26/ 05/ 2006 SYSTENS AND METHODS FOR LI NKING A GRAPHI CAL DI SPLAY AND AN

TN- DI MENSI ONAL DATA STRUCTURE I N A GRAPHI CAL USER | NTERFACE 5 TE@MNSAR006 -
FI ELD The present invention is generally related to graphical displays in a
graphical wuser interface and, nore particularly, is related to systens and

met hods for linking a gr SW@MS@BDIME]MDSWGR@M{Q@@I dat a

st ructrlre ina grafh(m Pm@mm%ﬁmﬁ%ﬁméﬁﬁfﬁawmqm
rrently, a variety o frﬁqd;_a 0 Rg’hﬁﬁ nspecting

manuf acturing defects | n print Ci rAch;l t og@gﬁs[}%lﬁr# mgglfjlt boar ds

typi cal I~y i nclude one or nore electrical conponents (e.g., conputer chips,

capamtors etc.) 15 soldered to an mt&qrated circuit (IC) For many

years, the de facto process for BkPnted circuit board

assenbl i es included manual vi sual | nspection (M/I) after sol dering,

foll owed by an el ethe pratnttimemtios iscdenasally nelaied tal ptaphiest disigaysli€E)grapitical t he

end of the assenbly process to isolate any defects that occurred during

manuf act ur i NQusel HRESRkland, Bofel fagt cufleﬂqu &f&@éd tb %géterl’i@ﬁnd HitHo8s Yd’rrﬂnfk){'lotahat

the printed 20 circuit board operated properly before it was | ntegrated

t f I t d f boar d
naving mor e cRRRORaR S i lE B TR p .t FoRb ey e Eane

popul am Such inspection systenms typically conprise a printed circuit
board deling system an imging system and a control system Typically,
the nodeling systemis used to generate a conputer nodel 25 of a printed

circuit board that is to beBCKGROUNIEOF THE INWENTIOIY St em conpri ses
hagdware and/or software for capturing an image of the manufactured printed

crfcuit board. QUi Ya Véﬂé@/ﬁ%8§% %ﬁ%d%l’é&sa@s YA sl ¥orq£sﬂeg€19é ng

techni ques (e.g., x-ray,
manufacturing defects in printed circuit boards. Printed circuit boards typically

include one or more electrical components (e.g., computer chips, capacitors, efc.)

15 soldéred to an il;tegrated circuit (IC). For many years, tile de facto process for
production of printed circuit board assemblies included manual visual inspection
(MVTI) after soldering, followed by an electrical test, such as in-circuit testing (ICT), at
the end of the assembly process {o 1solate any defects that occurred during

manufacturing. Typically, a final functional test was Tun to verify that the printed

20 . circuit board operatea properly before it was integrated into a final product.
As the need for more compléx ijﬁnted circuit boards having more components
increased, automated inspection systems became popular. Such inspection systems
typically comprise a printed circuit board modeling system, an imaging system, and a
_6011’(1‘01 system. Typically, the modeling system is used to generate.a computer model
25_ _ of a printed circuit board that is to be mass-produced. The imaging system comprises
ha:rdware and/or éoftware for capturing an image of the manufactured printed circuit

board. Currently, image systems employ a variety of imaging techniques (e.g., x-12y,




5 optical, ultrasonic, thermal inmage, etc.). The control systemtypically
receives a.file .containing a conputer nodel of the particular pgisg®d2006
circuit board fromthe nodeling system Based on the conputer nodel, the
control system may generate an inspection programto be inplenmented by the

i magi ng syst efpricdiNBlnaB&RE Ghérdfa] RRAQ! &) MTYie BEntHs eoktéM tip1BAR racdivéuf fiiet ur ed
printed circuit board, which is based on the conputer nodel generated by

the nodeling system After. t ' j : [ . the
mnut act ur e Ghrktese ePBlict PpguT e Rt kOB S Bl Yhald o IR ARG e
conputer nodel to inspect for a variety of manufacturing defects (e.g.,
open sol der jS5ipis Baseben the WF%&]%WQ Sifﬁeﬁlhm%%é%eré%ﬁﬁé’ﬁé’ﬁ?tgﬁn
insufficient solder joints, 10 excess solder joints, reversed capacitors,
sol der bal | s, prephaen bedingdBmeanted)hy tonhaghe syeste nEhd mppeeien pegiram ntayrbeent
PCB i nspection systens typically enploy a graphical user interface to

assi st 4N gengLR{J iAthet BEndMERAGED HiintBl CREAMARA Behich 8561 8€ dampulre
i magi ng systemand for interfacing wth the PCB npdel i ng conmputer program

associated with the control, systemthat s orts the graphical [
interface, n'é?/Odfﬁ 88D e‘ihﬁhed%? 1 §¥ Sgﬁ'ﬁb %4 ﬁ§5@%§%¥%5%§m9r§%% gltljes i mage
objects in the graphical display. For instance, in the graphical display
of a nodel ofmasgsrafikeraryisetred Pratcdgipiibeand, thedmagsrany beeornpased i thy

i ncludes a portion for providing a graphical display conprising one or
more i mage obpmptiter widehoimgpectdbps vadsty bbmanefketnphe defebie (apdepemfoiddre
printed circuit board. The graphical user interface, and a 20 circuit

bogrd, the ongQr smsﬁniseﬁgl%oﬁabﬁaﬁsﬁ n‘i‘i@éli@@&'%rhé&eﬁts?ﬁ{sﬁfﬁ“di@rﬁ%ol@@ﬁ@&ﬁ@,nt_ on

t€ PCB, a pin oh a partictl.ar conmpdnent,” etc. For a nunber of redsons, it

may be .advant ageous.ta organi ze.i nfornati socjated . wth the sel ected
| mage 10b] eot ST FHASTGPIRTFAToo CEREIST foider PG GOlBT Bt user - 111 endly -
manner wi thin the graphical user interface. Nonethel ess, existing 25
systems do not pr &entel ysiessnsplenagted injcyrrenti{sh insheqtion; systgms &aucally t he
i ndustry for 26/05/2006 systens and nethods for |inking a graphical display
and an n-di nenglogradragltal vsérinetfacetol a3siat igrgepdrhidnd the Sespectidreprbgeen to be
implemented by the imaging system and for interfacing with the PCB modeling
system. The graphical user interface typically includes a portion for providing a
15 graphical display comprising one or more image objects which may comprise, for
example, the model of the printed circuit board. The graphical user interface, and a
3 "computer program associated with the control system that supports the graphical user
interface, may also be configured to enable a user to select various image dbj ects i
the graphical display. For instance, in the graphical display of a model of a printed
20 - circuit board, the one or more image objects may comprise a particular component on
the PCB, a pin on a particular component, etc.
For a number of reasons, it may be advantageous to organize information
associated with the selected mmage objects in the graphical display in a manageable

- and user-friendly manner within the graphical user interface. Nonetheless, existing

25 systems do not provide a means to do this. Thus, there is a need in the industry for




SUMVARY OF THE I NVENTION 5 The present invention provides systems and

met hods for | nki ng a graphical display and an n-di nensi onal dater 05/ 2
structure in a graphical user interface. One enbodi nent of the prZsen/ -.006

invention is a method for linking a graphical display and an n-di mensi onal

data struct ur gsietsamamaaRbdabr BEGAg h BERH{ACEIsSUPRAA bR H-dIenFortO AR er
application. Briefly described, one Ssuch nethod conprises the steps of: 10

provi ding a géﬁgﬂ%gﬁj &%ﬁ&cMQEQJEﬁﬁﬁmethe graphi cal user interface
conprising a firs ortton for providing a graphical display conprising
one or nore inmage objects and a second portion for providing an

n- di mensi onal data structure associated with the graphical display;
receiving a user selection of one of the inage objects in the first
portion of the graphical userSUMMARYE €F aRE pNpENTION t he n-di nensi onal
data structure 15 based on the selection of the inmage object. Another
enbodi ngnt of the ’H{rﬁ%@&bfm hﬂ\éﬁﬁﬁﬂ ;S}Bvﬂdés %fs?é?ﬁ@éﬁdelﬁeﬂ%@gfb@mud%m%ﬁﬁcaﬂ n a

conput er - r eadabl e um for |inkKing a dgraphical display and an n-

di nensi onal ruct ure i C user_interface,s orted by a
conput er appﬁﬁ%%?f%%lm@&ﬁ%??mxﬂ%ﬁ%$ %Eﬁ%HSH%a§H@ Wﬁﬁpg?%%gbgram
conprises logic 20 configured to: provide a graphlcal user interface, the
graphi cal user i nt‘& ERRoRBAFALShGRFetent irveptipn g BAtPS oL exgphical
graphi cal display conprising one or nore inage objects and a second

portion for plisplaydindgnandimetsioraisiacnatuctat in s braphichl &er A8 6Lk alygbrstibly t he
graphi cal display; receive a user selection of one of the inage objects in

Eﬁmf' rst pohtcoRpulth abfie-86RPREERA déh%ﬁ[)edl %ersﬁapﬁeﬁ@a%mﬂyés%@s& Cof? Zg

nsi onal data structure based on the selection of the'I nage ob
26/05/ 006 Ano r enbaodi ment o ese t |nvent is a syste or
kg o oPLNRS F ARCHRD Jros fifeliiven Bl s ) RS iatic e R ﬁ]ﬁt
gr aphi cal user |nterface supported by a corrputer appl i cation. Brl efly
descri bed, oREtVNJR rrpEiding & SivphicalalisplipefraprisinpprresBPIsguYey Phiscis end Rgur ed

to inplenent the logic, and a display device 5 configured to support the
gr aphi cal usegcondbpenioader problidogi 6-dirsersiuifal gath edudtore fRscvdtetewith the

V_graphical display; receiving a user selection of one of the image objects in the first
| portion of the graphical user interface; and populating the n-dimensional data structure
15 | based on the selection of the image object. |
Another embodiment of the present invention is a computer program

embodied in a computer-readable medium for linking a graphical display and an n-

dimensional data structure in a graphical user interface supported by a computer
application. Briéﬂy described, one such computer program coﬁaprises logic
20 - configured to: provide a graphical user interface, the graphical user interface
“comprising a first portion for providing a graphical display comprising one or more
image objects and a second portion for providing an n-dimensional data structure
associated with the graphical display; receive a user selection ;)f one of thé image
objects in the first portion of the graphical user interface; and populate the n-

- 25 dimensional data structure based on the selection of the image object.




