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

cifcuit board. Q('fl[r?éﬁttlly}’a vAERIEE YRR TR Yss YA 6l YorFhsgIBH NI

techni ques (e.g., x-ra
manufactunng 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,




1 26/ 05/2006 5 optical, ultrasonic, thermal image, etc.). The control
systemtypically receives a file contai.ning a conputer nodel obgtqtes/2006
particular printed circuit board fromthe nodeling system Based on the
conput er nodel, the control system may generate an inspection programto

be i npl ement egiby, hit@sdIBGh&ehab ¥BARMErc Fheh BERAA iR RyNEH Bifet@yeshefilgsed to
i mge a manufactured printed circurt board, which is based on the conputer

nmodel generated by the nodel i syst em. .. ; | ' t Ates
the inmages oﬁpn{aﬁlén‘l’rﬁ Urac ﬁirngge]pri nt gadﬂgtlhéﬁf ﬁtgﬁ%la%ﬁ?%o{a ﬂieﬁﬁnlatgger}s&rgrg@ e
conpared to the caonputer nodel to inspect for_a variety of manufacturing
defects (e.q.SystEpersasel o thejcompuisr n!%’éfﬁl?, CORIRL T IE Y SARIEE 20 RS Yhed
conponents, insufficient solder joints, 10 excess solder joints, reversed
capaci tors, gobgem thaklimplesmntdrbywbé tsaging s)stenCoihe imbpestist engrimpharient ed
in current PCB inspection systens typically enploy a graphical user

interfage to ,RsPiSindoR :3SRRRNIBIphiRted cRSREES IO WIRERH R &h BR cohipiepment ed
by the i magi ng systemand for interfacing wth the PCB nodel i ng conputer

pr ogram associ d with 1he control syste hat. .supports the gr i cal user
i nterface, n’é@oa% 5?}1653&6%%}3%655?%&@1? & %ﬁﬂbgﬁeﬁ{%’éﬁa ngitfﬂgcgtmg%%gghes 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

mhge 165 ect ST HIGSgP I FOR e PR 1 e gedR TR user -1 11 endly
manner within the C%El%‘glhsiyggmsuigngien;eﬁgiri;%%géntl}ogggnggégi%;’sygtéﬁ %rpqgally
employ a graphical user interface to assist in generating the inspection program 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
) "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 graplﬁcal 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 orgaﬁize 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




25 systens do not provide a neans to do this. Thus, there is a need in the
i ndustry for. 26/ 05/ 2006 systens and.net hods for I|nk| ng a graphbeaigslyspl
and an n-di mensional data structure in a graphical user mterfaceqi JM\/RIQ?/
OF THE I NVENTION 5 The present invention provides systens and net hods for

linking a graphiegalanddhaRd@YorekiAda BraphiRNSispRAbnE ah A-GhesEdnH Gathn a
graphi cal user interface. One enbodi nent of the present invention is a

met hod for | i%{mc eﬁug Cgladsa ﬁﬂeﬁ%l ay and an n-di nensi onal data structure
in a graphical user |n ace suppor ted by a conputer application. Briefly
descri bed, one such net hod conprises the steps of: 10 providing a graphical
user interface, the graphical user interface conprising a first portion
for providing a graphical display conprising one or nore i nage objects and
a second portion for providi SgvEARY O AHDENVENTRHONt ruct ure associ at ed
with the graphical display; receiving a user selection of one of the inmage
obj ectssin the firple proght i9Bnt@n $ro¢ides ARAESInAURSHod o ThRGS 2 ARthical

popul ating the n-di mensional data structure 15 based on the Sel%ction of

t he i mage obj 4 of her,. enbodi of .the pres |nve |on is a conputer
program enb (ﬁ&ﬁ"aﬂ% l%g%enﬁmpalnégag% E'Hﬁé%lg ﬁbclal ﬁeﬁm W& gr aphi cal

di splay and an n- dinensional data structure in a graphical user interface
supported by a corfna@rbediprnicathopresat inienjorssonpied fordmdking & Brapbinplut er
program conprises logic 20 configured to: provide a graphical user

i nterface, t igsplpyaepkianal-dinseasiohaitdatd smetnaeoimps bsiphigakbuskl insdriypo sippantel b
provi ding a graphical display conprising one or nore inage objects and a

V\Jond por ti QiofhtcR bByiAtiBe. BRefly HEIBBS, MRRls &%@ﬁary&gﬂga ase chet ed

h the graphlcal displ ay; receive a user se ection o I mage
objectg, in th rst ortion of the graphi user. interface: and puI ate
Cheon D5 gi rarei R il o oDl ey HaS dure by Sl aRhng
object. 3

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
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.




26/ 05/ 2006 Anot her enbodi nent of the present invention is a systemfor

| inking a graphical display and an n-di nensi onal data. S”UCtUrQGiﬂ)?/ZOOG
graphi cal user interface supported by a conputer application. Briefly
descri bed, one such system conprises |ogic, a processing device configured
to inplement the |agb@er @nbdamenhisiliaypdext G ehtiORfigste@dot Bnighpport the
graphi cal user interface. The logic is configured to: provide a graphical
user interfac - ' u L: r{.ac i.S] a-firs ion for
b ovi ding. o QS SR s s BleokiBh A ERPE) Sl B beihocpBE 27 ©
second portion for providing an, .n-di nensi oncgl Tg@ba structure associ ated
with the grapHPRAICA b & (ATBRNICHAPREFIHON, HIER (CETTEeH GiF BFD DRERDFOTRET mage
objects in the first portion of the 10 graphical user interface; and

popul at e t he lpgidj aprestsnag dedat aosfigured torimesed thmioglseandsedispley deviod t he

i mge object. OQther systens, nethods, features, and advantages of the
presents i nverbhaburet kb sutperthe HAFWITE RBPASAe. t ThORGiVIk bonfSdtrdd tot profvitR art

upon exam nation of the following drawi ngs and detailed description. It is

i nt ended t hat : L4 1 onal . t i f eagl .

