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VETHOD OF STRUCTURI NG A SOFTWARE sm”,mmw@g FIELD OF THE | NVENTIZONEFrHIE
i nvention rwbabaswegeneral ly to conputer pro nms and nore perhiseameoazl y, to
the object-oriented representation anng’B"éhi tecture of such software
prograns and to the representation and properties of conmputer progranms such
as 10 those prograns used to describe and effectuate real tinme control of
vari ous manufgrHAT ORI ENTEDPMECEss oPETRUcTarENGCAt sormsiaBAGKERODNDGREM THE

| NVENTI ON The ultimate goal of a conputer (application) programI5 1S to
control the operation or processing of sone formof data. Mre
specifically, the goal of a nmachine vision system application programis to
extract inportant features fromlImage data from which a description
interpretation, or understanding of the objects in the imge can be

provi dedsby 20 the machi ne (corgBEIg DFf DHE t TrevENTIOnse of cl assification,
reporting and .decj si on nakin n_a machi vi sion _application, for

il o o S0 oL DR T nd ShR tBE e ERRRE S e ki eHOTHELEh BROBE SRS Mk al
machi ne vi smatreppagrtamillaalydi agr atei 8bgbBovAoL Dekrt gdir sefdr e stm tHTAE oot el
generally begin.wth the acquisition of_an input_inage, wWhich is captured
by a cameraa%r? lﬁle&?@&ei n nors)}l,Chste?)Owaaﬁ?e iﬁﬁagr soptaingnal E?/ R:th%

pr epr ocessedepseespn?athiehorand heropemge dss skgoempeteandrbendms esuahe as
extract fromit. Se nt at | and f.e re extract t.e f t he

i mge i%?o éc(r%‘é)sc?r %?grdtféstiuﬁc{é o"i‘tfjD egfggglaﬁe bétnéjgc%#r%]?ts\ﬁaetae? %3?9ext§%ﬁal e by
extracting tdemitroBoundfri esribeat umesufantbeingy data tpracedescrddrgsradr
identifies %%r tl?,caélcg%%ﬂ TUTE SHEET (RULE 261 12 SEP 200Z WO 99148000 '
PCT/ US98116062 T eat Ures ‘(holes, etc.) and objects in the canera scene, such

as size, area, length, distaB@EKEROVNKOHAHENBNTERTIO®at ures are usual ly

expressed in pixel unii.s: ri.be .t r j L of ure
in the imge 5 rglhaet N/:Eeélf%%nggifxgg Sots.tleqt“g)gﬁréﬁl {%épqﬁ'%été%s%cl?%sgﬁ top
left cother isf thecpnhigel(4abhso erftaddcan dmugeoeovtidionaee 898eedprmorofi n
physi cal unidzs i ke popd Qnddiges (9l sokal bedia Gamer angegldl nafe st em
if the position of the _camépra in the scene i § known or can be neasured
(usual |y 10 Svsfterr exPrld G il imreRtany ishe CaprizAcT Th Fadet U unes
typically checked Aga) nifed A RHARESSHOG %@Egi{at?@n! N{ O YA DU (GRL e | es,
step 4, before a decision, step 5, can be nmade or pass/fail status and
resul ts obt ainsedstanging. cHepdiet ¥odgAtal 56 bee gtrIatan RRIREIVITPD Y

processbpg kpAPRLELBAL ONcondpRRel) ERdrer PRl %9%69%_ Ig¥PUL BasSiLf-BhidH e
used to activate the tol erance checking and to provide nom nal tolerance
val ues duri FEROEERT Gk Gecaspant Pelta¥ - feat ure. SUMMARY OF THE | NVENTI ON
20 The object orimentedna®t10sl of s Sdd Uedpiriidag idng oftlowale& agip@R , POFaM o fhi Ch

is the subject of the present invention and described herein, _has nman
advant ages SREFS GRS ©or steps are executed 1n sequence. A typic4dl

machine vision program flow diagram is shown in Figure 1.
25 The steps generally begin with the acquisition of an input
image, which is captured by a camera and placed in memory,
step 1. The image is optionally preprocessed, step 2,
before the image is segmented and features are extracted
from it. Segmentation and feature eXtraction, step 3, of
30 the image into one or more distinct objects <can be
accomplished, for example by extracting their boundaries.

Features can be any data that describes or identifies parts,
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1) Makes sinple vision applications very easy to set up, train and

whi l e ensuring that conplex applications 25 can al so be readiﬁ%,g@ﬁi;o;gﬁmz
2) Provides a S9’/“5‘%’0extend the prograns by providing drop-in I lity
in the formof |anguage i ndependent software conponents. New machi ne vision
operations can be added to the systemarbitrarily as well as new user
interfaces for_30 them There are no arbitrary limts on the type of
operation that a5 dGifr S §&Fa’t RRE @ Pneﬁgsré?uFﬂ%dCBVeFﬁeéEeE%npﬁP‘é’P
programs. 2 SUBSTHIiHdTE aSHEET leRgkk, 26) stad@e i 1R K& A AAREX 48000

PCTNS98/ 16062 3) S rts building t rograns froma reci pe database or
directly using an ?)zfpﬁ%‘{rc?susé‘rﬁoi‘g?uagﬁdpcﬁgeﬁeaﬁﬂhi%%l Fh‘s’%eﬁ' i HierfackRal)
Al'l ows access ddsamipedatiae i gebhetsiepppsogiam bY rnanmeedourd aasytiser ipagag
either locally or_over a network and free.formexpression support.

Pr ovi des a e eHEL Y o SR e Ry PESaFiofath FhC . 10=8F et BPogF aRRFnEoP
di fferent systksft otornerdiofattdse simddwmt (ales exabpleamensagenenbsdbertneen
features in di ffetre t 10 camar%E can_be easily, conpuyted vvhenithef_! obj ?cgsgs
too big to fit YR BNe cRhert’ i REYEICE] AVGRs Hhb° sulll nafbd 5% o (B
encoded in a foanddadt iceameeapatddidénaickh syseemnt erfhethadgoessiing schetrbe
known as the Wlform Resquroe, Logator (HRL) address LQr Aceaes.d o h3.any
data either Ioca?y oF 'f rom renpte host  achifes on an I'Mier net- or “PRET anet
networ k. 720 Proefaesd tredmamiadibirecihbetmmctamexal si on pridgrsem t feaeteaee

the user interface nt al l ow t.he_ traini a LNg. .
paraneters usiatnlge atg#p%g%p ?%@?éioa %}l’rgﬁ n‘f(%alr rzfcnec)r% i‘gl?a;é%%% ?%/ée)&ténfﬁe
platform (conpamrown syseerjiehatstere Hrofedoresal craddiom, 8teld | dmwscahe
training and tryoplali o8 Lilalat unska ol NGamIERLAE Vi an AILOTALON, 3
host with the vision processor p uggea 'nto a peri pheraﬂ extensi on bus of
the same host BEpemmputcen oalpbudyed gemegathd, pedéphekalg extrenspgnrcbesiof a
di f ferent l@StaWﬁox{,haétépg pn 1 bige39RE) NELARLK1 A e SCLURANE, are
trai ni ng host. ows the training and tryout of the nachine vision
program on a hé%’d cAifpuBEtivAtR athe arf@diesnace sFecBNgr ciebsdic carAEefed
to the host systemdwet Woikralld RUQ§uéQedH§§gbn%x%'cﬁ'tQBnCCHH%Ut§r pRre9tafTRr
unchanged on different CPU architectures and t akes advantage of i mage
processi ng accE®®f#4i§ on hardware when avail able. Mre 3 C TRSTI TUTE SHEET
( RULE 26l

SUMMARY OF THE INVENTION

20 The object oriented method of structuring a software
step program, which is the subject of the present invention
and described herein, has many advantages such as it:

1) Makes simple vision applications very easy to set up,
train and run, while ensuring that complex applications

25 can also be readily configured.

2) Provides a way to extend the programs by providing drop-in
functionality in the form of language independent software
components. New machine vision operations can be added to
the system arbitrarily as well as new user interfaces for

30 them. There are no arbitrary 1limits on the type of

operation that can be done or data that can be returned by

these computer programs.
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WD 99148000 1 2 S E P 2002 PCT/ US98116062 specifically the architec r&p 200
'supports a variety of processing nodels (corresponding to the runti

confi gur at iasgo/ddeedi scl 0osed in commonl y- owned, co-pendi ng p&Husdsnessk si onal
Pat ent application No. 60/066,339, filed 5 Novenber 21, 1997, which is

i ncorporated herein by reference), including: a) Execution of the program
on a vision processor board (the target) plugged in to a peripheral

extensi on bys sQpddhie shasti 160MRUIee i dPanEX 8CAdH D pécigkt.e BEPgHa8 0Bt he
host using a vision board plugged into the extension bus for image

acqui si tion arfdIE&EEYerttidty | #ugBapY 0Ees Sy PR tEARUL £ oAb gtrﬁéhﬁrﬁéér am
on the host usidkd anveds@eboard for inmage acquisition (frame grabber). 15
d) For each output or result generated, a system of coordi nates which
speci fies thd Adrdiows tarﬁcseséutoﬁgtanlys dé)?ﬁr é8séhe StPE RIPIEABRIPYeaBRe&RBEi on

of the pyogranQR &t AdaPNE el WbdHIAGLHOTowUStLMEE NS k aRHAT free
connected to the host over a network. 10) Allows nachine vision prograns

to al so be nmorfi e @d‘P&ﬁéélPGnﬁPﬁﬁoéﬁ t he vision processor board or vision

processor tgf galofitles he pechaseshl Hrageastd £ myndrdebLggiagaf rom ankocal
host or a renpte host. 25 The invention describes an oﬁgect ori ented net hod

of structuring SRR e FiftSFeah SWitERsScPEaFSTARBAFRE SPsitBAT
prograns by cagroseéRgmplspet mebhsaobihvnts GRjickebas Feath@es sehf dafgariened
into a hierarchical strucLDure whi.ch bot h rovhdes he xec ti ontord r, _and
the corifecti of BIEIE iGUEE 185 3dip EEPHES8a¥he8t EE jﬁ‘é wednt8Pepdd

St eps are aIs&coﬁganuze@nentamanaobmegé orlented 4 SUBSTTTUTE SHEET (RULE
26) g; 00 ~ 2 s~"P ZoUzZ P N898 062 SOQ#% war.e h| arch§F o.take
advant age o FaldYy SEEPWRERCE: 8R5% ¢ ?)eerrfcoor "M Pa 58ert of§. A

step program mmﬁah&ewaaitm ohei nfnmlemtetoraddlielss&ngrrmcmenae Skepwpr agr am
the Uniform Resource Locator (URL) address for access to
15 any data either locally or from remote host machines on an
Internet or Intranet network.