a graphical user interface, the graphical user interface conprising a first
portion for providing a graphical display conprising one or nmohe A®g9006
objects and a second portion for providing an n-di nensi onal data structure
associated wth the graphical display;, receive a user selection of one of
the inmage objects AfothBeerhibddheR@ThhOfrednt fventéh ghapheedbr Ugghs knt er f ace;
and popul ate the n-di nensional data structure based on the selection of

the imge obj &Eﬁmc%ﬁ%ﬁ@ﬁ%ﬁ%@ 5 i dPRL DAY Satef SR SRy a & mﬁlgﬁ‘sﬁ%éﬁl ea.of the

present invention w econe apparent to one" In the art.
upon exam nation of the followi ng draw ngs and.detailed description. It is
i nt ended t hatS"BPP I ohe ‘é?iﬂ?‘%‘?rcﬂwﬁc@%t AT (ESerbef o Sir b SR SRR
advant ages be included within this description, be within the scope of the
present i nverdogions praekshig devive sonfagirey to e lemed dipalegicnandd dispisy ABREEF

DESCRI PTI ON OF THE DRAW NGS The i nvention can be better understood with

reference to dohfighel kOWppertdhe shamkildser hRefa60NPRNRELcSs tohfidiRedioaptoR @R are
not necessarily to scale, enphasis instead being pfaced upon clearly

illustrating.t 10Gl f 4th [ nt_.Lnvent | . s ' | he
drawi ngs, i I?ec’Jil fg%tﬁéedr] g%%:rgkt%ﬁfﬁ%f gfeﬁ ao‘gej}g?%%%‘%relm%g??ee%op rﬁff%g ﬁ;;%??gsmob Ecrnloughout
the several views. FIG 1 is. a block diagramof an enbodi nent of a system
in which a gPEPATRg2 sTaphuchl disPley COBPESEE OO CLFETS IRASE RIcs P i S6Fondhe
present invention maybe inplenented. 4 2.6/05/2006 5 FIG 2 is a screen
shot of an epbddinrfenprosfding gr adihesionat éata simbe@nfeaswciageineith thedrbyhitdie
graphi cal ‘display/data structure |linking systemof FIG 1. FIG 3 is a flow
chart illust BahlRordcbive aRelH eRELOH 6F orRRIRY inPdbe BNRLAN the HREPUOBALE iNe Of

t graphi cal diSplay/data structure linking systemof FIGS."1 and 2. FIG
4 illygtrate e [ t..of Fl in..which d t4u e _has
been oput ot BHer SEEBRBR, ipoblfie e ritpSinh B L LS Hhti

raphi cal displa ortion.
grap seqectl}gn o%the 1mage object.

Other systems, methods, features, and zidvantages of the present invention will
be or become apparent to one with skilllin the art upon examination of the following
drawings and detailed description. It is intended that all such additional systems,

15 methods, features, and advantages be included within this description, be within the

scope of the present invention, and be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention can be better understood with reference to the following
20 drawings. The components in the drawings are not necessarily to scale, emphasis
instead being placed upon clearly illustrating the principles of the present invention.
Moreover, in the drawings, like reference numerals designate corresponding parts
- throughout ﬁe several views,
FIG. 1 1s a block diagram of an embodiment of a system in which a graphical

25 - display/data structure linking system of the present invention may be implemented.

4




FIG 5 illustrates the screen shot of FIG 2 in which the data structure
has been popul ated in response to the selection of another imgegdyBLboios
the graphical display 10 portion. FIG 6 is a block diagram of another
enbodi mrent of a systemin which the graphical display/data structure

linking system of Fii® 2DEQseREn bHHY 8Pk eﬁba%éa@ofwﬂa %ﬁms%fdmt&ka%e 7is a
bl ock diagramillustrating a printed circuit board that may be

i nspected by a |IIustrat|ng a
printed ci rcu%{h%f)%%&d}?@ﬁ%fap%q %Eplawﬂ%ﬁég? %‘/‘9?%83? giﬁo& FIG 6, which
has a manufacturing defect. FI G 9 is a screen shot of another enbodi nent
of a graphical useFiG Rtiepilevechagdtestating thyarehitechrapMeEaondansiay / dat a
structure linking systemof FIGS. | and 3, 20 which may be inplenented in
the x-ray i nsfectdmiitycafithe glapsiysltdmlol/dffh GrudurelinRinbAlvkieR AIFSGR. PEh@OR. FI G
1 is a block diagramof a system 100 in which an enbodi nent of a graphical

di spl ays data structyy Q ilihdtetdddhs ?ée%réhétl&f ]]qb gﬁwﬁﬁﬁlslﬁ@tdaﬂans‘t’ﬁeﬁﬁfﬂas%& be

25 inpl enmented. In general, grap I cal display/data structure |inking system

110 ts 5 /2006 t erf. onfi
e Cer POt RpRAEERoond G Ron iF B i 0 5 T P B kB ay gt

structure linking system 110 provi des a graphi cal user | nt erface

conpri sing a Poptias portion 202 for providing a graphical di spl ay of one or
nore image objects 208, which may conprise, for exanple, a nodel of a :
printed 5 circuit HiGas dinsketes thesteg ehotl T RIE2 ¢ ahivthaht dgth spheireHasdeépdel
of a printed circuit board, the one or nore image obj ects 208 may conpri se

mﬁgrtl cul ar gﬁ@iﬁf}ﬁ%ﬁ'}esﬁ&s@?@me%i&%%ﬁ érfo%l'ﬂ%él sp‘%’)@é ectdn Bien%r léalrﬂ"i‘ﬁrpﬁémﬁ(ul ar

onent, a“sol der | etc ayldata st ture i ng
syste 110 al 51305{0\” des a second portion 204 for providing a data
structure as€8 ed with the graphical display. One of ordinary skill 10

inthe art will appreciate that the data structure nmay conprise any nunber
of G. 6 is a block diagram of another embodiment of a system in which the

gfaphical display/data structure linking system of the present invention may be
implemented.

FIG. 7 1s a block diagram illustrating a printed circuit board that may be

15 mspected by the system of FIG. 6.
FIG. 8 is a block diagram illustrating a printed circuit board that Iﬁay be
p:) : mspected by the systém of FIG. 6, which has a manufacturing defect.

FIG.91isa 'spreen shot of another embodiment of 2 graphical user interface

generated by the graphical display/data structure linking sy-istem of FIGS. 1 and 3,

20 which may be implemented in the X-ray inspection control system of FIG. 8.

DETAILED DESCRIPTION
FIG. 1 is a block diagram of a system 100 in which an embodiment of a
graphical display/data structure linking system 110 of the present invention may be

25 implemented. In general, graphical display/data structure linking system 110 supports




di rensions, and therefore may be referred to generally as an n-di nensi onal
data structure. As illustrated in FIG 2, the data structure mpy QpsphHi
data fields for one or nore variables. Thus, in one enbodi nent, the dapg)%
structure conprises a data table conprising one or nore rows of data
fields for ong: 6nieMhSer\iAetAR @Rfighfbadbl BEARILY St &EPOSL MilkhSed i rciat a
structure nmay conprise a list, anTarray, a recora, a file, or any other
schenme for organjzing.rel ated bieces. of infornmption.related to the inmage
obi ects in CheraPiAPE ts S tirking SRPTE HRuRS EEPhsR ey {urt her
conprise a cursor 206, by which a user may interact wth graphical

di spl ay/ dat a I&feFaea eymprisingld gl Rysoer)2 faproydias assanycahgispliy of kee elur sor
206 and selecting the imge objects 208 in the 20 graphical display 202.
The graphi calnadrs efagandhgedta@ER, Maychemap toraprisdtbr ek anple, popteiats grafedor ovi di ng
a nunber of other application services. As illustrated in FIG 2, the

raphi gal us A f .58 : 2l AsS a

PUber Jahor T e P o el e 2o D R % doun
2s Fi1 6. "BARTE: Megnaqq moro g spISc 208 T reftiss 4 PIHGG g comgpgEnt ggthe
described in nore detail bel ow, graphical displky/data structure |inking
system | 10 proigl gasuibhbedrdka pot eeenaninelal eangeonohi, & s0lde12081t ¢rc.t fsandicaphi cal
di splay and 5 the n-dinmensional data structure. In general, graphical
di spl ay/ dat adsplatieiatarseubinflinigng S¥SneM 0 alddpeAakk 8 Secdnd $RFHIdIO2BEECt | Mage
objects 208 in the graphical display. Based on the selection of inmage

bjects 208 in i ' sl el ISR F or
Phiing over b SEREH RSl I A AP IR o RS

W th rrespondi ng data assocjated wth the selected i mage object 208 10
Graphf(gal di?ﬁﬁ%ﬁ‘%&ﬂﬁ&pgﬁe?‘ﬁfﬁtb?téﬁ? AR SREC P SRBHOIRIISHAYY BEUPHpMenent ed i n

software, firmware, hardware, or a conbination thereof In the enbodi ment
i1l ustrated dimepsigns, 2nd Gresgfhicondy b syftreed td gesersliy asctur-dinhénsianabday st em 110
is inplemented in software, as an executable program which is executed by
a structure. As illustrated in FIG. 2, the data structure may comprise data fields for one
-oT more variables. Thus, in one embodiment, the data structure comprises a data table
comprising one or more rows of data fields for one or more variables. In alternative
15 embodiments, the data structure may comprise a list, an array, a record, a file, or any

other scheme for organizing related pieces of information related to the image objects

) in the graphical display. The graphical user interface may further comprise a cursor