advant ages bé g? %é:qléagglger\?ﬁ%hf%&ne’ p %‘l g 5@%@5&? eﬁtl}%%ﬁfgg%%%%ﬁsﬁ]{gnaa{i#égg%ggg% of the
present inventiqn, and he protected by the acconpanying, clains. BRI EF
DESCRI PTI ON BFOVIHHES Breatineas dispisy iCRP@HETS 90e QhIIOE BRASE OPIeGIROF $t5681%i t h
reference to the following 20 drawi ngs. The conmponents in the drawi ngs are
not necessar pbsticndos paivelineaphdshsnsidmb ida dirbenrgspcacatviip tre gheacdly
illustrating the principles of the present invention. Mreover, in the

d LEW' ngs, |i KRplS! RIERNEa R RIS SESHTAhE e BN it]ﬁkgﬁﬁ%ﬁ?érﬁonbhﬂﬁUQhOUt
t several views. FIG 1 is a block diagram of an embodi nent of a system

1 A, B B R L i IR P
selection of the image 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




5 FIG 2 is a.screen shot of an enbodinent of a graphical user interface
generated by the graphical display/data structure |inking systemgfos) &00%
FIG 3 is a flowchart illustrating the architecture, operation, and/or
functionality of the graphical display/data structure |inking system of

FIGS. 1 and 2. FlGG4 ihl sb&%ﬁﬂi HRef BB eaRRM %h@graﬁfucﬁlllg‘el ftérfacwhi ch the
data structure has been populated in response to the selection of an inmage

object in the,grap | on Fl G the screen
shot of FIG ?gll ‘\%1 anl? F%’Bﬁg?/%s}ﬁ Q8P aFECHEs h%%%hsyﬁ % f'n response

to the selection of_ another inmage _object in the graphi cal Iay 10
portion. FIG 6 istd-5Iiarloy %Fam%&anaaéhm@ph @l%ﬁ{tm@f /gystemin
whi ch the graphical display/data structure |inking system of the present
i nvent i on mayfubetiornaipl eiteapephicHdB3pldy/dsa aridtoeKindtirgryvaiem of RISIS: atandg. a
printed circuit board that nmay be 15 inspected by the systemof FIG 6.

FIG 8 §s a bl ock giaarigmuatds ysd b
i nspected by the syster% of aFISG 56%%%?8ﬂmﬁgrgaqﬁa%§%%tgﬁaﬁgﬁgt§ect FI G 9

is a screen shot. of,.another e nt user .i.n e
gener at eq. by TRLILBRREATedf T ARt f g PatisHbies Tttty Sl ri s
and 3, 20 which may be i npl enent ed | n the x-ray inspection control system
of FIG 8. 1POHIM-LED DESCRIPTION FIG 1 is a block diagramof a system 100
in which an enbodi nent of a graphical display/data structure |inking
system 110 of the FiGes éitstratey efRtscin BByt STFIG23 it Whicnee igd strhitugens baén
graphi cal display/data structure |inking system 110 supports 5 26/05/2006
\_} populated in response to the selection of another image object in the graphical display
10 portion.
FIG. 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. 9 is a screen shot of another embodiment of 2 graphical user interface

generated by the graphical display/data structure linking system of FIGS. ! 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




a graphical user interface configured for interaction with a user. As
illustrated in FIG 2,.graphical display/data structure |inkingg 20080
provi des a graphical user interface conprising a first portion 202 for
provi ding a graphical display of one or nore inmage objects 208, which may

conprise, for, §%PlI@serant®By&! oo hPh&actiof MG tseP ORE HinshQfed iBiRNCeE,
in the graphical display of a m)dlé'l of a printed circuit board, the one or

nore i mage obj ects. 2 .conprise .a.particular conponent on the printed
circuit boar ?,’ SP Cﬁp‘gﬁqu%BBat?gﬁnﬂé rhné(grf?p%'ﬁtgﬂltﬁoé’rg‘gﬁ?fear grjapg]icﬁlt‘fseret c.

G aphi cal display/data structure |inking system 110 al so provi des a second
portion 204 figerfaghepntishlyg seligaretisn 202 farmeoyding ¢igmaniierahilishlayoé oge aphi cal

di splay. One of ordinary skill 10 in the art will appreciate that the data
struct ure nmaynw@e ifagesshicny208)xbish @by cethpidts forRsampleth mbeeleffar@imay be
referred to generally as an n-di nensional data structure. As illustrated

in FlGs 2, thgoglebeard! BHChYafed Y %%?ﬁ:l a3 ' lorfi&d ciftfuidTor €
vari abl es. Thug, Fn one eng%lg? Frentth, éﬁ%ggtla tg?ﬁﬁ%ﬁ?ﬁiil {%r%??segl éndata
“table corrpr'g%ag one or nore ro a fields for one or nore

. of

vari ables. | t BFORE P{/Em&%m@ﬁsgﬁi%Er%%g,m%wna%sa?ﬁ?m 4 FETRETSE SR se a
list, an array, a record, a file, or any other schene for organizing
rel at ed pi ecesnigfl cirptibboradi apirel apeadictler tdrapdnenlye soldfein, efi.nGraphical
graphi cal display. The graphical user interface may further conprise a
cursor 206, disylaphiataistictufeelinkiBey systine | 80 Alsibidvidek aRedoddIpottial @yfodat a
structure linking system 110, such as by noving the cursor 206 and
selecting t {5‘?19% ' SureQ8sdct - j IS - -
gr}aphi cal urs]golvl nt ?? %%gﬁﬁrray %g%ﬁté&;%é%glf%gﬁg{;ﬁggspg b’bgﬂs&}/%fr?&%%% i }Hng a
nunbey, of other appl.jcation servjces. As illustrated in Fl 2, the
graph{Q:aI us’é"r"fle Fﬁt@h@ﬁ%CW}ﬁgltg%g%W?@@ Re) GEIPISE ALY H‘é&’%ﬁ’ﬁ ains a
nunber short-cuts for inplenenting common conunands, as well as drop-down
menus for i npimsheinns, agd deHbre2096b4 tafotddon gehaelit menumdienersimeldats es, such
as "File," "Edit," Vievv." "lInsert ... .. Format," "Tools," etc.