7) Provides a mechanism for the machine vision program to
create the user interface components that allow the
training and setting of parameters using a GUI (Graphical

20 User Interface) library native to the platform (computer
or system) that the program is loaded on.

8) Allows the training and tryout (i.e. trial runs) of the
machine vision program on a host with the vision processor
plugged into a peripheral extension bus of the same host

25 computer or plugged into the peripheral extension bus of a
different host computer that is on the same network as the
setup and training host.

9) Allows the training and tryout of the machine vision
program on a host computer with a standalone vision

30 processor connected to the host system network.

10)Runs the machine vision computer programs unchanged on

different CPU architectures and takes advantage of image

processing acceleration hardware when available. More
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5 a). contains a list of operations that together make up the machi nej ¥iSgp o
“application; b) for each step (operation), encodes the set of_paraneters
and settings 48%8 t o execute that step (operation) succes¥® F?{"%@) c)
for each step (operation), defines the inputs that the step (operation)
accepts and the outputs or results that are generated; d) for outputs that
are generated, attaches a system of coordinate information so that results
can be expressedspPacifieably phils careinitastuwe cofHRAIEES nfdr nad Foaty haet
allows for the cglibeating of mdasyst em fr LoOPMdmalLs tQ physhéal  runtime
real -world units” |ike inches or nmand also allows the conversion of _
resul ts from onec8)5i enFdtiewdralf ndi S eL Anbt hePFMOply 10vReE neSorpending

physi cal rel atiopshi pprBetyesnap sy8deM Hhp LOOL i Hates. byo pogans 24 Ngrt hean
into a hierarchical tree structure referred to as a part st?efg tree, which
e

al l ows, foP exanPPBeFRRIdedtri pt?dh of "Rl Vi by cAREPEPIRATeSer PRRGLR sPhge
part step ( i . BefetbfcEP}i McdRMInge 25 the canera is nounted on) between
the canera system of coordinates and the world system of coordi nates
(usual 'y the tabke mfedutiion &t hen&nbirbgrapPmt &S viisibal te¥be¥yso9) board
contains information to detect whether a particular 30 operati on needs to
be setup or trained ¥ tFREGTEr RIIFD tHe §9seR e} gl exreRiPn bus
successfully; 5 SURBSTItHITRoSHEEImpIRELE. 26) WO 99/ 48000 12 SEP 2002
PCT/ US98116062 h) for each operation, contains information to invoke the
requi red aser inbeEx@eamtdeiposntiet Matogaadm Sbn afhepetadtor ushry set viagonp
and training step prograns_regardl ess of the GJ (G aphical User Interface)
envi ronment t he st%ﬁa%q‘gro%#"h%ﬁ | ghefed BhS i)exF%Pségeh %blératf%zh, &2A%*
construct an executadguwe sdanpnt endpaogeberdted imEge @rddesdiost. PC or on a
vision target board directly and which dynam cally detects hardware and
uses hardwar e accelEreatutaromwheh aheai IretlosamlComndhe) hmEatesutdngeachvisepn
operation as well i : u | 0QS ters, which
provi des a straight ogrlrvz\?/;gc?%rrégﬁé% é%q?ggié%%sgﬁ%eg%%sﬁr)rs in the step
program by snane by GBAN S e8aten: SPECaalnal Qonklaiel Pl s | 3,3ddhl 1 g8
to descri bing sequences of visioh operations, th I scl osed step program
architecture can aleRpusingded twhiddscepgelbiearitdey wiitet hthisel dutaiit r bf
operations which ofd.en fawe 4q gg Eg{égﬁgg_d in conjunction 20 with vision
e

processi ng. Such prograns i1 nclu ut are not limted to 1/0Q

conmuni cati ons, @na: Y QbrCONYe Ol APPld LA QNS orfNE; ST 8P RESYEAEY vision
architecture can even be used to exclusively describe such cell control

programs that do ndtFQEASTFont 4 Fefny thesi bRr R oesonngeaedalte heprPERt
DESCRI PTI @y OF THE JRAWNG+Hese and ot her features and advantages of the
present invention will be better understood by reading the follow ng

detail ed descripti qfLldwakemnatngeés hamn sdichh phegelims rgs sbhesdeibe dOnkicgues 1

shows the typical _software, components that nake up a machi ne vision_ . .
onceé running 'on the vision processor board or vision
program 6
rocessor target for the purpose of diagnostics and
debugging from a local host or a remote host.
25 The invention describes an object oriented method of

structuring a software step program, which creates machine

vision programs by composing a set of software objects or

steps self-organized into a hierarchical structure which

both provides the execution order and the connection of
30 inputs to outputs at each step and between steps.

Steps are also organized 1into an object-oriented

4
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SUBSTI TUTE SHEET (RULE 25) 12 SEP 2002 WD 99/ 48000 PCT/ US98/ 16062 Fi gure
*2 shows a sanple user interface view.of a step programwithin a Hosk? SEP 2002

G aphi cal WJo%/4 d36 erface wi ndow, Figure 3 shows how t he St@iaNogedogan of fig
n

2 is executed a in what order steps run; 5 Figure 4 shows the internal

step object representation that supports this execution nodel; Figure 5
details the flow of data within a step when it is executed; Figure 6 shows

the obj ect -Qyd.ented fq‘m%rﬂ S Ij_ﬁ]a)&i eg(gxragﬁ%agtéﬂaéf SUBRRGL S1 LAY hhd fife it eP

execution and data flow no ~ Figure ows the object-oriente
i nheri t ancestepsr &helty Perforauppoilar t drexateiPSeecut i on | ate binding for

optimal performnce;edSpELGULRS eBRo8Esale LGk SEReMRlHGridlaghams show ng
t he host and target sys?em network connectivity that are supported by the
obj ect ori e@#aEPleet RoFtéP PHEIPRBSent invention, for the purpose of

creating, sgttbfgatRsand (tirdt NGr Obe Ah: PEHY | €L ORSGREABEAMaKYC L ASt Ke

machi ne vision 20 program and Figure 9 shows the rélationship between the
out put resul tB2gehRe at 281 Oy FPBLIGRYOBIr am and system of coordinates in the
context of a two canera sanple step program which cal cul ates the di stance

bet ween fedtluf@¥ PACHS S&€Far AREIERAOPA /| PRGESESDERR 1595 DRSCRAEATEREXE THE

PREFERRED ENBgRK Mk thRy sTeebqierad Sken Siefudy Oghat ajwdp t eeperecidat is
the subject of this invention is preferably inplenmented by a set of
sof tware obj eEPSCREFFRUIXt eps organized in a 30 hierarchical tree

structure. This representation |ets cljent, code treat objects an
conposi*®i orf 'of °Bbj BHER or' PG T2 AT 8] Iéjet%r"'é‘gssttr tﬁpéuggprtg‘?gntﬁ?? on of
a step 7 SUBSEtdpTEPHLETioRULEC26pts and Shke GPuAE 99t 48000Lts that

are generated;

d) for outputs that are generated, attaches a system of
coordinate information so that results can be expressed in

15 real physical units;

e) contains information that allows for the calibration of
a system of coordinates to physical, real-world units
like 1inches or mm and also allows the conversion of

results from one system of coordinates to another;

20 f) defines the physical relationships between a system of
coordinates by organizing them into a hierarchical tree
structure referred to as a part step tree, which
allows, for example the description of a moving camera
by inserting a stage part step (i.e. the motion device

25 the camera is mounted on) between the camera system of
coordinates and the world system of <coorcdinates
{usually the table or fixture the entire apparatus is
bolted on);

g) contains information to detect whether a particular
30 operation needs to be setup or trained by the operator of

the system before it can run successfully;

SUBSTITUTE SHEET (RULE 26)



programis shown in Figure 2. Step Program Object Framework PCTN898/1126§922002
As described herein for exenplary purposes, steps are software objects

(i.e. Ct+ O aN@8Y488Pfl ch are conbined to 5 formthe step progfgﬁ{dswl'égﬁzare
organized in a tree or hierarchical fashion where steps can contain other
steps (called children steps) to performtraining, preprocessing,

coordi nate transformati on and post processing operations. Steps comuni cate
paraneters and resufps Baalhsiarp ihiem, 1Casjadoss infermatébpedios iarvmke the
sof tware objects ; A -t,g;lgcpg t 1 S o} i

vi sion applicati O%%JGP%?'%%% leu tsa%reo)‘rﬁgq é’i‘g%‘ég %%J?pﬂ%%%% edotﬁsée}daaté)sr
inputs to other sY§ys. SStEHBIaHE @ACURIGHNERDs STERt MBEDSIEAS IR P ddgisted
graphi cally by usigg gtandedhdddc00npanent nobieete LAbhok soMbht KRAWN Jikp

t he industry such as one or nore of the follow ng generic component type
editor such®as trREPTORrb¥,193d8d @ritrol, text control and/or picture
control. Editors are software objects that can create all the 20 necessary
views and user intefPEce R r oPBEFBLEPRaNgeCaR epSORAATHSE s S e @table
poi nt-and-click uséfphfdLrpacgraki HE€ 2uRbo¥s the @dktopcobiredn thadidion
created to display an entire Step programgraphically in a tree control

wi ndow. In additi®oEIhchPSEEd afdTeattm i APA sYRbChr odYRARY%R oht AL s
speci al identifiefiafdwdh Dafd obsdd yhbphidaee | Beakilbigt ) omhivtlenal 4 o] dH1e ;
step or datumto dypnamcally create the editor objects that |et a user
change parﬁ&ret ersa’gcﬂd settings and train a step or datum The QU D is
stored on the host, in_a spgci al d tabaée sonetines referred ]&o as a 30
"registry" in t he’ M‘é}“&g?of °W ndd ?%ti??gersa&gtoé]m 23s V\Ef‘ as® i i Yrhe
step and dat um obpegtut s sel setthegbostndr opadeseskandar dshaper atg oy 18¢st era
APl s 8 SUBSTI TUTEstS;'-_'-Fj |h]('ﬁULvlqE r2 ) c 132 SEP ~00z WD 99/ 48000 PCT/ US98/ 16062
(appl i cation progran o et s é%e) }}5’ Cslmegtoé gﬁcﬁsjséré? %g%aﬁ?%lé "ri/ Jd} Vel
its GUD. This, istessemogrgandnatesma fnah ahj ecipreiserianc hysprleardsheeer \or
runti ne st p or d%alé r?){ray contain a pointer to an editor object providing a

u
user 5 int&rface Tor Mani pul ating the step paraneters and inputs. These

editor objects on 't ho Lp.turn eat : e C o) ts ich in the
preferred enbodi men'?%ar egﬁﬁ%%%@nt e%; as d%(?t%%é%éonts(r)e%s ec%rs Wy\%gows J'oér.h
NT operating sypegatiocnsat Yheoviigelioandl isaepyvbengrami aAdohst emtior @iral Dl
for 10 editingand Joei nidhg e cilieR par aneleksy el NBchak 9ebelnesencrol
identifiers are either ignored when the step pr%gram IS controT3 ed by the
host or are uséPerdtgOnsr aflerGlunefwen uBevei fPePae EHIIGCs 1 AARI PidErEn
the step igput %li%eﬂrjﬁéheoﬁmﬁ%é‘@sé’iﬂ on shen ?&Q%QHE' $nkdBBENG LS 42 &hot
st andal one configuration (as described in next séction). Sonme steps create
ot her steps to HaRdeE t h&or unti{fe preedEsgiiggtianlsset (BDr FPARANNY. CTHESR

steps are partisgplaichy ieseful iThe hated ey ogRBmasSiHi det@ u@Rer &0 edkn be

used to exclusively describe such cell control programs that

do not even contain any vision processing at all.