2 06, by which a user may interact with graphical display/data structure linking system
110, such as by moving the cursor 206 and selecting the image objects 208 in the
20 graphical display 202.
| . The graphical user interface may comprise additional portions for providing a
. numbe_r of other application services. As illustrated in FIG. 2, the graphical user
interface may also comprise a tool bar that contains a number short-cuts for

implementing conmmon commands, as well as drop-down menus for implementing




processi ng device 102. Cenerally, in terns of hardware architecture, as
-shown in FIG 15 1, system 100 conprises a processing device 103, /MPHPLBO6
104, one or nore network interface devices 112, and one or nore input

and/ or output (1/0) devices 114 interconnected via a local interface 120.
System 100 MeyunfidlsnedaLQOMRE! SfeRRE 4008l “Eife?m%?fi‘t?”‘?’?euﬁot‘hislfllt,us“FBﬁIia?_d in
FIG 2. Re~ferring again to FIG™ 1, the various conponents of system 100
will be 20 deslcoro'sbee. Local interface 120 nmay be, for exanple but not
limted to, one oOf re buses or other wired or wirel ess connections. The
| ocal interface 120 may have additional elenents, which are omtted for
sinplicity, such afs ¢spibeslinanee dsteilthetow, granhitad isplapidatesticture pakingr s, and
receivers, to enable comunications. Furthernore, the local interface 120
may include aystersid peovitiesal Linlabetivesn thatimagooiiedt DONE the eeiidae didplay and
appropriate conmuni cati ons anong the aforenmenti oned conponents. 26/ 05/ 2006
Processs ng deyi £&; d arduar.e rgdeyi : >Uh | AR
particul arl y%%ﬁgigégt%édg%h@?t% mam)rey 1%%&&%%@%@@%% x@%%%%%&rﬁay B any
custom nmade aor , C rci.al | y-ayai |l abl e prqcessor,. a central processing unit
(CPY), an aui?’$‘F1§r138 Bﬂéﬁ%%seasé%r 1O, TR RS pCt indag pevhicabBraleedbaeth
system 100, a sem conductor 5 based m croprocessor (in the formof a

m crochi p or ogfihgpselestipn ohimagerobpretc¥siorthe graphigalnbspdayl, graphycal displep/dbtar
executing software instructions. As illustrated in FIG 1, nenory 104 may

conprise an opestate lhligusttem H0GutordReally phPlistef iRl d-Gididnodsal@fa staktire
graphi cal display/data structure |inking system 110. The architecture,

B e e T R e e Ay

inclu any one onbi,nati pn of volatile nmenory_el ements (e.g.,. random
accesgsmem)ry ( RA ap%é%tﬂlsgéy%%&hﬂm%ﬁ& nlg@szer%ﬁé@ My e dm tedin) e
menory elenments (e.g., ROM hard drive, tape, CDROV etc.). Menory 104 may

i ncor por at e &dfbware.damvare, hatyiveare.oor aopmitgedtiondhettol Intleembydienof st or age
medi a. Furthernore, nenory 104 15 may have a distributed architecture, in
whi ch var i oulueRapdREFIGS 1 ag:apBicilUBLR s/ AaNvenrkIRMQNS @A e, but can be

accessed by processing device 102.
implemented in software, as an executable program, which is executed by a
processing device 102. Generally, in terms of hardware architecture, as shown in FIG.
15 1, system 100 comprises a processing device 102, memory 104, one or more network
interface devices 112, and one or more input and/or output (VO) devices 114
) ' mterconnected via a lbcal interface 120. System 100 may further comprise additional )
components not illustrated in FIG. 2. |
- Referring again to FIG. 1, the various components of systen; 100 will be
20 described. Local interface 120 may be, for example but not limited to, one or more
buses or other wired or wireless connections. The local interface 120 may have
additional elements, v.v’hjch are omutted for simplicity, such as controllers, buffers
- {caches), drivers, repeaters, and receivers, to enable communjcatioﬁs. Furthermore,

the local interface 120 may include address, control, and/or data connections to enable

25 - appropriate communications among the aforementioned components.




The software i.n menpry 104 may include one or nore separate prograns, each
of which conprises executable instructions for inplenenting | oglzquo?/§006
functions. In the, exanple of FIG 1, the software in nmenory 104 inc

graphi cal display/data 20 structure |inking system 110 according to the

present inventi on.piyesming dkOke TBY is § HirbRal dCORP hSctutiild dodilate, RGkaALHAY
system 106 that controls the execution of ot her conput er prograns, such as

one or rore ARAldsa s8R aNc-ALARL 6Bl SPavhaata skt uciie |1k ng

system 110, an prow heduli'ng, i Apu e and data
nmanagement , nory managenent, and communi cation control and related 25
servi ces. 26/0@57012%% I bdeproprssey. ag e grosessing wre(GH ik ehadlatem 110
may be a source program executabl e program (object code), script, or any
ot her entity peowepsdr sinwgg aceed! ppbeessors bysucbicdmailt systeen Y, £ gemiednditien
inplenented as a source program then the programneeds to be translated

via a cpnpi | @ased&ﬁ&%ﬂ?b@ssor'(ﬁﬁﬁé P64 8F a mrodhiSof L6 set), amh&gpﬁ@%s&r offBY hot
be included within rrermry 104, so as to operate pfoperly in connection

W th operati urt he a al display/data structure
| i nki ng syst g‘%??f%%%ﬁ’y e vg; ?’tegﬁ{”ézsct%g’fag HPE'B?% % ori ented programmi ng

| anguage, which has cl asses of data and nethods, or (b) a procedure
progranm ng | angdeglustiedin s 1y wamprekd)4 mubramnTissas, oparanssysand06.ons,
for exanple but not 10 limted to, C, C++, Pascal, Basic, Fortran, Cobol,

Perl, Java, ancouare dptivaiidns ilns,eiﬂdaé@-@lﬂ@\lriiﬁpla§9daﬂalﬁ~uﬂawe Bﬂ{iﬁglyys&em{ilt@
configured to facilitate communication between system 100 and a

CO ni cati O'Fh@%tcﬂﬁééfurest%ﬁéf‘ ﬁ)?zhgncB’Hthn&mﬁhg #%%}?%a?@i%ﬁ?k%ﬂéﬁﬁﬁﬁge or

er data network inclu | nt er net net wor k,

iﬁf?ciﬁ net wbP Rk rtdhy 5% 1SS RO A0 SR S SR o

| nput / out put devi ces 114 may conprise any device configured to communicate
with |ocal ifReeTREdnation obvelagic weaonaslyments (4.2 rantpe ageesswanoniRADE at e
that, depending on the configuration of system 100, input/output devices
120 may i nclsudk as ARANMT SRAMS SIDRAWI Nge.))and ebherlatildevdt@s elsndetyfeqar d, a
mouse, display device, such-a
ROM, hard drive, tape, CDROM, efc.). Memory 104 may incorporate electronic,
magnetic, optical, and/or other types of storage media. Furthermore, memory 104
15 may have a distributed architecture, in which various components are situated remote
from one another, but can be accessed by processing device 102.
) The software in memory 104 may include one or more separate programs, each
of which comprises executable instructions for implementing logical functions. Inthe
example of FIG. 1, the software in memory 104 includes graphical display/data
20 structure hnking system 110 according to the present invention. Memory 104 may
further comprise a suitable operating system 106 that controls the execution of other
. computer programs, such as one or more applications 108 and graphical display/data
structure linking system 110, and provides scheduling, input-output control, file and

data management, mermory management, and communication control and related

25 . services.




20 conputer mpnitor, a serial port, a parallel port, a printer, speakers, a
m crophone, etc. As illustrated in FIG 1, system 100 may incl yge s g4
mani pul ati on device 116 and a display device 118. As stated abovZ, F200Y
graphi cal display/data structure |inking system 110 may be configured to

enabl e a user to sebrephicdlnigeayibjieahsn?O8nkingystahanlingaAl bedi sRt@WroQhHH On
of a graphical user interface via display device 118 and 25 cursor

mani pul ati on Ge¥hE®IdABarafDiecP f ' Yy il in the. artwll

?plolreci at e(9 26/ g5/ 2013)16@5 t%%esd?fds?%;ﬁ%@éf%{é ‘ﬁ?iﬁ%& 6305%% Sut“%vtei]%eﬁ)‘?fof ! heI
ol l owi ng (or . I es vi.ges . configured to suppor e graphica
user int erfacér%%égté%}%%geéperﬁﬁrﬂ?eﬁorﬁ% WP&%}PE}%@F 958 sureqpropTany thandhy, a

pl asma- based di spl ay, an LED based di splay, a touch-sensitive screen, such

as those i npl EFASHTBACSEAS 1D be trapilaed vrpuinyled ewscodder mtgpretar, peths tikal
digital assistant (PDA)), and any other known or future display device,

regar dl éss of whidhenaynstaniymsi®e di pdeayw 166 ROheYry Tou, kb es M&raté’%fo?@ﬂy
mani pul ation device 116 may conprise any i nput devi ¢e confi gured to

cooperate wt [ i 1Q erat i stem 106, ,and/ or. graphi cal
di spl ay/ dat a ?t(%ggt@%@g Wqﬁltnﬁl ngtljn §%¥ftgl% 1@0%&82%5%?’@? %al%éSPiaQ{dfgar

di spl ayed on the, di spl.ay devi 118. For exanpl e, cursor manipul ation 10
devi ce 116 may % mﬁﬁ@&miiﬁ) maybe FEKERR 35 (2)ars@yec rigpie gegronmin s

(e.g., arrow_keys), and a joystick stick, to name a few. During operation
of system 100d2nguage.prloelebasi dgserendi dat drdanethodsonf (tg urpedoddore @y g@tinging 0gi.C
stored within the nenory 104, to conmunicate data to and fromthe nenory

%3?" and to demgmat, Iwhiaozmsrrehﬁm,em&dmgs,%%Pﬁ&ﬁaﬁﬁ%ﬂ&gmgﬁ%@g%{ to the

software. Gaphical display/data structure linking syste and |
RS A 00, Bt AL M AU ARE L2 et
device 102, and then executed. I n enbodi nents where graphical display/data
structure |inking PréERCT devigsty)l d Rarrver any dssiceanegurad ta Bciditaen i n
FIG 1, graphical display/data structure 20 |inking system 110 may be
stored on anyoEBHPirEEen bewdabsioned)Qmd ocomseniytion nétwork, such as a public
or private packet-switched or other data network includin ¢ the Internet, a circuit
switched network, such as the public switched telephone network, a wireless network,
15 - an optical network, or any other desired communications infrastructure.
Input/output devices 1 i4 ﬁlay comprise any device-c.onﬁgured to communicate
\) with local interface 120. One of ordinary skill in the art will appreciate that,
depending on the configuration of system 100, input/output devices 120 may include
any of the following, or other, devices: a keyboard, a mouse, display device, such a
20 computer monitor, a serial port, a parallel port, a printer, speakers, a microphone, efc.
As illustrated in FIG. 1, syst_eﬁl 100 may include a cursor manipulation device
- 116 and a display device 118. As stated ébove, graphical display/data structure
linking system 110 may be configured to enable a user to select image objects 2018 ma

graphical display portion of a graphical user interface via display device 118 and