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 recqrd, 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




As described i.n nore detail below, graphical displky/data structure |inking
-system | 10 provides a link between the inmage objects 208 in thegr@phbedles
display and 5 the n-dinensional data structure. In general, graphical

di splay/data structure linking system| 10 enables a user to select inmage
obj ect's 208 i funkfesIARAI Gak: GhaRIRY, suBR SN oRhecki:Rp: OFrhimae
objects 208 in the graphical display, graphical display/data 'structure

| i nki ng syst em 1}1150,,%ut omatically popul ates the n-di nensional data structure
W th correspondlng Gta associated with the sel ected i mge object 208 10

G aphi cal display/data structure |inking system 110 may be inplenmented in
software, firnmuar e’s #repidadria mese dgtagldelimarimhical Hisplagtdatastniemire fiblodg ment
illustrated in FIG 1, graphical display/data structure |inking system 110
i's inpl enentsstemnn 9okt viadse, lidsbaweexteuinad 6bjpeto Q0B thelr4hidas deyRguhed by
a processing device 102. Cenerally, in terns of hardware architecture, as

shown iq Fl Gméé&hﬁ%%ﬁ%%%%%@é@%%&%& %gﬁ@%ﬁ%&gaﬁﬂ&é{é Cuck L ry

104, one or nobre networ 1 ces e or nore inpu
and/ or output_(1/ devi.ces 114 interconnected via a |ocal_ interface 120.
Syst em 100 nﬁy&?@%ﬁéﬁ%mﬁ%@ SRt fffl@%%q%e%ﬁ%ﬁém gaRbce] dirplay. Sesed | n
FIG 2. Re~ferring again to FIG 1, the various conponents of system 100
will be 20 desdhs ssdeshion of mhagerpbigctsd(® inte gaphivd, dispday, exepinpiab displayidetn
l[imted to, one or nore buses or other wired or wirel ess connecti ons. The

l ocal interfagecth2Qinig s 11808idrhamally pbeireRs the nlintdhsdhe! @1h bRk or
sinplicity, such as controllers, buffers (caches), drivers, repeaters, and

reégei vers, tg,éﬁl%gjegpo gﬁgﬁ%facﬁéﬁﬁé“Eﬂrfﬁ@%lé%ﬂe ack B d.PeG8 interface 120

i ncl ude ress, cf ata connect’i 6ns 16" ehabl e 25
P 6ced8i g devi e CHB 2L aP HHAR ECHE R 5/ GRS HG ST 1
particularly that stored in nenory 104. Processing device 102 may be any
cust om made &iftware, fitmware, hardware, or a combination thereof. In the embodiment
ilfustrated in FIG. 1, graphical display/data structure linking system 110 is
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.




commerci al | y-avail apl e processor, a central processing unit (CPU), an
auxiliary processor anmpbng several processors associated with sypgtgs 10006
sem conductor 5 based m croprocessor (in the formof a mcrochip or chip
set), a nmacroprocessor, or generally any device for executing software
instructions. As iphb&bingtietick M0FEG hardwhRMRE e FexBBYHIEIPiclaSE paAicularly
operating system 106, one or nore applications 108, and graphi cal

di spl ay/ dat a r e Linki em 110 . architecture, operation,
andorf unct i SHarEy EE ey P N BOlE e e 4 ol BT B imBRRG syoi em
110 will be described in detail below Menory 104 may include any one or
combi nat i on JFOTFRITEEHY-@vaHahYT Broetsere A LN PR cessgBi (ddde 3 2RaHEYY ( RAM
such as DRAM SRAM SDRAM etc.)) and nonvol atile nenory el enments (e.g.,
ROM hard dripregesscapmonSOREg] peoaesiars Menaried Hdh syaten e panabedetact roni c,
magnetic, optical, and/or other types of storage nedia. Furthernore, nenory

104 15 smay haygedanirsdrbdeRitrqth RE $tvnt §€4 hﬁ'i&@clﬁﬁ‘o%ﬂiﬁ @etyaar ﬂnﬁ’dﬁpx%@éﬁ@&?@zm S are
situated rempte fromone another, but can be accessed by processing device

102. The software.in nory. 104 _lncl ude one.or nore separate prograns,
each of whi %gl%%ys i ngﬁfheﬁmb f‘?ﬁé’ﬁfﬁwﬁﬁg’%r i npl enenting | ogi cal
functions. In the, exanple of FIG 1, the software in nenory 104 incl udes
gr aphi cal di spl ayAddHestiatedsindiie: by memprid Mgnay/ermennise 0. opeabpaSYRie® 08.he
present invention. Menory 104 may further conprise a suitable operating

system 106 t hat oxmanter appicdtivas @ B Catid @iphadal disply/datasifuives lipkiag swsssn 150ich as
one or nore applications 108 and graphical display/data structure |inking