25 BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present

invention will be better understood by reading the following
detailed description, taken together with the drawings
wherein:

30 Figure 1 shows the typical software components that

make up a machine vision program;

)
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20 setup time with intelligent training. Intelligent training is the SEP?
‘operation wherein the step is shown a single sanple i nage represent agi \gg @\2
the feat ur g éd@hooneed to be detected during runtime and geARh®YsReei r ai ni ng
operation to self-define the optimal set of runtinme settings and 25
paranmeters. The execution. order is encoded by the step program 100 first
by the position of the step in the tree, i.e. in the order one would
enunerate them by;pgadi N0 JhKld Dagkndromdef trfQeri gt angd, t@p-go-stg_gEtom
This is referred as 30 wal king or _traversing the tree nmaking sure eac

posi tion i sP¥PSreBdwékbanuat IPsh1Graphisaihdlrerpdaferfaceredilowrhe executi on
order is further pggoeded:bysrowdeHow @Bé“MZ;? lbaehrd &P edch tepsin
the tree, which can 9 SUBSTI TUTE SHEET ( RULE 26) ~ 2 s~P zooz WO 99148000
PCTNS98/ 1606%efddrry aPfe 1purBapr BEESE et &S0V For exanpl e, step 112 in

step program 100 gy reave sHow tiHdUirf 3@fa W @D GBisRS idedr@ s t@xaeut ed
before step 110, therefore chan t he execution order as defined by the

, in

tree traver $BE% GPQPS’rﬁénFPbﬁeﬁgﬁﬁ %P AR9eLi's call ed a preprocessing step
or nore rigorousiryqarst epdelai 1Bashé hel ow epf ofLss ivig it &l Bite® Wwhenedton.
As will be described |ater, attributes are not restricted to being

executi on ofdeF*R5d i %rs. In Fi gure 2, each iconic picture represents an
10 i ndividual stepgaperaticon shows ep gieOgr 3By d00-aeLOtEEdg timHhelid tphesent
invention. [ndented steps, in additi%nﬁ 0 trtgei r tree oe(réglani zation, have the
fol | owi by altFFBEERY: TBrepruBBSEFAg t(%‘pst, ShEERParE S PR SBE 3t hei r
parent. (Fi gdBwnimodetiep 116, is an exanple of a 15 preprocessing step);
Trai ni ng steps, ich assist the operator en _setting up the paraneters of
an operati on. (F}eﬁg%&up? st &p°1is, ﬁ%se an\égQS R0 ecfr aii5g *SRE5F:  and
Post - pr ocesaiiegastcps,thatt chupgroe tex extigt exteaf teetecitéion 2@ tpabentingWiop
Step, step i of a postprocessing step). Therefore, the
execution og%grlmlaé g?fgoégggbgef he step program 100 both by the position of
the step5in the thigarasd 83y 8Chearsetblamk seiheotagd cprdélagosmspisbowssgnghe
attribute a | S al t al ner. st gr to her
children st §8§§a\rq?Asdet Sfp%g#eﬁé exefﬁfel"gn r%)r éa(rigpﬂa]de&glzmggg'?gi%ﬁerQgtgéps%%y

al so provi desugpegmeon beputhe o chijeathepriehtédr avetdiogpsof Forthexanssentt he
Snapshot st @R, est8RA110£,30 Gedi i pput . J t hatoadl, Lt s, sont@ ned
chi ldren stéps, steps 112-128, oper Eoggongpvmﬁ%ac%ﬁgi'r o?de%n_%i cté'ztt es 10
SUBSTI TUTE SHFETY( RUE 2b)2PP M IG/@0FFogram such as a machine vision

20 program; and
Figure 9 shows the relationship between the output
results generated by a step program and system of
coordinates 1in <the context of a <two camera sample step
program which calculates the distance between features in

25 separate camera images.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The machine vision step program architecture that is

the subject of this invention is preferably implemented by a

set of software objects called steps organized in a

30 hierarchical tree structure. This representation lets
client code treat objects and composition of objects

uniformly. A sample tree structure representation of a step

7
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~ 2 SEP ~00~ PCT/US98116062 their rank of execution. Figure 3 showd 2t5&P 2007
'step program execution order of the step program 100 of Figure 2. The step
progr am exec WPO48ei ns with the acquisition of an image, sPEPUERA6063

Fol I ow ng i mage acquisition, the programincrenents to the next step in the
hi erarchy, which is the 2PinFind step, step 114. However, since the

2Pi nFind step contains three contained children steps, FindPinl, FindPin2
and Warp Stepprstogps: 1565hoR0 amdri@Pxe rspectively, the program nmust 10

i nspect each child step's pre/post processing attribute in order to execute
the steps in their proper order. In this exanple, since FindPinl and

Fi ndPi n2, steps 116 and 120, réseeckirogtan Qijedtadgeteaorr epr ocessi ng
steps, they are executed before their parent step, which is the 15 2Pi nFi nd
step, step | 14. (N@#Se derarikesh hereim nif nexenpparyt PPrRasesi s s§epsutay

I ts contained (¥d.d St %jé’%s‘?hg Se 1 he, Fi Rd385WR) StER.crSt el 118mplified to
entirely skipped since its SETUP attribute tags it as a Train only step and
not as a RBntiffRrmstERe) sEePTHE9oDeM-st eBhEl t3FE eXEERRI DA ofHera | §TERe OF
parent step, sfieraktdschhe ZRINFNd ALER. FAJOWLDY @adlinONothetN&teps
parent, step 114, the program executes all contai ned post-processing steps,
which, in the Feddeft Duiddsed istERfdesa ReIAAPR SEHiNidi%p BYSRIGRS idi Ty

i ts contained o2 3fi®R%e WAL RIMRLISE thR Dedect Fipdessand OpXrEeAbhass
Tool s steps, steps 124 and 126, respectively. Finally, the step program
will execute tHERY O°EUTPRECatRp PAHEERTEFS afllt HE SIS pPYgr BRI | (95
been conphet edbbiReferring to the representati on of the step program 30
shown in Figure 2, it can he seen that, in_addition to fixing the execution
order, the childre?38p iFPRT Sar A Hut oRBEFEAF Gy EBAREES ed 6Tt hFFO TNt
cont ai ner out ptishdabar egplasifersal i waesubbs ecdsn@NDde ¥1¥ Sor Nd B Ned a whad @
11 SUBSTI TUTE SHEET &RULE 26| WD 991 48000 12 SEP 2002 PCT/ U 981160&2 and
execution flo@PFi §ur8"4 1HVitdesT LM Rl eHE SR r JOUTPELI theds sBFEGar?d®
i 10 ob] 6gt S, FuCh 45 SLep QbLerts. 200, anil 300 ABH 2 onal: ol Seaee ofo!
chi obj ects, such .as step.Q ts an : [ nal cl asses o

obj ect s 5§$ncltlfdee$letfe& &?@@h&ﬁjjagg%’sPysHﬁﬁ“%ssF%’F%?’écﬂcéégb‘fmow 2P 2 um
obj ects, such eahitatsumvelldj ertiowr®0:n ThR8e idkdueekry atuehoraggandzedornt@ran of

i nheritance obé'heect;fgﬂevgt ed hieer archy from vvr%i ch of her .gt eps_ ane ggrielege
fromas shown i1 Frgur@¥69 TSSFarther THRIEE 't heVRT eFSF&RF cal St r d8t ures
steps 10 that emeratl,t léssanmencndént eg¢xoncdresed]l, aasl/slrownccnrEi gonerdl .
(e.9. steps 112 angqli4.Qr steps, 24, ANdoa20) 2r ¢ physigal Lyoslored,in o,
data structure called a rmap.” ThiS hap storage 1s part of ' t he parent “step
obj ect, wAPch roawdssiary aliewshesel cliddrietestfeps, dongrallse tst ephdnrgem swherh
15 these chil t.e I irectly. i n | darg. C++

i brary cont aidd;lﬁl C%t}j}é}%t qﬁsﬁ'&% ics(‘aboééé ?ggs{:g?cekgflg?ﬁpi%it%o%%ﬁér gléi‘e]ie o%
arbitrary obj edtais |Itheaddiiticon obdach tbpecisi areheedite dhspbryiawientine |y
tagged by an Sdd Bl o bBBeULT EPL: A W SO QUbsuar e used to 20
refine the execution order “of "steps (i.e. preprocessing and post

processi ng) as wel |Irasafidi kiadpecicalichc| ssefes apfl siapyn ( SETUP $ttE€Ps RARYPART
steps). Apy Stefhwidd naa Bpe@iam COMA NG & | ickt @bzontaissdl 8} epgnLahs ed
a children list (hereinafter childlist), 210 25 of Figure™4. Every Step.in
a _childlist iXReRggedrds Eniter 21 pRES (PRE FGFeset ngRrteB. @ gt’%ﬁ%l?iglénd

212), SETUP (Tépddbe (e &uitdePoriledos RARE (1@ ibradd Onchs£w@s dbhabReters
transformation (e. g. step 215) or POST (Post Processing

, , ) fe. Q. steg
214), to contrfd PREOIMET 3 WHIGH theltS$h@R fatum. The 'GUID is' stored

on the host in a special database sometimes referred to as a
30 “registry” in the Microsoft Windows operating system, as
well as inside the step and datum object itself.