.25 - cursor manipulation device 116. Thus, one of ordinary skill in the art will appreciate




connection with any conputer related systemor nethod. In the context of
this docunent, a conputer-readabl e nmedium may be an el ectroni CQ@W@?@O@G
optical, or other physical device or nmeans that may contain or store a
conputer programfor use by or in connection with a conputer-related
system or net g disFa3Riieah 1 8Lsp AW, 7 £ 41 B stem 110
may be enbodi ed in%hy clorrputer?rceaggig% gn}rr%fc}%%&&éﬂﬁi&)&f@}}%@gg’?%%%f%gg%y or
in connection wdh an instruction. execution system apparatus, or device,
such as a conﬁ%ﬂééruf%d;@ g&pg@’gﬁxglﬁrap& 88g 6?7;?%%‘%‘/?’6 éicﬁmﬁt}ﬁ?ﬂf’é’ﬂlé% adiquisk grggtal
system t hat an fetch the instructions fromthe instruction execution
system appar #6508y (brDienlesna-bangd dicpbant an LEB-bassd displaiyomtsucibsdmsitivee
context of this docunment, a "conputer-readabl e nedium can be any neans

that can st orsreamgswlirs cidse imple@RAGE i pofilible LaRAPRAKEE déHsRE.LILPMHRL use by
or in connection with the instruction execution system apparatus, or

device.5The & i I anpl e but not limted
o, an ol eotr o AL AIPIR) SlEl uer B RE po hE PR oo
sem conduct or Séiéeg). a(ﬁglarat USI,’I 10 devi ce, or propagation nedium More
speci fic exanpr SROEY AR IRShRQIaLY.| Eyrfheghoten suTseignpipeletiore deien Bl oreay um
woul d include the follow ng: an electrical connection (electronic) having
one or nore \HOEPsIse aﬂﬁp@ipﬂh&VécmmﬁgUEd tdiceketdte withrgrepplicdtiond 03) @ieenine
access nmenory (RAM (electronic), a read-only nenmory (ROM (el ectronic),

an erasabl e pysigha0cpRidor easihen Hysz;@m&avsrhﬂ?]ﬁ@ﬂﬂcilﬁg% 190 2Bl 35 ry)

15 (electronic), an optical fiber (optical), and a poftable conpac I'SC

read-only ne e t eth t he conput er-readabl e medi um
Cegl d even bg%ﬁésﬁgr grq daé%?{?e(ﬁggsl%ﬁ ?%ﬁ@@eﬁ%ﬁ?‘ﬂﬁ@ﬁ%?%ﬁangi%r amis
print elﬁ, as t;he géfgr am can .be electronjcally captured, via for instance
optica scahﬁ?ﬂ@ e CPHBEse otk arrackeal] amet efmanigatap kexsde gi. atrewpr et ed
or otherw se_processed in a suitable manner if 20 necessary, and then
stored in a &empundr jnemtick ptick, o aktherrdawi ve enbodi nents where graphi cal

di splay/data structure linking system 110 is inplenented in hardware,

graphi cal di spl ayDuéihg opérati6h Uf st K00 9he processing device 102 is configured to

execute logic stored within the memory 104, to communicate data to and from the
memory 104, and to generally control operations of the system 100 pursuant to the
15 software. Graphical display/data structure linking system 110 aﬁd operating systerﬁ
106, in whole or in part, but typically the latter, are read by the processing device 102,
\) perhaps buffered within the processing devicé 102, and then executed. |
Tn embodiments where graphical display/data structure linking system 110 is
implemented in software, as is shown in FIG. 1, graphical display/;iata strocture
20 linking system 110 may be sto;'ed on any computer-readable medium for use by or in
connection with any computer related systeni or method. In the context of this
document, a computer-readable medium may be an electronic, magnetic, optical, or
other physical device or means that may contain or store a computer program for use
by or in connection with a computer—r.elated system or method. Graphical displéy/data _

25 structure linking system 110 may be embodied in any computer-readable medium for
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system 110 may be inplenmented with any or a conbination of the follow ng,
or other, technologies: a discrete logic circuit(s) having Iogiz'%/qjagpg oy
i npl enenting logic 25 functions upon data signals, an application specific
integrated circuit (ASIC) having 11 26/ 05/ 2006 appropriate conbi nati onal

| ogi ¢ gates, aspbpgriantiiceogat® arinancsn EREMon s’v},rsfein?,'a? alBfRUnAREl € gate
array (FPGA), etc. FIG 3 is a flowchart illustrating ﬂe architecture,

functionalityg, / 'k at i odi nent of graphical dis / dat a
structure |i nkiLc??E]!Eg g%pg%%f%%éd‘%gs%ﬁgﬁcga ' g%@%?%y/sﬁsggg‘ Ert?tﬁ%rtsﬁ?tgnﬁ% ki ng
system 110 begé nism?t bl ock 300. Gr@lghi cal .display/data structure |inking
system 110 ey b& Trifs P a0y fam s insugtioexerefi aresir, annaratugpr devicai n
enbodi nents, graphical display/data structure linking system 110 nay be

i mpl enent ed adnd&e¥eawe thegnstiysdionsray be cal | ed by operating system 106 and an
application 108. In alternative enbodi nents, the functionality of graphical

10 di spfay/ data stlubt tdedtiofkiin@ossdne LR IRY.rR e AHIasS* ¥ iHBD%p ment ed
within an application 108. In such enbodi meﬁt S, rgrgph?icaﬁﬁlzi saé]l ay gat a

structure |inki Laun the. computer a i cation_.at bl ock 302.
Regar dl ess oplﬁ %ﬂ% ﬁ%ﬁ%ﬁ%?@%@ﬁ“ﬁ%’ P%)pi%l? ’ioéﬁgﬁpoﬁﬁilﬁP@(g@%é%,usﬁk’ﬁﬁﬁi cal
di splay/data .structure |jnking system 110 provi des a graphical user
interface 15 IBSH?J?‘?CE?‘?‘]W% the RGN xEFHLIon Sy ey ARPRTRiIS oy fepes. cRlie di spl ay
and a second portion for providing an n-di nensional data structure
associ at ed wiceputes rgdalphinediun capbayfor edamphd Inlt edt lbieé to, khelgrapbj cal
di spl ay conprises one or nore i mage objects 208, which nmay be sel ected by
a yser. GCenemgdghytic, @Etittd]!ﬁﬂ&:h@ﬁia%&ﬁd} P&, %?é’mﬁﬁ:ﬁ‘%ﬁdc{brtsgﬁ%m,gﬁﬂagﬂt&@l

e’ 1'ndivi dual |y,

di#Spl ay portion of the graphical user interface that m

or 20 j@t herw . ni pul ated .py a user,. |1 mage obj ects may
conpr ilge teyﬁ?‘%c%ﬁ)gég@%g%@gﬁ?&é@?‘ %%r'e S%WE%W&%P%%&(&M ; @F%Jfﬁ]li‘%q’%e

di splay/data_structure linking system 110 may di splay a nodel of a printed
circuit boar ﬁ?mP‘rHteWﬁag?W%%émﬁhWOBWéﬂ@ﬁdc erellovinge anlsjestrics] eaupecttmpr i se a
particul ar conponent on the printed circuit board, a pin on a particular
conponent, a(sestmgaic) hoiing pnedrmoreuwirése b portshle thapaiat @isBétieUeidsheric), a

random access memory (RAM) (electronic), a read-only memory (ROM) (electronic),
an erasabie programmable read-only memory (EPROM, EEPROM, or Flash INEmory)
15 (clectronic), an optical fiber (optical), and a portable compact disc read-only memory
({CDROM) (oi::tical). Note that the computer-readable medium could even be paper or
) another suitable medium upoﬁ which the program is printed, as the program can be
electronically captured, via for instance optical scanning of the paper or other
mednm, then cbmpiled, interpreted or otherwise processed in a suitable manner if
20 necessary, énd then stored in a COIMpUter memory. |
In alternative embodiments where graphical display/data structure lIinking
- system 110 is implemented in hardware, graphical display/data structure Imking
system 110 may be implemented with any or a combination of the following, or other,
technologies: a discrete logic circuit(s) having logic gates for implementing logic

25 functions upon data signals, an application specific integrated circuit (ASIC) having

11




25 may conprise any nunber of dinensions. 12 26/05/2006 As stated above,
graphi cal display/data structure linking system 110 may be inpheygy edgge
seanl essly within a conmputer application. Accordingly, in such -

enbodi nents, at decision block 306, graphical display/data structure

l'i nki ng syst enipprbpfated ‘%b&'bﬁiaﬂ@ﬁal‘ﬁ@%% l6es LG o COMRIMHEE Uﬁg %gﬁg%%} 3 field

termnated. If the conputer application‘s“termnate

di spl ay/ dat a Ghur | i nki_n tem 110 term nates at block 308. If the
conput er appl ?%éig“tlﬂl onaiﬁ}lse gﬁ()etaqag’r(ﬁ?{ﬁét ’e‘ﬁc'(or in alternative enbodi nents

wher e graphical di %’El ay/data structure linking system 110 is not
i npl enent ed wi t hi nF{ke® e eharaplysirating thajrchiectdese fgictondlitn ekd/B810,
graphi cal display/data structure |inking system 110 determnm nes whet her an

i mage obj ect hpatih dearnseldentehitbyaphidilekplaldaandubreelifbhe sistdns 1 58l ect ed
by a user, at block 312, graphical display/data structure |I1nking system

110 aut gmat i cahdphiRORLpial/RS AR il ﬂf,';gﬁp | ryct Lth data
correspondi ng téﬂlt he g%l%ct ea(f i?raaee 0 j%%’%S.%IﬂIgﬁéﬁfl%tgbgg%ﬁ@d&ﬁagmﬁ%t

sel ect ed, decjsion. bl ocks 306.and/ or 310 may be repeated. Wth reference to
the screen s h%lg %19%/# 9[& F@iquﬁﬂ‘an@ya?ﬂéh%ﬁﬁé% HEBEIEY &Y 2aisgr bp AR ERY deyicsr
interface, a particul ar enbodi nent of graphical display/data structure

li nki ng syst ehh®1 1 cGitaip epbodimeanty, igeaphica] displayAdbtassuc@atelintihesystne 10 mapt  of
FIG 2 during operation of graphical display/data structure |inking system

110. As st at e inphoventedysapfincadn tasihpyé Salcd SdpsedinayhitnKioRIng ust em 110

enabl es a user to select one or nore of the imge objeCts 208 in the
oo cal o sabmAETon o oneadn AeLGL ORI IIRCGRRLERLZO0 o
Sel ect . - For LHAGHEr war LRt Sh6u 1ma 14 ssad s bdmplenmmesd witigeaphi cal
di splay/data structure linking system 110 nay highlight or change the
col or of the 2BRY@HPRE0S.nngRich Isdotim @08 grapBicabdieplap@at structure linking system
may Jaunch the computer application at block 302.
Regardless of the manner in which it is iﬁitiated, at block 304, graphical
display/data structure linking system 110 provides a graphical user interface
15 comprising a first portion for providing a graphical display and 2 second portion for
| providing an n-dimensional data structure associated with the graphical display. As
) stated above, the graphical display comprises one or more image objects 208, which
may be selected by a ﬁser. Generally, an image o‘bj ect may be any litem in the
graphical display portion of .the' graphical user interface that may be individually, or
20 otherwise, selected and manipulated by a user. Image objects may comprise text,
shapes, pictures, efc. By way of example, graphical display/data structure linking
system 110 may display a model of a printed circuit boa.rd, in which case the one or
more image objects may comprise a particular component on the printed circuit board,