ﬁgt em 110, gqpd aﬁhﬁé’dtﬁ%?oﬁ%‘fﬁ%‘,‘aneggr fdn&@éﬁaﬁgﬁfgga%%%%s@h%&éﬂr sgll'ugﬂﬁle dat a

agenent, nenory management, conmuni ¢ ted 25

serviggs. 26{.05/ 2006 Graphi.cal .di splay/dat.a strugture |inking. system 110
may bgsa sou{r@gln%F%sg%rlr?BWéﬁzégFgﬁﬁ’Sg& g%?lgh‘? E’B’b}i\éﬁmo%’ofc? )Ifl"“)g]élﬂy"a? apr  any
other entity conprising a set of instructions to be perforned. Wen -

i npl enent ed @ggecgcg)mhi@%opﬁgp@me mgmaent flements (e.g., random access memory (RAM,

such as DRAM, SRAM, SDRAM, eic.)) and nonvolatile memory elements (e.g.,
ROM, hard drive, tape, CDROM, etc.). 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 include§ 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, i;lput-output conirol, file and
data zlaénagement, memory management, and communicat_ion control and related

25 . services.




program needs .to be translated via a conpiler, assenbler, interpreter, or
the like, 5 whi ch may or may not be incl uded V\Athl n the nenory é%‘}’O!?PZﬁ?)G
to operate properly in connection with operating system 106. Furthernore,
graphi cal display/data structure |inking system 110 nmay be witten as (a)

an obj ect ori ent ed Greplyramispley/datangitage imib ehstbag 10850 Qhurdalidand
nmet hods, or (b) a procedure programm ng Ianguage whi ch has routi nées,

subroutines, apeh@Ibid ﬂﬂgfahp&rﬁjec 9(5(16@%?%]@%81 %ﬂ dptfi n%i%e%ovl;%]nt&s?d%% gd} p CeC +,

Pascal, Basic, Fortran, Cobol Per

device(s) 118 i C igured to facilitate communication

bet ween systen&%ﬁg%{ﬁg §E Bgﬁ?fﬂ}ﬁdcz}%wnﬁﬁ?%%@d 5INPT STb then ther
private packet-swi tched or other data network including the Internet, a
circuit swit EFREERIRABESS K be Faetated viakecopubler, assnitlehaderpedtaphothe ket wor k, a
wi rel ess network, 15 an optical network, or any other desired

communi &at i ons/hi cmfm@sdrrm@t hotée ikdladdd/ Wiiip e Sembierodl 34 aWoﬁéPﬂP%ﬂoﬁ@r]?
devi ce configured to comruni cat e with local intérface 120 di nary

skill in the gfdonhidd @@9{ d ing. on_the ration of
syst em 100, |nput/ou1t0:|gut d ce§ &’%g&rrlr%g %ﬁc g e a%@pbd?al‘téﬁé’ afy%h&'owi ng, or
ot her, devi ces; ﬁ“’ boar d, rr{))use di s | ay device, such a 20 conputer
nonitor, a seria %ﬁj}ﬁfm é Qayﬁﬁr"'t’m %r(ﬁ)rﬁﬂé?bjecéﬁﬁakféﬂﬁfoﬁmmﬂmg)phone

etc. As |IIustrated in FIG 1, system 100 may include a cursor
mani pul at i on l@esieee Wlmqlﬁh@rﬁdasaembfsiataa@nddawthoﬁ bl @) aAsocddateestoghoneng
graphi cal display/data structure |inking system 110 may be configured to

enpbl e a userlaiguagsiveith haSBORH] Gk ahiloR Auriighl) 163 xaipiPhhoPOr L on
a graphical user interface via dlsplay devi ce 118 and cursor

of
appr o0y at ¢ 0 P1ER e & f‘f‘éﬁﬁl B85 e Rt 728, fax Bt diree any of the
followi ng (or oth e\( ces configured to support the graphical
user interface: W qvtsq:e(s)d BineaYi &f Bw\isvige com}i)gured to facilitate
communication between system 100 and a communication network, such as a public
or private packet-switched or other data network includin ¢ the Internet, a circuit
switched network, such as the public switched telephone network, a wireless network,
15 - an optical network, or any other desired communications infrastructure.
Input/output devices 1 i4 ﬁlay comprise any device-c.onﬁgured to communicate
\) 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




di splay (LCD),, a plasma-based display, an LED based display, a
touch-sensitive screen, such as those inplenented in portable ?Wgy'gg(m
devices (e.g., a personal digital assistant (PDA)), and any ot her known or
future display device, regardless of the underlying display technol ogy.

Furthernore, e aRp1aYRRIREY %@ R cgg'{f)!rigg arh %éﬂo%ﬂp gérso?he@g%(’gi?sgﬁr #&%%X I ce

configured to cooperate with an”application operating

and/ or graphi Mdisplay/data strycture Linking system 110 _and nani pul ate

a cursor di spﬁ%ﬁeﬂlr%dgtotségp(a% @“&%@P 8E MiFgaceg copRLipp Fonitey adigpid crystal
mani pul ati on 10 device 116 may conprise a nouse, a trackball, a set of

navi gati on ke§8Plex (5CD).aynlasma-kespd displaydam LEBystsed fisplay cktoutlosemaitivea f ew.
During operation of system 100, the processing device 102 is configured to
execute | ogi cscstemy ewbhvistritss ifnpRMRBAY pbLdble COMPARMBIANGR: e S8k PetsBnAnd from
the nmenory 104, and to generally control operations of the sySstem 100
pursuant to tdye; i i ata-structure linkin
system 110 and§5%§ﬁ§'?%%@%)g’%a%g?aeﬁ%m+ §y£ugurie%h%gﬂfevbcﬁt Te??ﬁf*’é%?f y the
| atter, are rtggd 9%/{ t he..pr.oces I‘ng devi ce 102, perhaps buffered within the
processi ng devi 5228 dispfay FrehnRgt Uk wthenppres pysel makipslatipr feviep bishnaal