The host provides standard operating system APIs

8
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30 be executed with respect to their parent step. The datumist 230 12 2002
‘contains a list of the step inputs (IN) , 231 and 232, outputs (QUT), égﬁ

and resour E@ﬁ% 233. Resources (or resource datuns) a sAGRLEr S or
settings 1?@3]& UTE SHEET (RULE 26) ~ z SEP zooz WO 95?4@85‘

PCT/ US98/ 16062 that need to be set in order for that step to performits
operation. In addition, parent objects include reflists) 220) V\/ni ch list

t he set of o %ne atchgg1 ebggggaﬁ&u nrl%rtfgcﬁ.?ﬁ o@ ec% %g{éjms nge% to be

notified whe(n obj ect esS are changeé yPpI call y C T4 ns
edi tor obj edmamadliyprc_wiaje ith% GPED at or‘I‘hofs thlei sgssence tglenargtaphlacal

view of the dﬁ}aelp eqzact %g‘\e%gil %%reggnevg#gu&%n%lﬁgo\é%e S G%%E% aI ly

such an editor are crea usin
Uni que Identqdnt@n)l a4momuﬁredtpnsa‘rdeeéw9:>y scekeq@@r @atourmdwngcha defaerres

the typegof Q&G dehaty cfcsetu Ql‘i'aq_emljs‘éﬁe' QE@B gx‘%aE\Q'EEEQ' %rgdr g%g%' i1

this step paraneters an ngs. Ddring ste ecution
t he dat ums tRhpped aditer | Rbdactfs o510chesubfsts idat tiwen 1cr2aaﬁd quta@ze 514

and 516, %gﬁ@t o)) read dt

resource dat dn‘éﬁgﬁ 5@ %E 3 tlmé bggfgigﬁ%la%ﬁ%%% 237 andﬁ%%gr%rﬂr{gd
out put daturess Ahves thk%nfqr DingeW Y 286, N23@rard ting) sitstems,

cal cul at ed dg&lsv&eet h@a@hfhlloaqer%&w@ thatnddig STaF.B/b§ P&L 5 P54 ngfozEach

out put dat um has ol nter ch points to a special step object called a
Part stap. F@rlttlé*tge}%dcéﬁﬁaﬂhngnﬁb? nEftSroPagsgeterfe units for out put

datum; A Part stgp {gea v, OfhéssSepacateriées QfreObhechsr caldada
"part 25 tree", which is built when the step programis created. SpeC|aI

steps i n t hamss] dhe (3R RAIETEM KE [OBLSRAPEROPYSEBE 196 to i dioed

create, whend hdheia® el N5@rlind LBEE LACeSiLPe PEQH B L amamslitdt@nalnest eps
to provide coordinate systems or units to their output datuns. 30 In the

case of a STHFFhat"RYSH,"18Te Wit RRACHIREgd 1iSe ORs SEEPaPFPIFidh 1 FEPEA%I

Part step cald edaa SpapdFashe st epnfitherStamh Pards st apsteibéar edni n ddie
child list of the Snapshot step and given the attribute (PART) which flags
it 13 SUBSTISRFESSHEET (RULE 261 WO 99148000 12 SP 200Z PCTNS98/ 16062 as

a system of coor diorat estéype cebpeet .otheesessgeci ab aimilies ahe naintwxecut ed
at runtinme but support the Calibrate method once a caﬁrgssﬁhas p(%)éSl caIIy

been pl aced ARG 5385 i AHY ei IHEHP on”% rFEFHPEI%N o &d*E3mer3f or

particularly useful in that they can assist the operator at
20 setup time with intelligent training. Intelligent training

is the operation wherein the step is shown a single sample

image representative of the features that need to be

detected during runtime and perform a training operaticn to

self-define the optimal set of runtime settings and
25 parameters.

The execution order is encoded by the step program 100
first by the posation of the step in the tree, i.e. in the
order one would enumerate them by reading their name from
left-to-right and top-to-bottecm. This 1is referred as

30 walking or traversing the tree making sure each position is
visited once until all steps have been traversed.

The execution order 1is further encoded by a special

attribute attached to each step in the tree, which can

9
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5 on. a notion stage for a noving canmera. For the step program shown! rSEP 2007
Figure 2, the part tree |looks like the follow ng: +WrldPart _always there,
Vorld system BP %889 nat e where everything is neasured from™3USHE9E t
each canmera has a position in the Wrld. +WarpPart Sone vision tool rotate
and nove the image mathematically, these generate system of coordinates as
well. In the above image, the Worl dPart represents the system 15 of

coor di nat es offCRREYe e S\ IRIRIRRTRT efeNa - t oF8BME*RABWA, piffsPcdll2 in
position (€. Gtep AY/anOr1gd MM havdhpghatheisaebPEBR! Whi choCRlgds ikhi s
is a default system of coordi nates which is created whenever a step program
i s | oaded frofPdi BR opxefeerdd hefiorg edtenr bbjecttheredorge Shapwhrg the
represents thexpeskibAn etdbbe gamed@rided hgyworhd cregbed:byvihes Snapghot
step 110 of Figure 2. The WarpPart represents how the inmage coordi nates are
transf or medl t AEBG4RNEAe FVteess dhikarbf ngathedi magRrePEafedS e t REep or
Var pSt ep, st epolé?2 Qfgdrcaung 2 &%ﬁ%@%ﬂlttwwﬁpré&@&ﬁ% Qe Lty 1,
2 and 3 (236, 238 ang 242) includes a part step (i.e. 501 of Figure 4) that
contai ns a poithF8edt ®Na syRfethitof PEod@iscELEed( dBteST) ARTTdRUERE0IEE IS

units used by rlelitg:eubRUtoc FeingNeRedPtiod estdr Wil ileys.fOr exanple, the
position of a feature in 30 an | mage (such as_ a hole) which is encoded by

two nunbers x and y@ t He-%& enfof E86Fdi ASPBLCCcoRICSUTISF tHAPTEEHE Efherd! X
representiphe ipidxeh dpasi tdtep adpuvgdiltn hof i zeap agrazg&amoflotoh%dd&@an@now
represents the pixel position of the feature 14 SUBSTI TUTE SHEET ( RULE 26)
12 S E P 2002 “\p §IEAE500 BEAISEErT AEENELONG HERS v et 138 thANs W& HIRET
image, with pitxek peghhigatdofl, bravg the ftordwaidg Gavabuekst:he i mage. That
coordinate systemagbject is, itself _a step that has the %}trigute " PART"
active as shown ‘at "5BRIPREETiF e SkeP8 THELETPafrest BFECHTSY | PEEPFEA FREthe
step program whenepeteatst epFihabirgenersdeds arld,mgies asaroneedmplles resuld
Qut put dag_ym is crﬁgg dbcggsr.nexasrggal ﬁ for the Step program 700 of Figure 9
whi ch cal cUl ates theé g ySi cat"distande between features (in the 10 present
exanple "holes") in separate camera inmages, consists of two Snapshot Steps
702 and 704, each E8ALALRYNYterd piushocsssbhgt e Rperesicap WNee Eettipd iR
the image fromthe ang, r i Ng, i 70 at
the posi ti on of cach des Fa | ace ot rrBare e o  ha S R andc s go £
coordi nates of theanhekamptemerd it¥adaéhacareR)a’ #ndmge coordi nate systen),
each snapshot step 704 creates a SnapshotStep PartStep (i.e. Step wth the
attribute "PART"s sebytapdotdseiriss btep8f O whiishChitdlr @ebiibd Chidtdlri Sthésr
shown at gBS of Figure 4. The Sn%EPartSt eg en odes the 20 (isiti,on of the
origin 0,0 and axP&*ERbri Z8AFRI 5RH- vEFE c&k%’oflstr‘?‘é‘ ¢ fFat® <sPent™
attached to the Qubputessbhge adpym of the particul ar Snapshot Step. It al so
encodes the unit of neasurenent that the features calculated fromthis

| mage are reportedTh@re%grzymﬂﬁ§!é&e 'Jﬁ*gfgf? ﬁ@deEEEHE&$b?Xt11Ct§§E
froma camera Image are reported in pixels until the camera is-calibra e
to inches or MUAGEARt &09. bPRE Ot phe brageibat afn bhet hreSnapshine Steee | and
turn contains pei ot et 05t he Rart h i Bl gur; d m
list as og%putﬁ?ﬁ ot ur%ti t%%nQSOSO%g.%Qt%d %P@/&?sts B%cégs.{l}{'& AP guedat

Special steps called container steps group together
children steps and set their execution order. These
container steps may also provide a common input to all theair
children steps. For example, the SnapShot step, step 110,

30 defines the input image that all its contained children

steps, steps 112-128, operate on, while their order dictates

10
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Calibrating a canera is the process by which, once the canmera positj ?§ Heﬁ
'been nmeasured or is known a priori in the world (i.e. Canera 1 (7103 rg 0
Canera 2 ( Wd)oipadti on 15 SUBSTI TUTE SHEET (RULE 261  WOPRSMESEHas2l 2
SEE' 2002 PCTI US98/ 16062 in the table coordinate system Wrl dPart 705 of
Figure 9), position in a given canera inmage can be converted to position in
the scene (the "world"). For the step program 700 of Figure 9, the FindStep
708 reportsthberpeshki 88 £xecyfidn Of each "hole" or other attribute in the
i mge being sought after, in pixel coordinates as described earlier. The
X,y position is tREHTEORVENCES HeWSERE BT O9EERe eXePUEIBPICFEREs Ay Wikch

Snapshot 702kéQ4 Rasd:Shrepl®@f bherigapecti.ve BRapshep Siafq@akPd WxddBdenbat um

before the 10 physical distance between the two holes can be cal cul at ed.