4 pin on a particular component, a solder joint, ezc. F urthermore, the data structure

- 25 may comprise any number of dimensions.
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Furthernmore, graphical display/data structure |inking system 110 nmay

automatically "popul-ate the data structure with data correspondi
sel ected 'inmage object 208. For exanple, as illustrated in FIG B%/Q%BSOG
sel ected i nage object 20 may have three types of data associated with it,

each type correspongi riable 1. variable 2. and variable 3. The
sel ected i nage obj %&%B%an%%’ %%eiém?lh%s %?f/‘?%wqﬂﬁtﬁﬁg@ﬁln&s‘ﬁf@?]altl@dnw Ren each
of the variabl.es;: variable 1 = A ; variable 2 = 8, and variable 3 = 0.079.
In this manne/=PEAERICIEAIrEYS voliike rompuisanplicatn. ghegphlingy, idissgl ay/ dat a
structure linking system 110 may autonatically popul ate the correspondi ng
data strictucsbadintentshet deopsiopbloalt 206 ataphival dibplky/Gata BrrhbeStikat L5/ slhe

screen shot of FIG 4 in which the data structure has been popul ated in

response to the) d&beshbon ' ' LWl ustrated in
p A e R L

FIG 5, the second i nage object 208 se as t

associ aged wi B : t.h ariables: variable 1 = A3, variable 2 = 3;
and variabl e éﬂbéw%% &g =8T%°3“a‘faﬁ§%1&¥@?1ﬁa|sffiuﬁﬂ%lénl~aﬂg sygian 1 Hppr eci at e
that the data, associated with i mage objects 208 15 that is used to popul ate
the data st ruETHTEERAIbIeehpPs. S thasorepiter apBljcatioy inhotdwamipited (oran | mage

obj ect 208 maybe identified with a specific |location (e.g., an x |ocation

and a y | ocatlicomtive embgdiitbntanivhdyt graphRabliaghy/aah SR AM MG HenPI 10 is
corresponding location in an external system The inmage object 208 may

popul ate the Gat o Srrict oot AP R RutY 5 SETa TR DA REERT g

popul ate the data structure nay I i mage
obj ects 208. e, the image object may have various attributes.
TELS, when ar‘n@%@%@; ughre 5@%|S§%?I€d,18§1ﬁ3?n8ﬁeﬁ Rdethst an Esagscabacehas wit h

t he ir@ge object, or other data, may be used to popul ate the correspondi ng

data '$truct §F& ée@“&'&lﬁ%ﬁa‘ﬂseﬁi Hpnayagaokjedtis seatedby & nkdrng bycktam 110 nay be
inplenented in a 25 variety of other systenms and/or a variety of conputer

?IE]) gl i cat i ons graphical dsplsy/dath Istradtuiedlink®d O/5280 61 (041G 091 Ip@g &L @p SO0 for
pecting manufacturing defects in printed circuit boards, In which
graphi cal di gpheayiotat BuSdthidelrt WG da%&d?ﬁsﬁyfdtn?gr?o]t%g sdlBYed fnage object. If an

1Image object is not selected, decision blocks 306 and/or 3 10 may be repeated.

With reference to the screen shots of FIGS. 4 and 5 of 2 representati;fe

15 graphical user interface, a particular embodiment of graphical display/data structure
linking system 110 will be described. FIG. 4 illustrates the screen shot of FIG. 2
\:} ~ during operation of graphical display/data structure linking system 110. As stated

above, graphical display/data structure linking system 110 enables a user to select one
or more of the image objects 208 in the graphical display 202 via cursor 206. After an
.20 image object 208 is selected, graphical display/data structure linking system 110 may
visually distinguish the selected image object to indicate that it has been selected. For

instance, in the embodiment illustrated in FIG. 4, graphical display/data structure

- linking system 110 may highlight or change the color of the selected tmage object

208.




i npl emented. System 600 conprises a printed circuit board nodeling system

602, an x-ray inspection control system 604, an x-ray inmagi ng _
and a printed 5 circuit board 610. In general, PCB nodeling sys%ﬁégﬁoﬁog
system for generating a conputer nodel of a printed circuit board. PCB

model i ng syst em 602 pgBY¥eRE, r..later devel.oped conputer-aided
design (CAD) system cap%bl éé aprrh%%g%%y/d%tﬁﬁg?wgw Fﬁfeghnljmlﬂélﬁit board.

FIGS. 7 and 8 %ﬁtb#ﬁ%'r e ch%ss-s ctional diagrams of a printed circuit
board 610 10 fha rlr%@fyﬁf‘éjp trihe data sirpgucB thde cpmespoyding i 88 2ckaced

i nspected using system 600. As illustrated in FIG 7, printed circuit
board 610 may E®A#SEbisst 20% oipenemple, ZGllustervidig RKIGe 40te RBleQePimsoe iMkct 20
Conmponent 700 may conprise any type of electrical conponent for ichit
i s desirabl e tmaghideahreeayges BEBts URBERL RSP 0192, Lncl ydes
an underlying integrated circuit (1C) that1 CO’IT%I’I S g%gp%%lﬁ’ggﬁ%i”tt?/‘i%%g‘? lf
term natfon pojapks] HGnd i T8, be.sol.dered o t pins 704 during the
manuf act uri ng procgss. Aswﬁjllﬁ%?bu"s'traetsee C?erqlff’la§0 SCeltd THEY bave thetnlioaéegdatag
process, compopent 700. rra%ilr be electrically connected to the term nation
poi nts 706 on TH&3RvERFatofithe vaymbley; variableol dekl; vgriatie 8 &lanB08rialtH G= 8
illustrates printed circuit board 610 after the 20 sol dering process. By
way of exanpl &078udn Hys vheneawhémiht imb e et ¢esBected! afdphl @bplafiglgcts may
result. For instance, in FIG 8, the left-nost pin 704 nmay have a sol dering
defect (repr estmntted Hakidgesd eBN0® MM R 21837 ordinary skill in the
art will appreciate that ygt:]y of tHhe f%ﬁiow %ng{gﬁfegpﬁg?{resagq(ﬁgggatﬁay occur
duning the napukaetHn 8ss. _.open solder joints, shorts, mssing
é-ggponent s, msalli g&lﬁeghgg/agéﬁ%%%‘%%%ponent s, insufficient solder joints,
excessygol der j oi reversed_ capacitors, solder balls, solder voids,

etc. X-fay inmagi ng‘hz'ﬂ?étl e e AprInsdet PIEE. dgn vehidwirel aanthonrsistivay e

for capturing an x-ray image of a manufactured printed circuit board. One
of ordinary BPpylted inirasponss @rthe Wld:dtioﬁl@pﬁ@:ﬁh@{iﬁlak@%'bje%b’ﬁéﬁ%561@19151??:&]'1ﬁ-m)| oy
€ ,

any of a variety of other types of immging techniques (e.g., optica
ul trasonic, tHiGr Sjpthe s8088 im8ESobject 508 Wlected has the following data associated with
each of the variables: variable 1 = A3; varigble 2 = 3; and variable 3 = 3..140. One of
ordinary skill in the art will appreciate that the data associated with image objects 208
15 that is used to populate the data structure may comprise any data. By way of example

an image object 208 may be identified with a specific location (e.g., an x location and

a y location on a grid) within the graphical display and/or a cotresponding location in

T

an external system. The image object 208 may also be associated wifh other image
objects 208. Some of the data used to popﬁlate the data structure may identify the
20 association between image objects 208. Furthermore, the image object may have
various attributes. Thus, when an image object is selected, any of the data associated
w?th the image object, or other data, may be used to populate the corresponding data
structure.
Graphical display/data structure linking system 110 may be implemented ina

25 variety of other sys_té_ms and/or a variety of computer applications. FIG. 6 is a block
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i nspection control system 604 interfaces with PCB nodeling system 602 and
X-ray imaging system 606. For instance, X-ray inspection contraql

604 may receive a file containing a conputer nodel of a parti 02I6£é/%2§m066d
circuit board from PCB 10 nodel i ng system 602. Based on the computer nodel
X-ray inspection confrol %% bﬁ .604 nmmy generate an_inspection programto
be i npl ement ed 4%t &5 3 gfg@wgﬂﬁ‘g wapifagpEng defses i pAntpd ieEm naybe
used to image_a manufactured printed circuit board, which is based on the
conput er nodePoydnan athich BppiPCB displiotdatrystaystre tinkiGO 2ystéfitled ngarier at i ng

i mges of the manufactured printed circuit board, the inmages 15 nmay be

conpared to theplemenieteSy@eael00compAsRaciifed cife@sd-ad iﬁoa&m{é%weﬁ%qﬁ LAY
defects (e.g., open solder joints, short's, m ssing conponent’s, m sal I gned

ts, {nsuifick | Qiant excess.sol der joint reversed
Capaci tore. shranr et P Lo R gEheh ool A - BRRUE R Bl pide PRt o,
X-ray impspecti.on.qgont stem 604 _may i nplenment 20 graphi cal _
di spl ay? dat a €% OGYCQ?#Q' ﬁ%igﬁﬁe@y@ {Emoddimgsysemc02iis a sygseraveor gemerating a
i nspection process and facilitate generation of the inspection program
provi ded to xcompptérmaedehgf a pristed wir@6boAd. BEBCmbbeltheakored qensspbd dny
graphi cal display/data structure |linking system 110 supports a graphical

user interf ad@osarndriiger @sheided cHhEHRERIION d&!i%x?g%gp? &stem l;ﬂ;;ﬂy &*}uédelliﬁg he

graphi cal display maybe |inked to an n-di nen tructure.