di splay/data structure |inking system 110 is inplenented in software, as

i s shown in FOEGPIEE agy mpht dalicediopfiganei dataorstate etithran apPlitdtioki 10§, ayesdtem 110
may be stored on any conputer-readable nmediumfor use by or in connection
with any conpysten 106| @it S¥si@MIMplARROuchite LRI RPLER 18%ank m[alﬁg)ulate

docunent, a conputer-readable nediumnmay be an el ectronic, magne ,

opti cal, or i Vi reans that nmay, contain or .store a
Ce*?rput er pr 03?’2%0 or¥%¥§§$%€%odrl§bﬁ?f%%‘é%2®% r?r\fﬁlﬂﬁllg’ OB FRAHPY ATt ed

syst enyor rre%hod. %daphi cal .display/data 25 structure |linking system 110
may be - embodC&HT hIGHEY COMBLis®? Mossk atTackbailip s efcevimtios kews/(2@06mawe by or
in connection with an instruction execution system apparatus, or device,
such as a colpishandisdewtick ptlete npmoadssor - cont ai ni ng system or ot her
systemt hat

During operation qf system 100, the 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-related system or method. Graphical display/data

25 structure linking system 110 may be embodied in any computer-readable medium for

10




can fetch the instructions fromthe instruction execution system

apparatus, or device and execute the instructions. 5 In the COQtGe/ﬁSPEOO6
this docunent, a "conputer-readabl e nmedi unf can be any neans that can
store, comuni cate, propagate, or transport the programfor use by or in
connection W tube bher inrstuliddtibn GAthexaaithicEbn S¥hBM sRRPABbMSmsbr HeEce. The
conputer readabl e nedium can be, for exanple but not I'imted to, an

el ectronic, to | , c LS. . infrared r sem conduct or
system appar g]t&glgh% alcgm g{\%gg?édosry g%@o%%’%%%%‘ﬁéﬂ%%%‘aﬁ?’“%r & %tﬁ%rcﬁy?ﬁe’&‘l anpl es
(a nonexhausticé/ef Lchstf“)c of the _conputer-readabl e nmedi umwould include the
fol l owi ng: an“Bl ST CEFIRHIONS SPrpiie IYeden SrEjormyvichy 2BPRIalgE. Grdescai r es,
a portable conputer diskette (nmagnetic), a random access nenory (RAM

(el ectroni c), 3 $Xeaee gl ipstmsiiony (ROM) (el ectronic), an erasable
programmuabl e read-only nmenory (EPROM EEPROM or Flash nmenory) 15

(electrbnic), an opttheadniéitREthi APttt )a "caRguRr-RAALRB LERAP tl% $C
read-only nmenory (CDROM (optical). Note that the conputer-readabl e’ nmedi um

could even b 0 i.tabl e medi um upo ich the programis
printed, as ?ﬁgé%r%%agt?énrﬁt?%hk%ghue Cg%f PSR, ‘T’Ioi?trejé%fjartﬁ%?mﬁaénﬁ?fr“s? g%f’énce
optical scanning of .the.paper or other medium then conpiled, interpreted
or otherw se IBF&%%E%‘HW? DETRAmEXpaRIon systemompattwss safgyvicankthe hen
stored in a conmputer nmenory. In alternative enbodi nents where graphical

di spl ay/ dat a computsT igadable medngn caybd, don exhthpleshuit mpt RAkBd e ah RikaeiwAr €,
graphi cal display/data structure linking system 110 nay be inpl enented

\C/}V'Péh any or anLasi, lﬁ?ﬁéfﬂ’&l&ﬁmﬁﬂh‘%ﬂéﬁﬂ, IIIQﬂI&g Or %I%iggﬁlﬁfcfor %ﬁ%@gg&@g&ﬁ 2?

crete logic circuit(s) having I ogic gates ~inple _ _
(A O *havi na 1 SEPERPORlE u8Dv B ok BreaRe FREH ehGmonegresuia e ohe
g,[ ggr ammab| ec&%}:i?terqlterag%(lg %ne((iiz?nb\'?vbuﬁ‘i 1'];13:1?1113 the%(r)l(l)cgv[rigrgrjmal? leleiact%'lactalecc?ngeggon( P
(electronic) having one or more wires, a portable computer diskette (magnetic), 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




FIG 3 is a flowchart illustrating the architecture, functionality, and/or
operation of.an enbodi nent of graphical display/data structure ?i 84%5;1,@2006,
system 110. 5 Graphical display/data structure |inking system f egl ns
at bl ock 300. Graphical display/data structure |inking system 110 may be

initiated by apsefiat¢icdmBhalbaldeyt Ctes Lhdogl! ' i34

graphi cal di sng??da'ta struct uare ‘Tli n |e?fg];aJ%gﬁta@%gﬁ%&ntgﬁﬁggg%@éﬁgﬁ]tded as
a function th LBY cal |l ed rating system 106 and an application
108. In al ter%gécﬁ Ve errlgc%éler?é’fﬁvg?ép&%‘é’ Ftnctionality of graphical 10

di spl ay/data structure |inking system 110 nay be seanl essly inpl emented
within an applicattem Bedlow shalidsetingdheershisctyreaphictanality, spfiay/ dat a
structure |inking system may |aunch the conputer application at block 302.