These two c&§8dPRat ¥1&Pst ERE afEISHBW I Flurd? 9 HReISrapPdPcanil4x1, Y1)
710 and SnapBanbang (i&%,geYZéc_:cﬁﬂi?sitEm,Sm Ferégxap, inbeamexesuted wie
runti me, converts a featube i ke the x,%/)%fosmlo&of eﬁ%l hole as in Figure
9 15 from pPL&t SG6PIIRArCEE POSTARErY OV Mt S AH I M fiR ng 18R

gi st Iegncesbetlwexen thﬂ?w/ﬁehpl esinder t$1>éa_rr]2|PE_nFﬁEﬁﬂ g§t§1ﬁ| Cd;lérﬁtiaﬁ.{hs | tmd the
napPart St ep steps o step program.in_Figure, onyert the X,V

| ocati ons of “B4ERTHRE é:[hﬁ'gdﬁeé’y?ESﬁgof IP&BQF df‘ﬂat g&négﬁﬂ%na{‘é} JPF Pe athediFis
(i.e. 20 WrshdBart 1e6pr dizat eanslysten) 7Gespgedtdiowls,9) théhep¥égt atPamnfsitep
705, Fig 9.. reprﬁsent thﬁ?' %?/stem pf coordinates of the en%i re.s stemw th
respect*lo SOFESK ovﬁ?%hy%'lc PoEP 1T oRTP/ RSt hBTRRGEFEAP FI5FE 5ot bct
to which theroessr tanmexasuvaecethdustess dm tdred n propeat eddehenever a 25 step
programis | oaded i t em el I heg.. ost J &, 0r_.on a \ision
Pt occasor  system P OMa S AEABEEEE BRPET EHME TN i TorRer Harmge g it ¢
in the stepamdogialn | meBpgutevOlhas abeerncamecer &ed prepeacke sSnapPaste8iep t o

a common sy o) o] i s]“?}e Par - ISt gnce 3 ep
719 cal cul at%tg?yt hger%i gggﬁggglgn rﬁg\lég%edlurﬁi %ér%ggp%aeﬁ’y%’%b esggr iid
m | |i neter s atwadn sttleg, hekep dit 4ot héNotemyraatwhebhuthes. FIONdP irelf tstdn el d

ggogv\e/\by 937% gbifé:,t (€ Uxefintel! 18SUBRULLWER SHERL (RLE, 2@hicnl & SEP
the FindSetup step, step 118, is entirely skipped since its
SETUP attribute tags it as a Train only step and not as a
Runtime step.)

20 The next step in the execution order is the parent
step, step 114, the 2PinFind step. Following execution of
the parent, step 114, the program executes all contained
post~-processing steps, which, in the present example
includes the Warp Step, step 122, including its contained

25 steps, which comprise the DefectFinder and OCV Fontless
Tools steps, steps 124 and 126, respectively. Finally, the
step program will execute the I/O output step, step 128 and
the step program will have been completed.

Referring to the representation of the step program

30 shown in Figure 2, 1t can be seen that, in addition to
fixing the execution order, the children step inputs are
automatically connected to their parent container outputs.

Three basic software objects encode this internal data

11
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PCT/ US98/ 16062 Figure 6) handl es connections between inputs of one si@@dERH0y
outputs of another. This field always points to a datum of the sane type

t hat contai nSVPAY489Y ues to be used by the step during the e%EE{HSP%W’%% t he
step program 5 Figure 6 describes the way the foundati on objects are

organi zed. All basic objects can contain children objects. this is shown by

the conposite object, 600. Steps are conposite objects that also contain
dat uns obj ect TERRXEP TR TeOY npht§UaRd c AT dut PetaiErdl e8TUETRYS

datum 10 obj ecdf 620 egent doFtwane ObpiBEEs | ef ergnce Jmrless B3rptisef t9yes0
that steps can be connected together through their outputs . An output

datumin thi s FRIFESent'dtiTh 1YY LYRTHFWhoIRI €l tF poritdroPEepes nt FHEN t o

itself. Editorapbjed &S esed VESO agnd NPOD. t oakigst i 6hsD| aYa o £Cdf 6885 edbs An

i mredi at e advantast%re?&of this structure is th%t a conpected datum i.,e. a

dat um t hat °i s *0f° i?ﬁ{ﬁr%?cere TSt yPED B BFET RS IR Fon? U 3R

separate fromddtunonsbidwis, Ssutteda st s st TH0®. | STHOS dTabbyetiSedat®

store nom nal val ues. O.Pgi nce e_vei_xr%ﬁab' ect in a st eg g;o(gram is némeg, it

i s possible t ®TEMEEATCEHSHN g "SGR GnicGdECy ~a8SEPFBRs t REAHORY t +H or

address of a nesidH odimstepsharpr dgrafed Thiomadd asttowh 67 iFdigui@ léanguage,

or a fornmula for a readsheet cell, tq,bui|ld conpl ex expressions that

nmani pul ate step dat@Zguai%FgEtléegﬂeer% st beﬁ?gg?h?ﬁlhasstﬁé‘@ﬁ“&fecu?ﬁﬁPs

For exanphe, ithdt ginre 2t the Sam@Piivldesitapioat devkl, adsocstHesm aiparigtfei n

the image and yeturns its_positi as a pnt_ with two r di_nat X, Y}.

This output p "ntLiles %al FEgps be]’sjt mataé‘ﬁi" ?ﬁil de t ﬁéeﬁfndgﬁl aé}dgp‘ﬁ?ﬁ) X‘le

mani pul at e t heo3Gipaldly Xstoredli hat @ fdaoma assoudpire avabpst abomagoul dThis

sinply type, "FindPRinl.BestPqint._x:. t hat. " Fi_.ndPi_nl . Best. ch" .

uni quely i dentn#: i e rz>h]:|a§%poil%'t Fﬁﬁchegg?e%h%r %arraerﬁlt) ‘Fﬁ%pf u%ﬁggg%fesgh%%%t

i s guar ant eed ¢antearis7 HUBSTH Y& ECISHEETer( R4 L6)1 . e 12X ISEPs 290 2£ ¥ 991K 48000

PGT/ US98/ 1606 jquenikss Vi s oa N i, on; . pShat -

251 nFi ndStap. PRI ogl - BEEEBo e be, S ee Tl tarbryC AP o P 1 2

coordinate is spagetagrd di+eqlihrazy zeontadmer RLRITItIBEstPoi week & @tore

Gven this repfeseniali pg.enkshe Lot obhakyl beahoskosystem | 8,C00REELEH, Lo
n% el ther a (t

t he vi sion processor usi ‘ ' ocal networ (the vision processor on
board the hosteayfst ehveotadnshiwh iLAsFEi gangA)je oindiphgeathy megwerk ks an

shown in Figur 8G p : cqs.pendj U n
Application Noaé&ol %O%%Tj'%gnan eﬁ%‘%ﬁ%& %ﬁ)%?‘gﬁ?%mtg\}:\grggg‘lgtggr 5%95%? EA%d
Bet ween ERBedd&fidifd Hestereoeebenrardecoprporhierd Herei nPE§PEEFes &he, 2nd

i's possible 1544 epegdesthegyi ak0nANOCESSALrk0GREILQR 1! NIIQ e daf UBteps
address for the EPur ose of displ a%l ng on the host ‘results that are
cal cul at ed by EFHMiSTFRAAINEARsISGRPSt ep program This representation

relies on the fact Ahatsidie vishon 20pprgesnsesnboaisd andi ot bestopysiggyi s
setup as a Wb server and can therefore answer connection from

, , ) om a. Wb
browser runni nFGF t hE2#HRA| 2hosShidGEPBMERFgUhEr8APa b, FRibELIAbEL 210
system (Figur est 8Bigngesq . Every step in a _childlist is tagged as

either: PRE (Pre Processing) (e.g. steps 211 and 212), SETUP
(Train), (e.g. step 213), PART (Calibration, coordinate
transformation), (e.g. step 215) or POST (Post Processing),
(e.g. step 214), to control the order in which they should
30 be executed with respect to their parent step. The
_datumlist 230 contains a list of the step inputs (IN), 231
and 232, outputs (OUT), 234 and resources (RES), 233.

Resources (or resource datums) are parameters or settings

12
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The full address is concatenated with the Uniform 25 Resource Locat c1)|2 SEP 2007
-address or URL of the vision processor board or vision processor system
that is c%{] ogb®d by the host. This can be used to displ pgTusdashéosza Vb
page on the host the data value that is being conputed by the machine

vi sion step program executing on the vision processor. For 30 the

expressi on above, the URL address is:

http://Vi sigoPr geess aiNetevoskNane/ exeeh Shawval nia?| CtbORSrESPm its
SnapShot St ep. 2Pi nFi ndSt ep. Fi ndSt epl . Best Poi nt. x 18 SUBSTI TUTE SHEET ( RULE

26) 1 2 SPELFLDPV2 WO 99/ 48000 PCT/ US98/ 16062 where: a)

http://Visi onPrpgessaiNetdr Khareh i dewfddd £5 ihikeudesi Ofe PrOG@SSoOp2Board or
system the host is connect ed to. b) exec/ Showval ue speCifies the program on

the visi onBiBR oddssor thpar@torofy PRt CAPE (o3 THEE t13RE vAFLRI ofNife data

cal cul &f edoByetHeqBRERENS rVingle@N t3f @R MRYFARG RBRACKHRNBRcr. vERSEROI Nt . X
is the address of the Datumin_the step programthat needs to be accessed

as descri bd@eesPrRged-10 Bedp #Fééréﬁﬁppﬁﬂébl EOBkaLHEi 6718PEp BIEGESmE can
be har dwar gh9&h s@frowaie efdefe aatlo £a8£ba hexesyl wgh ommffaerg&rabheeul
architectures an? Cﬁn t ake adv%tmu%ﬁ of hardware acc?.J erati ?n Lo i ma

processi ngVoper 8ti 6RE & SPuint i°g |t§ed5ﬁ§98§? | at 9B RdicnG 87 %a J'f5 step
programt oaf hﬁaﬂp@éeoﬁlﬁmé@rmuwtdmlmedt is to be run In an

obj ect-oriented uag L ever ect ed into
memor y* &l so nee%gl{;grﬁea?ﬁl Ffﬁf"i’%gdbv C‘é?%/’? (plla[}al ! b&f" Pfe

obj ect cal t[édn‘alfﬂeEDnSTZI’lllﬂ)Ct ostoxed | Ahs s anempj exttep B@nadaEumh@hs,tep code
whi ch i npl nts the obhject functions ods is.part of t, pllcatlon
Code r unni AEEOREE haReCRY B hosbhars hafheot: &5oyiBer dmtsavr TRRae ok, 1
i s possi bl eoho::bhpferreuhahd;lﬁn@bj:m rers tpeyr aimenetrisonsddséfeimmns | vy depend| ng

on where the 25 0obj ect ste Ioad e 1. t echni
whi ch are used a%lrl‘rLuﬂtSg Pt SX PRnt Fgl%xecﬁ)e %lls{}g’\l&spc}r%%rms %afg

r oot oISthesstIelp q:armgrrsanfpl@, asspbcaal dacumtnal Her Z)bqtrmtt3cabléd élTaraglelt
obj ect, whigh, SEANTENA! Efhe 30edq Oy RRR [N2St ol PrAGLAD by iqaded

into nmenory céusm e constructor d T0 be called, scans nput er
for hardwaieteesdlr cessounrpadakons ar Suickkages 1BE§UE§STMLIN§TE18HEET3MRUI§E 261

{235, 237 and 239) the output datums, such as OUT Datum 1, 2
and 3 (236, 238 and 242) are calculated according to the

20 operation that the step 1s performing.