25 enbodi nment, ., [ a in 6, graphical display/data structure

I i nki ng systgﬁ#k%%§¥g%%%%6%Taﬁbgﬁ?5 in FIG 9, the printed circuit board
nmodel may conpri se. | e objects 904 (e.g., a particular conponent on the
pj nted circuit bg:ét’g? 7 anfgﬁ allesirate grasstseetinmal degrapprafiatprinted enfuderoajdb it
etc.). Imge objects 904 that have been selected are represented by may be
confi gér ed t thalimspylteynedsiatetingPCR npsdelihg dystirh GOD tan@mfyébtédhﬁiﬂggﬁf@@hi cal
di splay portion. For instance, in the graphical display of a nodel of a

printed circegpd. Abodisthateing P‘P@.ez,%@&r&chﬁg%g%jogﬁégcdﬁﬁ%%@Eﬂ@%

particul ar conponent on the printed circuit board,
conponent, a7§(9hgﬁ_1r1g bid ggmo%tp(iﬁs %11 O(E(Sjnquo&e?lt 700 may comprise any type of

&
icul ar

- electrical component for which it is desirable to soider to a PCB substrate 702. PCB
substrate 702 includes an underlying integrated circuit (IC) that comprises a plurality

15 of termination points 706, which may be soldered to the pins 704 during the
manufacturing procéss.

) E As illustrated in FIG. 8, during the fnanufacturing process, component 700
may be electrically connected to the termination points 706 611 the PCB substrate 702
via a soldering material 800. FIG. § illustrates printed c.ircuit board 610 after the

20 soldering process. By way of example, during the manufacturing process a variety of
defects may result. For instance, in FIG. 8, the left-most pin 704 may have a soldering
ﬁefect (represented by reference numeral 802). One of ordinary skill in the art will
appreciate that any of the following, or other, defects may occur during the

manufacturing process: open solder joints, shorts, missing components, misaligned

15




gener ate the i nspection programused to i nrage a manufactured printed

circuit board,” which is based on the displayed conputer nodel, gg/%og}ésl
di splay/data structure 1linking system 110 enables a user to seP8U N Qrs_
nore of the inage objects of the printed circuit board. Based on the

sel ection of rilcul L mage object (e.g., one of the pins), graphical
di spl ay/ dat a gctor 8@’3‘#5 Iﬁ“ﬁﬁ?ﬁg S%&%@W&fé‘:%éwiéﬁlt.@ﬁ%ir%‘@rﬂegi capaspiorsas@ldehe
n- di nensi onal gﬁta Istruc_ture with data corresponding to the selected inmge
object. FIG dailg sgldspyoids emot 900 of anot her embodi ment of a gr aphi cal
user interface generated by graphical display/data structure |inking
system 110 and whi Ghrayeimapimg sistith @UBRbEMTIEE HabERY HaRFREE Ik D5 &?&;arrgforsyst em
604. The graphical user interface may conprise a portion 902 for

S0 L O PR,

descri bed above, the graphical user |nter

dat a stgucturgﬁll%?gieaﬁherf nmul tié)l e data structures 908 are included,
graphi cal di splayl d5ta S PGS ahRisky QYL meremalpyans @Ak Myridyst ofigni sh
sel ected i mage objects. 906 by color coding themto the correspondi ng data

struct ure 908PEHRS imagisgteataiques (e.g yortivel, eltbsohicehérmidi iisdd, atced StpayFl G 9,
the data structures 908 conprise data tables corresponding to various

Ali gnment G duspecties omital eghtoth G504 Kriér@iech WARIFTS n%ﬁi@&’g;%%}gfg@o%ﬁﬁi‘er mor €,

each data structure 908 may include the follow ng Varrabl es:
varjable; a

a "device" i watde diad s Lable: an " Xl ocation" )
"Yl oc\z;!t i on" V\%giﬁ ?ggl%g?tégr@aa%pgé%%éX'f\%FfSBB‘ft@.n CBBftr!&] YR s By S8iVaAd t he

i rege obj ectgy gorﬁ may be |inked as described above. It should be
épbhasi zed t hat -1 @”H%&Fé’!%’é%mﬁéhomwpm@t@d cigpuaidviavhfrom BCBpl ay/ dat a

struct l,dre | i nki ng system 110, particularly, any "described" enbodi nents,
are mevely pB¥SEBreswiampidsBukd omphecmmiutn odel, Xefyahibesdn ERttd s§Em @

cl ear understanding of the principles of the invention. Many variations

Ienti on v houe oear o e e AR R R B, L0°
of the invenso@NThe¥nkpetHb program may be used to image a manufactured printed circuit
board, which is based on the computer model generated by PCB modeling system
602. After generating images of the manufactured printed circuit board, the images
15 may be compared to the computer model to inspect for a variety of manufacturing
defects_s (e.g., open solder joints, shorts, missing components, misaligned components,
2\') ' insufficient §o]der Joints, excess solder joints, reversed capacitors, solder balls, solder
voids, erc).
As illustrated in FIG. 6, x-ray mspection control system 604 may implement
- 20 graphical display/data structure linking system 110 in order to improve the inspection
process and facilitate generation of the inspection progrém provided to x-ray iméging
system 606. As described above generally, graphical display/daté structure linking
System 110 supports a graphical user interface conﬁgured for interaction with a user,

in which a graphical display may be linked to an n-dimensional data structure . In the

25 embodiment jl}usﬁ*ated in FIG. 6, graphical display/data structure linking syﬁ‘tem 110

16




10 nodifications and variations are intended to be included herein within
the scope of this disclosure and protected by the followng clains. _is
26/ 05/ 2006 19 What is clained is: 1. A method for |inking agra?rﬁ?ﬁ@éi’zoos
di spl ay and an n-di nensional data 5 structure in a graphical user

I nterface sup d by a uter a Ication, the nethod conprising the
steps of: pro@? %‘{‘ﬁegwé%&w%%ﬁﬁﬁ@ég&k% f PEEEd ctipelt hpargin gl erephagal
interface conprising a first portion for providing a graphical display
conpri si ng ong&é’ﬂa}’ hibien | ngestatsieeinttbe gisphhvabdisgleast a modelafl dfimddwasit
objects conprising a pin 10 soldered to the printed circuit board, and a
second porti ofofdy theromeiot imdge Afage-obfHchRnS) EApridal PrSlUidGoHy %n@l?[%?lh%@t ed

wi th the graphical display; receiving a user selection of orPe 0 e i mage
obj ects in therkie ot l.gn raphical user interface; and

popul ati ng thg ngl%?rrg%gp%ér{% aé’g{%ﬁ g??lglgﬁﬁ eBRYE E&ﬁoﬁ‘?@%@ Bt %bﬂrdéﬁot he

15 i magg obj egtﬁer\/{hﬁ{ei n the graphi cal display conprises a nodel of a
print ed~ci r cuPt " HoId IEHPPS BoStrd HESddp Tnaged B pieradsprivded eitpudirtant, nor e

pins soldered to the printed circuit board, and wherein the step of

popul ating t h¥hishds hessdioolad displayesl cormpmodruned e, GERitice gisprRrdast ithgrd-be
n- di mensi onal data structure with a pin 20 nunber associated with the pin.

25 2. The methrdtngyseingi 10 duabMianRbitolBRces R ok BT Bl {IGe BpliSgloeRel ecti on
of one of the inmage objects in the first portion is via & cursor

mani pul at ed ; paiaINit he yret.hod .of.claim 1, erein the step of
popul ati ng tﬁ%fuﬁ?ddi rrengqogﬁdal Eageéitoél tg? P?}E‘Eti?ﬁeoa%dﬁﬁtﬂ‘i“i%émﬁg‘bﬁﬁ’ﬁ?ﬁ (fg--tone of

n--di nensionalthdata)strﬁlct re with o
- : € pins), grapmcal display/data structure linking system 110 may automatically

10 populate the n-dimensional data structure with data corresponding to the selected
Image object.

FIG. 9 is a screen shot 900 of another embodiment of a graphical user interface
generated by graphical display/data structure Imking system 110 and which may be
implemented in x-ray inspection control system 604. The graphical user interface may

I3 comprise a portion 902 for displaying the printed circuit board model. As illustrated
in FIG. 9, the printed circu;'t board model may comprise image objects 904 (e.g., a

particular component on the printed circuit board, apin on a particular component, a -

- solder joint, etc.). Image objects 904 that have been selected are represented by
' numeral 906. As described above, the graphical user interface may cOmprise one or
) 20 ' ..moi-e data structures 908. .Where multiple data structures 908 aré included, graphicél
display/data structure linking system may visuaily distinguish selected image objects
906 by color coding them to the corresponding data structure 908 that it populates.
In the embodiment illustrated in FIG. 9, the data structures 908 comprise data
- tables corresponding to various Alignment Groups associated with x-ray imaging

25 system 606. Furthermore, each data structure 908 may include the following

17




information corresponding to the location of the i mage object selected. 30
4. The nethod of claim1, wherein the step of populating the n-gi [?e(gk\ﬁnal _
data structure conprises popul ating the n-di nensional data stru Our PR 6
information related to a conponent associated with the pin. 5. A conputer
progr am enbodi, Fn.a.conput er-readabl e medium for 35 |inking a graphical
di spl ay and akg%b&?sh%ng?‘gﬁealva&ﬁélﬁ;%t st Uraahly ag éﬂ%ﬁﬁp’éawl@gﬁé ajnterface
supported by a _conputer application, the conputer program 26/05/2006 20
conpri si ng | ogY Oceewy i Guirkls: et a Prwthcdevariapiaphite struases 90het thadmagd he
graphical user interface conprising a first portion for providing a

graphi cal di sphjegts 80apnaydengkedss discribddl Solvgage objects with at | east one
of the imge objects conprising a pin 5 soldered to the printed circuit

board, and a secongd ;pankLeR : .dj an n _di.nmensional data structure
associated with the gr aph?cg&ﬂ%ﬁlé%lﬁgét,%?g%oé‘fiev%sgj%ggplbé’g%%g‘? ZgRhicHe of
the i e objects in the first portion of the graphical user interface;
and p%l at e Cﬁﬂ’éa%@%f‘ ﬁ%ﬂ“sﬂ%&ﬁ& vatent ik partisulsay canyodetcnbed egrakadimentsf  t he
i mge obj ect, wherein the graphical display conprises a nodel of .a printed
circuit boarde BGHiY Peisige oremes oitineplanemativen] Mefeivien Gronfr 8ciedPr € pi NS
soldered to the printed circuit board, and wherein the logic is further

configured t anpeaptahaing of theyritctl 1SRN ThO RRnfR. Avishy ?&'ﬁ(’zd[ﬂgﬁs Eﬂé& o) mﬁifﬂ%@oﬂu mher

associated with the pin. 6. The conputer programo I'm wherei n -t he
logic is fur i j o recei,ve.a user selection.of one of the
i mge obj ect Esljpdi%n eﬁﬁége;tlg?é?egnﬁg%ﬁe%cﬁj \;figmgod%@g@f O@H%"ﬁpﬁ?%ﬁqtb?ma nouse. 7.