Regar dl ess of opdretioresfiearcnibodwhietofigraphscal fisplagided, snabubd RekndHengl aRhi cal
di splay/data structure |inking system 110 provides a graphical” user

interfasge 15 iaB i jof =100 1 di-n [ ical displa
and 5 second part oo paeRdite EhoBR bl Wiferbl O b O ENCRIY (gpRear!
associated w h th r i cal .display. at ed above, the graphical

i spl 2y conpr L SUEV B SER N i Bifebi g BEimeS bosh i ok = vee i n BBl deviced by

a user. Cenerally, an inage object may be any itemin the graphical

di spl ay porti brf- df cemEn ngpﬁiﬂé;@t& gsphidahdieplhp/detatshattunalniies systiny i tuaky y,
or 20 otherw se, selected and mani pul ated by a user. |Inmage objects may
conpri se texthe mphapesed 431 LAutRsn thet May BY cHRM B orRXAMR Gstcl@BIE SN

di splay/data structure linking system 110 may display a nodel of a printed
cigcuit boar dppi; i r£. Lnage jects may conprise a
pa% ticul ar cor};g%%gﬁ? Igg' tﬁﬂéel?%%iﬂ%tee cofa;%%lﬁg L@%%”Pagomg%f’ﬁg%?@&’ﬁparu cul ar
conpongnt, a der jqin tc. Furthernore, the data structure 25 may
corrprinlgj; any n%?%’g tdo%”&%'ﬁ@ﬁgg’&ﬁsq)’“?@ 138 oy rorsempesslytimplamaates\sithig aaphi cal
di splay/data structure |inking system 110 may be inplenmented seam essly

Wi thin a comjbliatianpPs.chsueh emhodmatitngraphidahdisplatydata 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.

12




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

i nking system 110 determ nes whether the conputer application_is
termnated. |If the conputer application is term nated, graphi 035/05/2006
di splay/data structure |inking system 110 term nates at block 308. If the
conput er applicati | er.m pate or..in _ alternative enbhaodi nents
wher e graphi cal di 2%%@? &(;gt%ogt es%’l[rgI Bgﬁcﬁlr(gsﬂ(l?yﬁ%%m? PEFysiem IGmay be

i mpl enented wi.t hj n the conputer application), at decision block 310,

graphi cal di éIBP!:EWeB SCEPICHEY YR 2 pRPPesApplieation] Aatetdingtynasudthet her an
i mge obj ect has 10 been selected by a user. If an inage object is selected
by a user, at cbedinedis2at degisiphibloait 3, spiphichbidibflas it lrusard ik @ sayst em
110 automatically popul ates the n- dinensional data structure with data

cor r espondi ng11®détbeniaed REiBE hERGEHRRE £5; i i ject is not

sel ected, decision blocks 306 and/ o?&gﬁ%&%@ﬂ%ﬁ?&&)ﬂé%?%g.ﬁ@éet(ﬁmrpél?eér ence to
the scrgen sh -.0f H .4 and 5.0of .a.r esentative 15 graphical user
interface, a rltclgeé:% Bre E(l)taﬁﬂr%?ﬁhlﬁ8’&?’%@ﬁ?@é@8ﬁ“¥dl@9ﬂﬁﬁsﬁ%ﬂ}%cture

l'i nking system 110 will be described. FIG 4 illustrates the screen shot of
FIG 2 duriny™8pétesat ¥ackhdoq Hiths ecmpuitrspbhsativatisnattemahareé (dritnki ng syst em
110. As stated above, graphical display/-data structure |linking system 110

enabl es a usedlienativebmbodioreats whertgrphivhl il ay/HRE oo R TitPS sieh | Fis
graphi cal display 202 via cursor 206. After an 20 inmage object 208 is

sel ect ed, gr aphiesemdhs : -1 ki N stem.l may,.visually
di stingui sh the sgll ect eglvi@ﬁ{élggﬁgcgﬁgp@%& H‘%Ig I?‘#&F@a? te&tca% 1 ?lpc%ig(),@g%)ﬁlcal

sel ected. Forg; .} n.the enbodi t illustrated in FIG 4, graphical
dfi pl ay/ dat a displeiPdel Sfticry géy%t?%‘rﬁﬁ %efcﬁﬁyleﬁ sthera morsecbiasgbas he

col or 1f the_sel ected image object 208. 13 26/05/2006 Furthernore,
graphi'®al di SpPsRlesRdbys naget Iilra@ iriagk Phigetsy sdlentedlia neey, atdlsokrma| cal |y
popul ate the data structure with data corresponding to the selected inage
Ogj_ ec': 388. Eupheabdigtley/dats sirhétusd 1i6:Q0sysRnt] B adombfGISPopELRY nidRIe

obj ec ;

dimensional data structure with data corresponding to the selected image 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, Ain 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.




may have three types of data associated with it, each type corresponding to

variable 1, .5 variable 2, and variable 3..The sel ected i nage obj 0 _
have the followi ng data associated with each of the variables: zé‘?pﬁb/l%edrqg

= Al; variable 2 = 8; and variable 3 = 0.079. In this manner, when the

i mage object is sel eghBlmHE € di /data structure |jnking system
110 may automatically poglul ét%giythﬁ%l C(l:lgn&ﬂrgg/lg%éﬁg?%red@qlﬁng Sttt f8ami th t he
appropriate Vakﬁﬁﬁmﬁlg&y':' G.5 %I l.ustrates the screen shot of FIG 4 in

whi ch the data®StraerurdRyLieiheAata sepnustagh faia comprpnsding & teecksetedct i on
of another inmage object 208. As illustrated in FIG 5, the second inmage
obj ect 208 sel ERAEFOHEE24Hh e drokbmplengs itlastmiabindICatethe Welbhied AR Bect bE
variables: variable 1 = A3; variable 2 = 3; and variable 3 = 3.140. One of
ordi nary ski | | menheethaettyydklof daRREB6IAHS DA el i.ated . wit