Each output datum has a pointer, which points to a
special step object called a Part step. Part steps contain
information about the units for output datums. A Part step
is a member of a separate tree of objects, called a "“part

25 tree”, which is built when the step program is created.
Special steps in the object framework, like the SnapShot
step 110 of Figure 2, create, when they are inserted into
the step program tree, additional steps to provide
coordinate systems oOr units to their output datums.

30 In the case of a SnapShot step, the output image is
associated with <this special Part step called a Snap Part
step. The Snap Part step is stored in the child list of the
SnapShot step and given the attrabute (PART) which flags it
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1? SEE 2002 WO 99148000 PCT/ US98/ 16062 acqui sition devices as Wi} SEpypp
pi pel i ne i mage accel eration hardware (as found on the Acuity Vision
Processor boaM® Y&8WPi bed i n conmonly owned, co-pending US PREENSI8/16062
Application Ser. No. 08/953,772, incorporated 5 herein by reference, are
detected. In addition, nmenory is allocated to receive the imges digitized
fromthe canera in a |location where they can be efficiently analyzed by the
hardware. At ra#ftife,sYifest s SBEAafRce Fypahiabiepsr f or hieswgespecial

processi ng opepgheeRs CQRe!r Ul | Qwelavel sakt vana: Rl echs: Caéﬁg'ﬂo@eeme
652a- 652c, to analyze the inmage. These software agents are created using a
t echni que cal | 681aPFate ISRy PRtholl. GBECE2hiNRHE PV ceAd YprRRISSPRAERE| n

the step itsel fingbegbastliba, Sefthaf eo@bh eeigla tr Ry oMt Rexda PRREESSHAY
operation (i.e. the inmage processing step). Late binding is the process
wher ei n exetut &bl & B8 OPs S§BPRCERE/ YN M FaMeS8Ar a nunber of possi bl e

execut abl e code set gobasar URAp GFdRam HIWCIH I Bilduee UCh RS physi cake
CPU present, operating system t menory, etc., with a view 20 toward

e of
maxi ni zi ng per f8PKERdd ke ﬁh‘?héobi/g‘%’e‘?'ﬁ’ invention, late binding is utilized
to optimze performpeelabatbe<knmageapeoefest NIwsy sl €8y He&Ldo EPEBoERENAte
physi cal locatign of the image in the image nenory. As a result, the step
program transp¥PEnel §VEIYSELEE &S Z’SE?ﬁHﬁfé:% O™y unt i me nodel s. For exanpl e:

The step program carshapexseeut ed eacr dsdraCREsUai pEs Ot Pt i izLre amdiare,
such as the digiti z%&] degcri bed | n\ﬁpo- endi ng Provi.si onal Pat ent
8y B

Application No. 60/ 088838%5nd pre | VAFEPRd 1908, Rfass 2PPI iMeHs oRhe
identified 30 dmaYe SnaPedredioNiflyi,cattiede NgenH 1305 yildenf i d£S cbekdiRates
1998 and entitled F#EXI BLE PROCESSI NG HARDWARE ARCHI TECTURE, both of which
are incorporat&d H&F&i'n by 20 SUBSTI TUTE SHEET (RULE 26) 12 S E P 2002 WO
99/ 48000 PCT/ US98/ 16062 hreefabioercemags, athe aver jdedtrerrelpeasdndsr egkl gystem

connect ed t he host U PCl bus.., The ste rogram can be executed on_a
R R i ST R D ol S

host CPU. wever, 1 mmage processi ng operalﬁ
a 5 vision procasgor mucdiasl desertiired (@. conaonkplewned, acopendi ny Whdch
Pat ent Appli cati.gn . 3.L72 i rpor at ed.herein_by, _reference.. The

step program cgr}?%be%&%%g%rg’g 3% alc%c%%%éjtq 'CPU% o3r d"as® d)éggra?lgéd e ot
commonl y- owned coegdperdiesg whiS:h Patentrdéreippwheativen MNo. s 08y 030 obBm wiish

the board pluQQ%@dEﬂSEQ%nﬁggsﬂoéE S%%é%ﬁ% Jgf%g editor objects.

20 The SnapPart represents the position of the camera in
the world created by the SnapShot step 110 of Figure 2.

The WarpPart represents how the image coordinates are
transformed through the process of warping the i1mage created
by the WarpStep, step 122 of Figure 2,

25 Each output datums, such as OUT Datum 1, 2 and 3 (236,
238 and 242) includes a part step (i.e. 501 of Figure 4)
that contains a pointer to a system of coordinates (object)
which encodes the units used by this output. For an output
result which is, for example, the position of a feature in

30 an image (such as a hole) which is encoded by two numbers x
and y, the system of coordinates consist of two axis where x
represent the pixel position along the horizontal axis of

the image and y represents the pixel position of the feature

14
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The step program can be executed on a standal one target CPU board \f?lﬁfp fﬂﬁ
connected to the host CPU over a network or not connected at all,

descri bed i Ryd beasddp above-referenced U S. Patent Applicati opctMoses/ 16062
09/ 030, 411. Modifications and substitutions by one of ordinary skill in the

art are considered to be within the scope of the present invention which is
not to be limted except by the clains which follow. 20 What is clained is:

21 SUBSTI Tw%l%'r’FQETtl(lBUIVErg§éa‘ d%1SER 200 Cnﬁ£'g§ luithed fI‘ite*loglE &5 Gl grmed

in claiml1l2, wherein said step o. org ammqﬁg said step pr ogr am obj ect s
further corrpr%s%?eljfﬂﬂmihﬁgt§Eeb§f'€z§‘Prft@?f AlYee 28288 - oper ati ons as rel ated

s reps, includi ng ParendostaRt tand i Bk G 1£] el SEEPS. aZstepl Nhat
method as clained in claim1l. wherein said step program ob ects conp i se:

s=eps, whi ch % QA TEEDuGer SPARTAI BCELED BT oAU dAtd I P it e -
datums, iBcl udin@sé Npaitt dot &S, a0t Pile HaldIN ark rﬁ?‘éwr;s?ﬁbgiﬁénu%erﬁékﬁbr

editor objects, which create all views acid user interface control_ . 3. The
met hod as cl & netem EhaF nﬁ?neWﬁ'e?%l‘?l“sh‘i“ﬂg%d?foP“Sbjoéct%scrreeachétalQL“m‘etvvs
and user integfwvae 1cgarﬂrreqlt%du5| ng a G aphi cal User Int erface nati ve to an

operating systemr nnl a targe stem u exec st ep
programis | oaded Ey 2?' £ oﬁethﬁt ﬁBﬁpagr ?’éﬁ’?‘re % ﬂﬁ

conpri sing thfazsdﬂmtm‘s 856 PhRiyBgcal gldabahhyeummeemdefﬁaﬁmﬁs (@RhD)trte)
each ste and storing ea a. dat abase_nman an operati

SySt em oRDsalkF AR (AT g CTIOLP 5T & v S BREERCT oS0t T Ee T cr N
step programofs t\ml I saSpshibtea(slnepsreboandndat uod ur reaicH . aehthlnlﬁgThfne
net hod as clalned |n C i.d _chil dren Séﬁ S .are c ssi fi.ed

as: preprocessitg espssln%ﬁdqﬁl%l@é%@eéggeaobgﬁgﬁ:elr?h ATE5E eoéf1 gdtent
step; traini rrgamazeq),s anhi oheagsissipracespengt dindstept t708y up Sbepce the

Dot ea pae Ot PSSR 10 HLERE S L ALY Alete) "B Tana
15 3% coordlnates of the “hole” center in each camera’s image
coordinate system), each snapshot step 704 creates a
SnapshotStep PartStep (i.e. Step with the attribute "PART"
set) and inserts it into its children list _childlist as
shown at 215 of Figure 4., The SnapPartStep encodes the

20 position of the origin 0, 0 and axis (horizontal and
vertical) of the coordinate system attached to the Output
image Datum of the particular SnapshotStep. It also encodes
the unit of measurement that the features calculated from
this image are reported in.

25 Typically, all £features and results extracted from a
camera 1mage are reported in pixels until the camera is
calibrated to inches or millimeters. The Output Image Datum
of the SnapshotStep in turn contains a pointer to the
SnapPartStep as shown in the Figure 4 datum list as output

30 datum item 500d.

Calibrating a camera is the process by which, once the
camera position has been measured or is known a priori in
the World (i.e. Camera 1 (710) and Camera 2 (712) Position

15
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g. The nmethod as clainmed in claim1l, where=n said seep c. grospi nq lpl
~steps than ue=torn: r: later: cpe=ztions co:rpr~ses inc'_ud_%_e{/ﬁsgé)'l%% otz
cont ai ~~d s_&';?s”(‘ﬁoogach parent step. 7. The nmethod as cl ai ne I"al'm 6.
_urther conprising providing at | east one conmon inpui r.o nore than one
child step. 8, The nethod as clained in claim2. where' _n said resosrce
datunms co~:prjse_para ers tha: should be s i.n. order_to rmt their
associ a~ed sebrbstg?) ﬁgE’TESr rﬁctoﬁglp%ﬁerséﬁt&%%@ldﬂ‘?ertrm}cﬁ%oggsFEF‘&F%Q)'rn
claim :c 2, f u:jt;bl@ii‘im uding & hfgigzteap e&xr?gaai ngmage d &dn | apst damggebact ed
s=ep of said ste rogram_ncluding ¢ inin URZ Interr et address
encoding to aﬁ?sg%f%f‘ uh?qﬁbea&&ﬁ@& (f sdfo&%f?')I‘easgoﬁnéﬁgels%?e&rgf-’éﬁm
p=ogr am st epdﬂl@.oﬂ'hxei@iﬁféloﬁl,f ashslmirlrmi%ém Tﬂ&aimpﬁqrt}m@kﬁi posditdoat &R, 9
groupi ng sai teps, tzat.pgrformyel at operati on urt her conpri ses