The conput er ogramof claimb5, wherein the logic is further configured
toj popul at e PMW%%P@&H]O@%%S@FMWWM ¢f thafroleraen. oAllsoelr espondi ng

to the location:of the inmage object selected.
10 modifications and variations are intended to be included herein within the scope of

this disclosure and protected by the following claims.
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8. The computer programof claimb5, wherein the logic is further configured
25 to popul ate the n-di nensional data structure with infornation related to
a conponent associated with the pin. 9. A systemfor |inking azé/ 89106
di splay and an n-di nmensional data structure in a graphical user interface
supported by a conputer application, the 30 system conprising: a nmeans for
provi ding a graphical user interface, ithe graphical user interface
conprising a first portion for providing a graphical display conprising

one or nore inmage objects with at |east one of the inmage objects conprising
a pin sol déVha s ¢aifed i$rinted circuit "board, and a second portion for

provi ding an n- 35 dinensional data structure associated wth the graphical

di splay, a means for receiving a user, selection pof one. of L.tAage obj ects
in the 26/ 092008 method; Wét"“b‘ggtq gr@p&rcafﬂgpéyaﬂ}ﬂoé& n"g'éneernsibﬁ-@eéﬁce; and a
means f ok papliale inG §rapnibal UisBEREMata bughditad Y raucdnputerbapplicition, thee

sel ection of the image object, wherein the graphical display conprises a

model of a prathrdeepnarisingithe s8PH8far d conprising one or nmore conponent s

having one or mMOLeWRIiHY ascgr,;gi,gﬁ@i tser inkefaps,i Mheedhraphicali usdvodtaifagad wherein
the neans for popul ating the n-di nensi ona

) ) | . dat tru . | at es t he
n- di mensi on&PmMpdsing ¢ frsicpertien f@rtAOYIpY P HE?RB@S] 5"3@2’685@5@“#? % (_’?he pin. 10
10. The sysfr@ﬁé Ghagd BbjetR wit18f Riast bt ofthanisnaiger otjents! lcatpriging Repin-
di mensi onal data siructure popul ate tr}jg n-diqra}ensri.on I q@}l&ncqstaﬁ cture with
i nf or matlPon seldpred dp dheIPAREE GIrtwePPRR R0 SEFOTHR® '%g’é RO €t “sel ected. 11.
g.he system ai(‘gnéthls%htm o%tat. ¥hehak %sf&t?t‘é@?iﬁﬂh%@éammwiaplbycg the n- 15 -
diyrensi ona ata structure popul ate n- di nensi.ona ucture wt
i-af or mat i on r el afesgiving %Ui%ﬁﬁg’ﬁ Oéf&eo‘? ithe Lerds (fsqluec[t%,é' tggtrq?st ?éFuHﬁ\ syst em
for 1'inki ngofngigpdphicaPlisediidrfay; and an n-di nensional data
populating the n-dimensional data structure based on the selection of the
15 image object;
wherein the graphical display comprises a model of a printed circuit
board comprising one or more components having one or more pins soldered to
the printed circuit board, and wherein the step of populating the n-dimensional
data structure comprises populating the n-dimensional data structure with a pin

20 number associated with the pin.

2. The method of claim 1, wherein the step of receiving a user selection of
one of the image objects in the first portion is via a cursor manipulated by a

mouse.
25
3. The method of claim 1, wherein the step of populating the n-dimensional
data structure comprises populating the n-dimensional data structure with
information corresponding to the location of the image object selected.
30 4 The method of claim 1, wherein the step of populating the n-dimensional

data siructure comprises populating the n-dimensional data structure with

information related to a component associated with the pin.

5. A computer program embodied in a computer-readable medium for
.35 linking a graphical display and an n-dimensional data structure in a graphical
user interface supported by a computer application, the computer program




structure in a graphical user interface supported by a conputer
application, the 20 systemconprising: logic configured to: 2% ?
graphi cal user interface, the graphical user interface conpris dqgi 2P06
portion for providing a graphical display conprising one or nore inmage
objects with at | east one of the inage objects conprising a pin 25 sol dered
to the printed circuit board and a segond portion for providing an n-

di mensi onal &lﬂ;rgn@twd;@gwf udg$@ci ated with the graphical display; receive a

user sel ecti one of tThe image objects in th S p of the
gr aphi cal user |m9\6¢¢aée9"afﬂh’§a’pdi§ﬁ'f a‘F{?rf?ﬁ% ﬁh?jlq{gﬂli#%ngf‘erdﬁ%ﬁés&téructure

based on thfon?& ﬁﬁté%‘ p%R‘oﬁffOF pﬁ,vldn@gg grapiaed dmlwrmisnngg)mevr ce
configured tol enment 't he

and di.spl a | G [ dto
support themgmmﬁgeaq’bj%%%fmthrﬁtg gsh oge Of&H%r"EE%e %’H’g&gr ap ?@@ %.BL@ ay
conpri ses a; el 1@ inefprittdd tifdit Bobflliahd eb@afodd cptortmnlfen prgviding a§y Nmor e
conponents having one or nore pins SOlfgﬁﬁ ﬁ 3I Ia& printed circuit board
and wher ei ndnmeesm@@udetaq%rumr%@%PC'?,@FIM' edPFRI ANt e  the n-di mensi onal
data Structure VighlydaRker SUEIG opGROSTtRS age dtjedisi ths firs pStOBAL006 22 5
13. The system ote Val m 12, wherein the logic is further configured to
receive a tns@rammab@&eirw eo¥ of the i mage objects in the first portion
via a cursor W%@&P&% _BheRsioRalRita dductirbcasyd be theoseledtighof 2 wher ei n
the logic is further configured to populate the n-dinensional data
st ruct urte wimageiohfesk mat i on corresponding to the location of the i mage
obj ect sel ect ed.,,JQeaik She Td8pHidEE LaRPIAS c@hpmsmsla mad@broémnpmlﬂed lcgiit s

m E)? ﬁ{at anrgc;ag; ggrgysq?rtg &%pclojrl ot c%%%onén s vrr}r?g OnaLy H8leFoid £diGdrkld fo Wi L

the printed circuit board, and wherein the logic is further configured to populate

the n-dimensional data structure with a pin number associated with the pin.

15
6. The computer program of claim 5, wherein the logic is further configured

to receive a user selection of one of the image objects in the first portion via a

cursor manipulated by a mouse.

20 7. The computer program of claim 5, wherein the logic is further configured
to populate the n-dimensional data structure with information corresponding fo

the location of the image object selected.

Q 8. The computer program of claim 5, wherein the logic is further configured
25 to populate the n-dimensional data structure with information related to a

component associated with the pin.

9. A system for linking a graphical display and an n-dimensional data
| structure in a graphical user interface supported by a computer application, the

30 system comprising:
a means for providing a graphical user interface, the graphical user
~ interface comprising a first portion for providing a graphical display comprising
one or more image objects with at least one of the image objects comprising a
pin soldered to the printed circuit board, and a second portion for providing an n-

35 dlmenssonal data structure associated with the graphical display,
a means for receiving a user selection of one of the image objects in the




conponent associated with the pin. 16. A method for con [

i nspection of a printed circuit board for 15 nanufact uﬁirglgl ngget 'S t he
nmet hod conprising the steps of, recei'ving a conputer nodel of a%é?ﬁﬁe@?OOG
circuit board to be inspected for manufacturing defects; providing a
graphi cal display of the conputer nodel of the printed circuit board in a
first portion of a graphical user int&rface; 20 providing an n-di nensi onal

data struct e gsBafi ¢t &k Wrkphiddheuggraphinteefac@®n80 di spl ay of the conputer

nodel of the printed c it ' i :
User i nterface: Sy BoruARe the BaiDeRiGRL R UNERRe Bpeed SELE T8 00

obj ects in thecticaohiHaiigabe dbjsgt| ay of the conputer nodel of th i
circuit board; and po u‘T;ati ng .t -di nensi s © p_r! nt ed
H'dﬁﬁggrtth'?ﬂ e&?@gﬁi‘ye S{J@ﬁﬁﬁse:%ggg%o%?to‘?‘tas PﬁMQa WirBuitV th

i nf or mation corr WB§§ ob] ec
_ _ { ! 0 assist the
:O pi ?,?22. r g: Lgﬂ?—g%grgpﬁégﬁ@bﬁ@oﬁrﬁ&lbwd hags hadng boe PnEPECRiNSSAIERTaH &t ur egser

. : ~board _ correspopding, to the : i ' '
DA bouihemeled et Whei i e o S g R ket ot e
wher ei n t he 43l Qrdiié PBp@ASKS A6 ARimagsioral tdata stutaetwith By SUBBRECt
I ncl udes alignnent point data to assist the user in controlling the

i magi ng syseeseciatesd With heRE- et hod of claim 16, wherein the information
corresponding to the selected inage object assists the user in generating

an inspection programto b 6/ 05/ 2006 .2 [ t gl [
system t® i #@peclhg rﬁés@ﬁhﬁffi‘i"ﬂr g'd “8'?[%'? éﬁe 'glg%'is:? E%’"ﬁ%‘.nblg].el {ﬁﬁgl Prgt hod
of clai m 184infehsibhar dAaeYUCcRIé pobbietest thp pilingssinat ety siecture with

information corresponding to the location of the image object selected.

11.  The system of claim 9, wherein the means for populating the n-
15 dimensional data structure populates the n-dimensional data structure with

information related to a component associated with the pin.

12. A system for linking a graphical display and an n-dimensional data
structure in a graphical user interface supported by a computer application, the
20  system comprising:

logic configured to:
provide a graphical user interface, the graphical user interface

comprising a first portion for providing a graphical display comprising one or
more image objects with at least one of the image objects comprising a pin
25  soldered to the printed circuit board and a second portion for providing an n-

dimensional data structure associated with the graphical display;
receive a user selection of one of the image objects in the first

portion of the graphical user interface; and
populate the n-dimensional data structure hased on the selection

30 of the image object;
a processing device configured to implement the logic; and
a display device configured to support the graphical user interface,
wherein the graphical display comprises a model of a printed circuit
board comprising one or more components having one or more pins soldered to-
35 the printed circuit board and wherein the logic is further configured to populate
the n-dimensional data structure with a pin number associated with the pin.