i mge objects 208 15 that is used to popullat e %ahg a?gﬁgﬁﬁg{%ﬁr%‘ﬁ% le tl]
conpri sesany dat@p] By ¥ | e n_i mage. obj ect 208 maybe identified
with a specific Iogat?%? e. éee‘%(a’g% &e‘ﬁ%%éﬁa&ﬁgglﬁad@ B2y bstthotoliefng date d)

wi thin the graphical, displ and/or a corresponding |location in an
external syst %ﬁ‘focﬁaﬁ%d Wﬁﬁﬁ@c |BevarpbEseayiableslo= el ; assgide Atet] andl tvarishilbe =

i mage objects 208. Sone of the data used to populate the data structure may
i dentify the 0% de#éus manoer, watnibe tmbgedgen b m&&edzggaphfcmi&%%@g@, t he
i mge object may have various attributes. Thus, when ah inmage object is

sel ect ed, anysmcmﬂaemmgasygﬁﬁpgio%gﬂamgﬂlmggpgob‘gf[g%ﬁ% g%lge%})@(%%%gfr dat a,

may be used to popul ate the correspondi ng

di'gpl ay/ dat a ghfdet Wi Lnki .syst.em 110 may be inplenented in a 25
v"'-aii ety of other Sﬂ‘{@%}%ﬁéﬂ%@%x@gﬁety of conputer applications. FIG 6

is a bhgck 14 26/ g}g]{éq:pﬁ di agram of a system 600 for inspecting
manuf acturi ng def | IHURF e thel s@pencaliot of Bk Kds which thkidata sgmambs Ealbeen

di spl ay/data structure linking system 110 may be inplemented. System 600
conprises a pRAPHiaéedl ipirespoinse foahe sbleands o BgotByShge 887ct AR, As illustrated in
FIG. 5, the second image object 208 selected 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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X-ray inspection control system 604, an x-ray inmaging system 606, and a
printed 5 circuit board 610. In general, PCB nodeling SySteWIGOéﬁfb§¥%006
system for generating a conputer nodel of a printed circuit bo .
nodel i ng system 602 nay be any known or |ater devel oped conputer-aided
desi gn ( CAD) stem capabl e model ing any type of printed circuit board.
FIGS. 7 and 8%?1313% Pf %E‘ég? 8@@ T dpsrrEig manHEFEAS Belews b Prited CBFHE Ui t
board 610 10_that may be nodel ed usi ng PCB nodeling system 602 and

i nspect ed usi REATds S BMichanaphipd displaystatattednira likkiGe systerprlil e ted r cui t
board 610 may conprise a conponent 700 having one or nore pins 704.

Conponent 700imgiymen@pr SsReam0cyPRrids 2 BiRed Er&a b HeIRRREH . & 12Ch,1 1
is desirable to solder to a PCB s]glgstratigJl 702. PCB substratgelg%gl@né udes

an under | yi ngyi-nt ; i i I hat _conpri ses, a rality 15 of
termination p')éir%t 1219157%%189\%%\ t?:(ﬁ%k%?gt?ga 5 }’Héal’}elgl%&}lgﬁ%teﬂji @iﬁ?%fila Hﬁ{ﬂieag t he
manuf acguri ng .,pro%ess illustrated in FIG 8, during the manufacturing
process. conp3téHt 076%)6% g5eeral 665 edgling sysamc2de 2 sstern §on ganeratiag 2on
points 706 on the PCB substrate 702 via a soldering material 800. FIG 8

i |lustrates promuuée neodet of & phinwd dir6di0bedrtie POBhRodQiealysteni 610 riioeesas: By
way of exanple, during the manufacturing process a variety of defects may

result. For ixmetangeatet develdsed 8o . T j nt]fgﬁi, v, ering
defect (represented by refé&%ncém%ﬂ%%?g%ag%g _U%%Q)%gﬁ%r |ﬁg%yﬁgﬁ?%$&gn t he
art will ap I.at hat, any..of the follow ng, or other, defects may occur
during the %ﬁﬁ}fpg:c%% %P‘r?]eg C%Cé%gg%ﬁd‘ open solder joints, shorts, mssing
cogponents, mi sal :ﬁ@gd 26/ 05/ 2006 conponents, insufficient solder joints,
sxdess sol der joi AESD: 7 aYkp dMstraigsaesstseriionat dlageams ofl printecsaitauirboats] Gi)
etc. X-ray inmaging system 606 conprises imgi ng hardware and/or software
for d&pturi Hipt axayberagddlethgsingPCh mmirlihg cydura G0p bhaiRPedtéd €thé speai d. One
of ordinary 5 skill in the art will appreciate that system 600 may enpl oy

any of a var 5e0.yAeflathed in FIG. 7, printed circuit board 610 may comprise a component

700 having one or more pins 704. Component 700 may comprise any type of
- 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




types of inmaging techniques (e.g., optical, ultrasonic, thermal inmage,
etc.). X-ray ‘inspection control system 604 interfaces with PCB go@gj{}gﬁ
system 602 and x-ray inmaging system 606. For instance, x-ray iR I 06_
control system 604 may receive a file containing a conputer nodel of a
rom PCB 10 npde]ing system 602. Based on

particul ar pri i i t.~board f 2

t he conputer rrcgg'g’ﬁn&k[gg}%}}fﬁﬂg SIS PO seljlst 10its, soersed\raproiersasaden
i nspection pr% amigg be inplenmented by x-ray inmgi ng system 606. The

i nspection pr gﬁ%ﬁ? yBRidu¢Ed to i mage a manufactured printed circuit
board, which is based on the conputer nodel generated by PCB nodeling

system 602. After XyeayermaginggysterRGOs coiptiie iRBINoaGEHF L6 al/b Bl £1 EGUi t
board, the imges 15 may be conpared to the conputer nodel to Inspect for a