Pncl Udi ng S r8F cFarBe NPLE | RTcRLRSpaPGRELBRED, LNFER MPEEE PReNEnPEeRt
that ut=lizs afeenoin gadxel Wocriwat &3 agotiekbeilbekiesapbjef . val ues are
changed. 11 The nmezhod as clai.ned in clajm10, wherei,n _said groupin

Compri ses i ncl udi nS FeFemSRs1ABe FPer dPRVELERTGAPUNBITCEE RAEER
connec~s i NpPuksYofcoerdisiaepst bpuepehs SHamemither 08 ep4 FartBmepbjeft the
oriented met hgod of de‘\,/el o] ing aosée progga&n executéabl 8,00, €a h gne ofthg
plurality of 5%5%?%?% ?arga? %’S‘/s > s8 Pt hblaa%onprl sSing ﬁg s?eps of ;
a) sel ectitng physeasl dnetatep beoween| tbé bWoshepsy eavhbst eplbalated.
performng a PBS%'?“ -tdlwfed Ja%%%&%xg[ae eé‘ggtéﬁh?p I %tho?ngat%LSalkL'gL?Ieé eqf 1 g,
at time of execuiron of sald Step programon a specitic target’system at
| east ene t a=geapRBysteamspet 110 Stidh aageiShapPemt8anig (32pl Y2l T13). of
target system speciflc p i d sele t . ~ = | YUz
system specific stc'xkeﬁioé a%*z%\ %?%%%é}é'l ;S}%%he%a cg}tfeequoraa%%ﬁ‘fnrrté'l%\ey Isgrr‘?’g%#’\g
sai d prede=fi fedtfrentikeorthe »sai dpasition-acd pacbnércsel e _bul Eigpreaded
upon T un {4 meefapt epl 8o eViegupd Al 881 dobi M ARk £XeRb Al 0t 521 doSt QR
orogra_~:"or. sard Specifi ¢C arge‘f Systenm an ) prowé —ng at Pease one
target systenmspeering Shep ddisgiancei rdantieng Wed dtpd uhalesy dbrt angerle,
system speci f gy Skep ANHtAl C L Gel SUHLRARSFT S of CP G001 BE che
responsive to said at .east c:ne select e(‘j-’ step program step and to said run
time criteriaStéprpPsepsen ig Hfiquesstd openenyp Blgenk:bnlograiprédeteadiched

targe= system,bor 0Bt bMallsy RSOy rsdled RORHSH R NUNCLn3 @f Saled at
| east one selected step on said target system based on said run tine
criteria, 203, "PREABRf BcECRETEM e THAYRIY OF° devEREPFRgan executabl e step

program as clai medrhd fbaigph2: s6&s ejoh, spi g, specidd G et iy aPensS &
step program devel opnent system 14 The object oriented nethod of
devel opi ng ancEREEURABFE SteplBr §FtaFtasYELEMm¥d thn TESREMEI 2AMREMS kNPHd

specific targghysyshenpbs.8ishandkal ONe sY$s£M1 table or object to which
the two cameras are mounted on, and is created whenever a
25 step program is loaded into the system either on a host
computer or on a vision processor system. Once the position
of each hole or other image attribute in the step program in
Figure 9 has been converted by each SnapPartStep to a common
system of coordinates {the WorldPart) the Pt-Pt Distance
30 step 714 calculates the distance in WorlidPart units
{typically inches or millimeters) between the holes or other
image attributes.

The _refto field of every datum object (e.g. 622 of
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15. The objeot uriet~ted nethod of devel opi ng an executable step pr qur?np il
‘clainmed in claim 13, wherein said specific target syst=mis connecte 'f)

said step program devel opnent system -- |b. The object ori hod of
devel opi ng ‘59%%&8@3% abl e step programas clained in claim Ipﬁ&%e'f/{e@gnz sai d
target systemspec:irie step 24 12 S E P 2002 agent is optimzed/ to =sn
an associ ated step the fastest o ~. t?:e speci _ic target system 17. The

obj ect orient.ed nme~hod or,.devel ogzng_an eéecut abl e steg &ogr am as cl aé med
in clam 12~ & 7 s 2B EEcFPPREFLLGRS BFEYRTR | PP Yent PFi SBF eSHEP 427
Urirorm Res@itg@it40eaEt aindtUEly). aduties i« athene paaitk siepm odaganesat i ng
said step prqgram step_ includes ~dent.i_ vi said specific target system and
rhP name of tg%chs%{?%pQ%’Bebé: g’r ol n% t[sl'g?dvgggsgzﬁso tboﬁ‘g&sggyéjtygrﬁhe

uti ~i zi ng satkrspaciihigc thar getcsysdem fRihe aswkf wrdyramwherei n i nformati on
rel ated to each i d st L: 0 k~e perfornmed qQn sai d speci~ic .target system
can be a%cessed lSJE?'igluirzei ﬁeg %e H%e%\i’%%e V@Bybr%gvevsgfrqunf%. e %kiﬂee%ts of eZnt ed
nmet hod of devsjaoizeg .an Zaecod sibd eolsiesyt romm acvmsa it achetdren coblajexts,

| 3, wherein i.d generated step programi3.ruil ,a~~a ec?2i,Lec3 on_said step
pr ogram dev:ﬁ%olﬁrreﬁ ssflhs?“'enm%o3 ioér% ocﬁgPﬁaléﬁecoubjcfac dan gglod tarsggf)ssyas’f%m _
- 19 An ~hj Rramparsiiert ezbjesttrodtivdft deved opbngaan ndehiane \akgieot sste® priogr am
execut abl e g o] a uralyi qﬁﬁi | e sy i

met hod corrprgléscl%%é}lt h%?%\gespsag%: C%)lcé%é%rfol. 1{%_ It'é%\se%g%' onZEt' na hi(?l%llg? si on
step fram a dbistctof 6@RchiFpataiss onope ogrrammstneps redacknerc hinambeisi of2 3t ep

for perform ng g ededi ngd. UOELLONcafAGE MBEXnLEEeYT IO AP, {ougn

aut omat | caIIy‘se ecting, at tine of execution OP sal machi ne vi st on Step

program on &Ehdeciduteutsr-getAnyattamt datwnsin ohel § a¥ ¢RI e SR & Wpeicd fa ¢

step agent ZPtum whose _refto pointer is pointing to itself. Editor
object 630 serves as input to Host display object 640.

15 An immediate advantage of this structure 1s that a
connected datum, 1.e. a datum that is of the azinput or
resource type, can also keep its own value separate from the
one that 1s used when running. This is normally used to
store nominal values.

20 Since every object in & step program is named, it is
possible to construct a string, which uniquely describes the
pesition or address of a result datum in the program. This
allows a scripting language, or a formula for a spreadsheet
cell, tc build complex expressions that manipulate step data

25 directly after a step program has been executed. For
example, in Figure 2, the FindPinl step, step 116, locates a
pattern in the image and returns 1its position as a point
with two coordinates ({x,y}. This output point is called
“bestmatch” inside the FindPinl step. To manipulate the

30 point X coordinate from a script, an operator would simply

type, “FindPinl.BestPoint.x”. (Note that

“FindPinl.BestMatch” uniquely identifies this point in the

Step program.) The full address that is guaranteed to be
17
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12 SEP 2002 fromanong a plurality of target systemspecific step agddtSEP 2002
sai d selected target systemspecific step agent previously for
optimally péYQ?WWg sai d predefined function of said at | egﬁﬁéﬁeﬁgﬁél ected
machi ne vision Step based upon run tinme criteria reviewed at said tine of
execution of said machine vision step programon said specific target
systea,; and b) providing at |east one target system specific step engine

i ncluding sat@t@r&rafity of target systemspecific step agents, said target

system specific step engisi@nbespansiys é@tz?@dé&é}i dritdshoeReepel ect ed
machi ne vi sion step program sl ? o0 said run time criteria, for

sel ecting at |east one st2é’|5n§d§ﬁgtﬁﬁ Ebi‘?is’iﬁ@d'eﬁtee?ttﬁor’r@& #arget system for
optimally performng said predefined function of said at |east one selected
machi ne VISIOI’I st on said target em based on said rnn tipe criteria.
26 Al AP AL AR, ATRE ABSPRYS LG A, SURAGE 28 RS AAEORRLHOBEAR AL A
OQ]IC\/I?’ Al :[N thEYgi_i:é\r] 584155@%}1 &]B@ z&ro is: | cal | cal cal call cal call
N X~yt nhc? ca] ca] ca] cal calU cal.ca calca]ca]chalcalcalcal ca]lcal c
a] ca] caU] ca] c: a] ca] c*a] ca] c*a] TH Lglzpa‘d]ca% ¢AFcE tw §X[ gv- (+~Cd
~xsmhc”Y] ca] ca] ca] ca] caU] cal] calU] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] cal] ca] caULcalca a] calcalcalca . d
<! #HAH#HHASYR( (() L 0% 260 up?réd ZEJPTC & ]%% %a %a]h(?asjtca] c
a] c*a] cal ca@}’safma]l@a@@a'}ﬂxaqecﬁh]Ma}ba] vaktop ca}*gaeﬁesa:} cusfng] eathes] @] ca
] ca] ca ~0003§¥§£§4ﬂ5§9/3rzw¥ﬁ€7qzZ?on rocessor on board the host system

e e A O T S T

EE+E. E: ECEVEFEGREEEF Hldz.apkfsmpﬂo]xjueal] clayf capep]and}.ng] &h]scal ca

Lo 5503 alﬁd:ﬁ?%ﬁ?] Cﬁ?%@%ﬁ%ﬁﬁ BB oVl o Rt S | T eon] o
a] ca] caU] caUNBBYeEK] c AYt@HesEc a] By cabrd] ca?‘é‘d‘f%%lU] Embeddpda) é&@] c&i’EH ca]
gs\;\s\?] ca] cal P$b$§§sors J.nco\r]po]ra]ted] héarz:.n by referfen\c\e/\] it ]lS posjs:.ble ]

* S r NN X zupkf.a .L.ca] cal ca al ca
] ca] ca] cﬁ% ca]):(?a] %Iéf % ‘b}%a}‘l < 5%85%%%&]1851 c%}‘ga] ca% a]déq% gna] ca
]calca]cal | aﬁdrébbe@Bee@ae‘bb% fodt fd 4 S lfagyi-sigh hdrz upke aheEl] ced=saulten] ca