5 inspection programto be inplenented by the inmagi ng system
met hod of claim 16, wherein the inage objyects cor?esgoné to ontzao. rThe
conponents. having one or nore pins sol dered to the printed ci rcaﬁ/%ﬁﬁﬁﬂﬁ
10 21. The nethod of claim 16, wherein the infornmation corresponding to the
sel ected i mage object includes the |Iocation of the imge object selected.
15 22. The nethod of claim 16, whereip,at |east one of the image objects
conprises a pin soldered to the printed circuit board. 23. The method of
claim 22, wherein the infornation corresponding to th se| ect ed i mage
obj ect i ncl ades @he syghemenclaias $2ovherein th |9$H°isnfg"“b?’rﬁ°n§9!'!re FeREYFod of
clalm 22, Wacel Lekhfor Of G5B IRNnERETGSRANM 06 8 bithon 3 sRleat od | mage
obj ect incl _ ' nunber "associated wth the pin. 25 A systemfor
i nspecting maniputetidisy agodsd.ects in a printed circuit board, the system
conprisipng: an inmaging system for capturing an image of a manufactured
printed “25 circuit board; and an inspection control systemin
_com_nl ﬁat i a4, wi The tsystemmabjiciaims §2t whereianthec baiq @JF‘E@‘%&OE@W‘?C{)ItOt he manner
ot Otnhg%@g;tﬁeqn-%ﬁén%mnhmgézr&&&e WRRNHoRRAEEShrRREpdtidath ®itheui t, the
p systemconprising a conputer programfor assisting a
user to genkeatien afthe inmgeobjeshsgigat®f-am to be 30 inplenented by the inaging
system the conputer program conprising: logic configured to receive a
conput er nodel of the manufactured printed circuit board %o be.i nspected
for nmanué actsir i nghelestems pf Ictaih c1Z owherginr e togicpisotirier é’°§|’%?ffé%l di spl ay

of the computer nodel of i n: , ; : :
A ¢ C £ aghitiRe With NhRFmadidE Ublatddoas dain a first
pe{tion' of p%wglﬁgp & mgltégr?&ﬂsﬁg%ter*ace; Iogilc confli gured to provide anS

nzdli mensi onedmplateat stsocietedvathdbe pivi at ed 26/ 05/ 2006 24

16. A method for controlling the inspection of a printed circuit board for
15  manufacturing defects, the method comprising the steps of:
receiving a computer mode! of a printed circuit board to be inspected for
manufactur?ng defects;
providing a graphical display of the computer model of the printed circuit

board in a first portion of a graphical user interface;
20 providing an n-dimensional data structure associated with the graphical
display of the computer model of the printed circuit board in a second portion of

the graphical user interface;
enabling a user to select one of a plurality of image objects in the

graphical display of the computer model of the printed circuit board; and

25 populating the n-dimensional data structure with ' information
corresponding to the selected image object to assist the user in controlling an
imaging system being used to inspect a manufactured printed circuit board
corresponding to the computer model of the printed circuit board for
manufacturing defects. '

30
17.  The method of claim 16, wherein the information corresponding to the

selected image object includes alignment point data to assist the user in

controlling the imaging system.

35 18. The method of claim 16, wherein the ‘information corresponding to the
selected image object assists the user in generating an inspection program to be.




wi th-the graphical display of the conputer nodel of the manufactured
printed circuit board in a second portion of the graphical user _interf ;
| ogi ¢ configured to enable a user to select one of a plurality 316}|Q1%‘62(6%6
objects in the graphical display of the conmputer nodel of the manufactured
5 printed circuit board; and logic configured to popul ated the

n-di nensi onal data structure with infprmation corresponding to the

sel ected i rrﬁ.%ﬁ ARHES by te BRgingtsybtem tusaispect  thenematifagfurete privtgsect i on
program 10 Z6. The system of claim 25, further conprising a printed
circuit boafkcuithegel i ng system for generating the computer nodel of the
printed circuit board. 27. The system of claim 25, wherein the inaging

system enpl oys x-ray inmaging. 15 .28. The syst cl-al rein the
i nf or mat i on18or r 88 BieAsyOT GAM S, fB'%Peéc‘iogl?" 'Hﬁgﬁé %{ﬁpeégtadelmﬁéﬁﬂ%l\ﬁs@al i gnnent
poi nt data r@pé’zi'iéhﬁozgﬁﬁlﬁtélﬁ@fmdlé?nerﬁémby tielimaging bgstemagi ng system 20 29.

c

The system oo alm 25, wherein the i mage objects correspond to one or
nore conponents having one or nore pins soldered to the printed circuit

board. 30. 3he Sysd prEtel of LRI E Swhendie tiedl imagbebjentscromaspand te On€ 85pondi ng to

the selected image object includes the |qcation,of . L RdSapP ect
sel ect ed. 2mogcompanenizdiaxing §he O AP BBS S%@?g?%thgtp"bggglr one o the i mage

objects conprises a pin soldered to the printed circuit board. 32. The
system of claim 31, wherein the informa

sel ect edo i n2he obpeaethascofyRIg @d’ﬂ?‘?ﬁ%ﬂtégh‘%) %@@%&ﬁi%@ﬁgﬁa’gﬁ%gﬁé% n.3033. The

system of cLaiqmPimagditjedt Relibiss theicvatien bithe imageesjentdelegedo the sel ected
%%nc%udaegs a pin nunber associated with the pin. 35 34. A

| Mpge obj ec
"c\gput er program enbodied in a conputer-readable nmediumfor controlling
the inspecth9n ofnd nihdt 86 clairk 6] twhessi dit fleast naneublatheuimagy ei¢dets, the

comprises a pin soldered to the printed circuit board.

15
23. The method of claim 22, wherein the information corresponding to the

selected image object includes a component associated with the pin.

24, The method of claim 22, wherein the information correspending to the

20  selected image object includes a pin number associated with the pin.

25. A system for inspecting manufacturing defects in a printed circuit board,

the system comprising:
an imaging system for capturing an image of a manufactured printed.

25 circuit board; and
an inspection control system in communication with the imaging system

and configured to control the manner in which the imaging system images the
manufactured printed circuit, the inspection control system comprising a
computer program for assisting a user to ‘generate an inspection program to be
30 implemented by the imaging system, the computer program comprising:

logic configured to receive a computer model of the manufactured
printed circuit board to be inspected for manufacturing defects;

logic configured to provide a graphical display of the computer model of
the manufactured printed circuit board in a first portion’ of a graphical user '

35 interface;
logic configured to provide an n-dimensional data structure associated




26/ 05/ 2006 25 conputer program conprising: |ogic [ [
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27. The system of claim 25, wherein the imaging system employs x-ray
imaging.

15
28. The system of claim 25, wherein the information corresponding to the

selected image object includes alignment point data to assist the user in

controlling the imaging system.

20 29. 'The system of claim 25, wherein the image objects correspond to one or

more components having one or more pins soldered to the printed circuit board.

30. The system of claim 25, wherein the information corresponding to the

_ Z.) selected image object includes the location of the image object selected.

25
- 31, The system of claim 25, wherein at least one of the image objects

comprises a pin soldered to the printed circuit board.

32.  The system of claim 31, wherein the information corresponding to the

30 selected image object includes a component associated with the pin.

33.  The system of claim 31, wherein the information corresponding to the

selected image object includes a pin number associated with the pin.

35 34. A computer program embodied in a computer-readable medium for
controlling the inspection of a printed circuit board for manufacturing defects, the




38. The conputer program of claim 34, wh [ [ [
_ _ , erein the information
;:orrespon;h ng to the sel ected i mage objects includes the |ocati % ﬁi
| rerggf O(r)]te)J g?ttﬁgl ie;:r;ed. Sg_ 39. The conputer program of claim 34% }egﬁoeﬁ
: _ ge objects conprises a pin solderedtoth’ [
circuit board. 26/05/2006 26 40. The co M 30 o
_ ( _ . nput er program of claim 39 [
the information corresponding to thessel ected i mage object incl ui:le\é\lh:“al "

conponent | ' ey pin. 41, [

anctei n tnonRpSt PR EhAERIY o g 1o the. oel st ol qRaRMOREC |

w;:lhuges a pin fegibenfigyredde Eceye a\/SiOFﬂ"“iqﬁé“%%h. ag%scf?lgég?%a Syst ens and
ods fon Li b%g & fARpitngRg defeeld; a2y and an N-Di mensional Data

f
Structure in a hical User [nterfac S
- - - - 1 H T t i i
T PRl Go i spl dsganenfairer 0 rHS AmPHgal St B B GolBhaPfRdbasr T\ MK ng 2

i nterf hi | ahligent
nd ana _e d?‘ﬁ%ﬁ@f@% QF&ﬂ-bo%n lair<d pBRioh @f a rphicahlsen gterfacgr aphi cal di spl ay

_ ata structure in a graphi |
igpp(r)irts gd PK a d@m@aor@‘!gueqsipioi R!'_&Y'F’%ﬁ." "ijﬁnﬁg'ls?i%%e %‘J’r‘ isggg?reo%%togaizeﬁcenet hod
COTr | 222 Wifh 5k GfEBnRG cBhiaY bthe dodpatsamloieat hemmacheisnl doe’ B oraphi cal
: _ _ | ortjon for providi [
dlrz\p;l Sy corsecons prgtiame toe grephicalusg ‘QtetSHBPPécts alrcl)d \;I sla(r:]gng g(r)?ltoihlj(r:]a:‘or
provi ding an n_-%gﬂgéegﬁ S?e!d Qadrbid & Uk (e selsctamrieatfeal plralily phismageaphi cal

di splay; receivi er selection i - !
first port iohjects int the graphical display of theogonqgﬁero FckiBfof (RIGRE Bk i n the

e board; and
) logic configured to populate the n-dimensional data structure with

information corresponding to the selected image object to assist the user in
controlling an imaging system being used to inspect a manufactured printed
15 circuit board corresponding to the computer model of the printed circuit board for

manufacturing defects.

35. The computer program of claim 34, wherein the information

corresponding to the selected image object includes alignment point data to

20  assist the user in controlling the imaging system.

36. The computer program of claim 34, wherein the information
corresponding to the selected image object assists the user in generating an
inspection program to be implemented by the imaging system to inspect the

25  manufactured printed circuit board.

37. The computer program of claim 34, wherein the image objects
correspond to one or more components having one of more pins soldered to the
_ printed circuit board.
30
38. The computer program of claim 34, wherein the information
corresponding to the selected image objects includes the location of the image

object selected.

35 39. The computer program of claim 34, wherein at least one of the image

objects comprises a pin soldered to the printed circuit board.
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40. The computer program of claim 39, wherein the information
corresponding to the selected image object includes a component associated

with the pin.

41. The computer program of claim 39, wherein the information
corresponding to the selected image object includes a pin number associated

with the pin.