] ca] ca] ca] calgalcahea] cakaal,aakeal Cgkca]acal‘ﬁﬁ]]l% cahsatd AUl wad ica caldeal ca
] ca] ca] ca] cal?caI hhhiiiijjjj-JMNjjkkkkl TTTTTTT mmvnwnnnzupkfa\ W ]]ca] ca]ca]
ca] ca] ca] ca] €4P8afta] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca]
ca] ca] ca] ca] ca] ca![‘htpgpm@me@hqlaqdquqqqqdeesssvm@wDMWth‘éxmeqﬂdm\ W

|1cajcal ggl cg % ]agé cakeabealoal el o) s%a]rﬁ}@:%ﬁ\] qal crkegVheay salralaatdcal e

ajcalcalcalc ca ca a'xy yy"yly<y
{{i|}}CDZ\ wz§F6i cEFRf a R%Ef c AYHY| cﬁPBﬁT%’é&ﬁ%a}f@ﬂ%aP‘ca‘]’%} cHMFEa] ca
] ca] ca] ca] Ca]r&ahﬁabcadrca]:ﬁa] caea] crbbeasainalcabhea BA)_*oFl ¥ Bmote

} xsni dMYKT a\ ] ca cal cal ca ca] ca] ca] ca] ca] ca] ca] ca] caU] cal]
cal ca] cay ca}l}u‘% %E:/]t g]‘%ﬁfc ?C%T% ?éjl
- | Udef xzW 2MP\ cLgThevgEgB Xk aauvess] cbd c duwiecshespda) wakka) ehag cdrified c a

¥ fﬁ] caU% g% C@de%geh%&lé] ]cah%]a%]é]rcaé&&ﬁﬁ] &3] eal 4 cah&cwlsq@hc Ji‘ocessor |

I " hor ac X ca] cal ca caJc
a] ca] ca] ca] c @éfcac}%a}'bﬁ%%%] 85}’85}’88 cﬁ}'ﬁg} Lgﬁé t%?gheg %]‘% ]r]q'} Talc
a] ca] ca] ca] c&es4]. c Arciagd c@ma@eapsaiﬂcapcdpsa}.ag] wa]:bal]lca] évapcaa]aga] caj cdlea) c
a] ca] ca] ca] calal cad 2BeBy} '?]tQJ } % ,}galzea ﬁefaab ]«;Cr?el Rl ca

] ca] ca] ca] ca] ca].ca] ca] cal]ca] ca]ca]ca ajca ajJ cal ca ca- KhxV7
f 10928&' () - |}vg.s#f@o/@tﬁp|Ergg§§q)o/&xefutgng on’ the vision 'processor. For
#10%& (po! | tHBBEr(gsd bt ALY, ( LhebyRMBAAHIIR ;) - | #10%& ()-! #109%& () -

N ra0veE ), W@ff@%% R s g g e mapecesons

tep.
SnapShotStep.2PinFindStep.FindStepl.BestPoint.x
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1092Z& () - F* 8109@& () - "WUB-\ 1 | 3" #10%GGE () - ! y3" #100& ()-! 3" #10%) 7 SEp 2007
& ()-1k3#10%&' ()-!f 34100 ()- 1 k3#10%&' ()- 02MNOPA}rg\ =!' nL0% & ()- 10G'T
10G= 10%3&\4% 42 Y () -1 73"#10% PCT/US98/16062

& ()-13" #1000 TR 1) - 7 x<}[ 9g\ =1 | #Y#10% & ()-/1 Y#10% & ()-11 Y#10%
& () /'Y#lO‘%PP&' () /| " 10% & ()-10% & () - DH WU3g\ =! Y#10% | & ()-/! Y#10%ld& (
) -1 1 SYH#L09MN& () -/ ! YAL0%h& ()-/! YAL0%h& ()-/! Y#10% & ()-/:<XYZ[g}rg\=! 9Z
10%<& ()- 10t JQt,.d0t, @m

10% & ()-y8
10YR<R<& ()

TTO% & () -! YH#10% [V Y#10% t & =l A
-éli#lO&@Kﬂﬁ&P §Vé%1onProcessor§2twé¥kﬁgme/ identifies the

10L& () -\ﬂl‘é-l%hO%iﬁﬂ:é&sb): bbhlr& 162 sysren| )thd FcSH0%s<&ophectediuX6g\ =! | X

e - Bhioodbiet PR Hatts AEISHLS virie:
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WU3b@f f #10
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y%8t10%& () -
LSF10%& () -

10

15

20

25

30

rﬁwﬁﬁ system to call to get the value of the

R S MR Al a1 o £0-0

10<

| #10
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described earlier.

Step Program Portable Execution

Step programs can be hardware or software encoded and
can be executed on different CPU architectures and can take
advantage of hardware acceleration for image processing
operations at runtime. This is done by late-binding of a
step program to a hardware platform upon which it is to be
run.

In an object-oriented language, like C++, every object
that is allocated into memory also needs to be 1initialized.
Calling a special function of the object called a
constructor initializes an object. Because the step code
which implements the object functions or methods is part of
the application code running on that CPU and not part of the
step program saved on disk, it is possible to implement the
object or step functions differently depending on where the
object or step is loaded.

Figure 7 shows the techniques which are used at runtime
to efficiently execute & step program,.

1. The root of the step program is a special container
object called a Target object, which, when constructed,

1.e. when the step program 1is loaded into memory

causing the constructor method to be called, scans the

computer for hardware resources. In particular, image
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10%& ()-wBBCRAt runtime, the steps 650, Figure 7, which perform image

10 processing operations construct low-level software objects
called agents 652a-652c, to analyze the image. These
software agents are created using a technique called a late
binding method. Late binding is the process wherein the
step itself creates the software object(s) to perform the

15 processing operation (i.e. the image processing step). Late
binding is the process wherein executable code is
selected/generated from a number of possible executable code
sets based upon certain characteristics such as physical CPU
present, operating system, type of memory, etc., with a view

20 toward maximizing performance. In the present invention,
late binding is wutilized to optimize performance of the
image processing system based upon the physical location of
the image in the image memory.

As a result, the step program transparently supports a

25 number of runtime models. For example:

e The step program can be executed on a host CPU using
digitizer hardware, such as the digitizer described in
co-pending Provisional Patent Application No. 60/066,339
and previously filed U.S. Patent Application identified

30 as U. S. Patent Application No. 09/030,411 files Feb. 25,

1998 and entitled FLEXIBLE PROCESSING HARDWARE
ARCHITECTURE, both of which are incorporated herein by
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10/ 5 vision processor such as described in commonly-owned, co-
pending U.S. Patent Application No. 08/953,772

incorporated herein by reference.

¢« The step program can be executed on a target CPU board as

described in commonly-owned, co-pending U.S. Patent

10 Application No. 09/030,411, with the board plugged inside
the host CPU PCI bus.

e The step program can be executed on a standalone target
CPU board which is connected to the host CPU over a
network or not connected at all, as described in the

15 above-referenced U.S. Patent Application No. 09/030,411.

Modifications and substitutions by one of ordinary skill
in the art are considered to be within the scope of the
present invention which is not to be limited except by the
claims which follow.

20 What is claimed is:
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objects comprise: steps, which are combined to form said step program and
which comprise datums, including iﬂput datums, output datums and rescurce
datums; and editer cbjects, which create all views and user interface

controls.

3. The method as claimed In claim 2, wherein said editor objects
create all views and user interface controls using & Graphical User
Interface native to an operating system running on a target system upon

which said executable step program is loaded and run.

4, The method as claimed in e¢laim 2, further comprising the step
of:

assigniﬂg a globally unique identifier (GUID) to each step; and

storing each GUID in a database managed by an operating system on
said specific target system on which is to run the executable step

program, as well as in each step and datum itself.

51 The method as claimed in claim 4, wherein said children steps
are classified as: preprocessing steps, which are executed before their
associlated parent step; training steps, which assist an operator in
setting up step parameters; and post-processing steps, which are executcd

after their associated parent step.
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9. The method as claimed in claim 12,further including the step

of naming said at least one selected step of said step program including

combining a URL Interret address encoding to act as a unique address for

said at least one selected step program step.

10. The method as claimed in claim 6, wherein said step of
grouping said steps that perform related operations Ifurther comprises
including a reference list in each parent step, which lists the objects
that utilize a common datum or should be notified when object values are

changed.

11 The methed as claimed in claim 10, wherein said grouping
compriges including a reference member field in each datum object, which

connects inputs of one step to outputs of another step.

12. An object oriented method of developing a step program
executable on each one of a plurality of possible target systems, said
method comprising the steps of:

a) selecting at least one step from a list of steps, each step

for performing a predefined <function, each step for automatically
selecting, at time of execution of said step program on a specific
target system, at least cne target system specific step agent from among

a plurality of target system specific step agents, said selected target
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b) providing at least one target system specific step engine

including said plurality of target system specific step agents, said

target system specific step engine responsive te¢ said at least cne
selected step program step and to said run time criteria, for selecting

at least one step agent on said predetermined target system for

optimally performing said predefined function of said at least one

selected step on said target system based on said run time criteria,

13. The object oriented method of developing an executable step

program as claimed in claim ]12,wherein said specific target system is a

step program development systen,

14 The object oriented method of developing an executable step
program as claimed in claim 12 wherein said specific target system is a

stand alone system.

15. The object oriented method of developing an executable step
program as claimed in claim 13, wherein said specific target system is

connected to said step program development System.

- 16. The object oriernted method of developing an executable step

program as claimed in claim 12,wherein said target system specific slep
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identifiable by a Uniform Resource Locator (URL) address, and wherein
said step of generating said step program step includes identifying said
specific target system and the name of each step to be performed on said
speciific target system utilizing said specific target system URL, and
furzher wherein information related to each said slep Lo be performed on

said specific target system can be accessed utilizing a World Wide Web

browser.

18. The object oriented method of developing an executable step
program as claimed in claim 13,wherecin said generated step program ia
run and ediled on said step program development system prior to being

executed on said target system. -

19. An object oriented method of developing a machine vision
step program axecutable on each one of a plurality of possible
target systems, said method comprising the steps of:

a) selecting at least one machine vision step from a list of
machine vision program steps, each machine vision step for performing a
predefined function, each machine vision step for automatically
selecting, at time of execution of said machine vision step program on a

specific target system, at least one target system specific step agent
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specific target system; and
b) providing at least aone target system specific step engine

including said plurality of target system specific step agents, said

target system specific step engine responsive to said at 1lcast one
selected machine vision step program slep and to said run time criteria,

—

for selecting at least one stép agent on said predetermined target

system for optimally performing said predefined function of said at

least one selected machine vision step on said target system based on

sajid run time criteria.

26