variety of mapafftasidiid NAgay def n.sol.der joints, shorts,

ni ssi ng corrponaeﬁnt s, m'jgg?“i %%@ggggnn%glﬁgﬁ%%)daﬁilrﬁgﬁ?lﬁu&ﬂ@ﬁfd?s@%l‘é{orjd&aﬁf s,
excess sol ders'iﬁih?{hg,mrwe%\i_frsed.ca acitors, solder balls, solder voids,
etc). AS illuStrated 3 n e gErresiats thatsysiem 60 mpy smplyang of & yetienof otheray

i mpl ement 20 _gr aphi cal display/data structure |inking system 110 in order

to i nprove t h@PFHEFEEEINgiechpiqye e, copdickh althdsbmit ehgrene iakde0 Brcof sy
i nspection program provided to x-ray imging system 606. As described

above gener alihspectjompiited bystins BOaH: 88icas %%WB’?%?EEMQ@%C %&%{’%—%&g User

supports a graphical user interface configured it

in which a grigpbingabdihspka | inked to an n-dimensional data .
structure. Int 3%2 ¥ enbockii ﬁgﬂ?ﬁ?ﬁ?eﬂgtrﬁ yifrgae‘ft}‘?nlflo&“ﬂeﬁysﬁ’ﬁ’a‘i% iggy receive a
di-spl ay/ dat aﬁsl% E(%gt.ure | i nkiu% system 110 16 26/05/2006 15 in FIG 9, the

ped nted circdi AP FEP R e edshph # BEtirwayrrined eictust 190 frengPCBa
parti ﬁél ar conponent on the printed circuit board, a pin on a particular
conponént, amgliasysies A02. Based pn thavagepurby rodd, 204 iRkt HAVERE Sfsten
sel ected are represented by may be configured to display a nodel of a
printed circ6i4 maggenkrite abhgspéaRir6&lam to be implemented by x-ray Imaging system
606. The inspection 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 program 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
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di splay portion. For instance, in the graphical display of a nodel of a
printed circuit board, the one or nore i mage objects may conprise,a
particul ar conponent on the printed circuit board, a pin on a r?eﬁ/{@@dlz&ros

conponent, a solder joint, etc. In order to generate the inspection
program used tgQ_i e -a ufactured printed circuit board, which is based
on the displ ayl.g@; %%%ﬁ%ﬁ&%%%&éﬁay&% 1 o4k PANEH IcHy R Aearddr thecraphacal | i nki ng

system 110 enadtl)l es a user_to select one or nore of the inage objects of the
printed circuidSPRyRutoBkEdnsmaeha the pephicandigflao Pamcd el farprim@ogrohj ect
(e.g., one of the pins), graphical display/data structure |inking system

110 may aut omibardatileyone po moralgadet®;dtt-dh s oAl st i dat a
corresponding to the sel ected imagJe obj gggt. IGaIgﬁ?s a gc egﬁﬁs ot{lQQOO of

anot her enbodiABR - phi.¢ . interface generated b r aphi cal

di spl ay/ dat a EtruEtC%E%Fl n 1% ﬁf;‘é/% @%ﬂ%“é?%ﬁpw%%%ﬁ{?f%m F%‘p%é T8 in
X-ray inspect ic,onE %(e) tr.ol stystem 604. The graphical user interface may
conpri sé a poPtid DFRGFOCH RISEEAM Hepdtip dnpes ametuiasueed nrittedeitcuidebetd, As
illustrated nuneral 906. As described above, the graphical user interface
may conprise BHEhds based omsheedigpliapedstomptiaroesd e (Baphitie dRp Iy datdt@iclas a
structures 908 are included, graphical display/data structure |inking
system may Vi nkihg yysehns i | enbbER 2 tsefdct | ; r. codi ng
themto the corre%%%ndi ng data s?%hf?usﬁg%o t%&?ﬁ%&ﬁ%&gf)@eﬁ%}fﬁlﬁt he
enbodi ment il i I ,the data structures 908 conprise data
tabl es corr es%g%%cir ﬁg&? oﬂo\%dr':i 093533%&% tgﬁ ﬁgﬁﬁtm@%! dmaeeabigrt (g gx-onapf
imgging 25 stem 606, . Furthernore, each data structure 908 nay incl ude

the fol | owi néﬂaam%%ﬁb@m SRAAY/Fali|segetuze linking eysteny AFQ migy eutomatiPatis"
variable; an " Xl ocation" variable; a "Ylocation" variable; and a

"Surf ale" vareawlats theatdimsnsiom daestra@rawith the coFegRndRRj16 ticssefRtqmey be

| i nked as described above. It should be enphasi zed that the above-descri bed

enbodi nent s ahagy eljkdtcal
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
15 - 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
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5 display/data structure |inking system 110, particularly, any "described"
enbodi ments, ‘are nerely possible exanples of inplenentations, rel et
forth for a clear understanding of the principles of the inven%@gﬂéﬁps
variations and nodifications may be nade to the above-descri bed

enbodi nent (s) ., he, iovention wthout _departing substantially fromthe
spirit and pri"%(g:allbﬁ) “ed 8‘?”??1evaflﬁ&8n’i‘ilgaﬁi.s Xfriabdei @R - 100GREEm T YabicoAs and
variations arg intended to be included herein within the scope of this

di scl osure and? PFeREC@aably: aen foirfacel nayiableai s sirsctd64 068 2006e Wayhat is
claimed is: 1 . Anethod for linking a graphical display and an

n- di mensi onal olgedta 906ngl bedinlie®ad desarigddoddpi-gal user interface supported by
a conputer application, the nethod conprising the steps of: providing a

graphi cal user intgLiAA8set: - aphi ser interface .conprising.a.first
portion for providi rsig a greap Pg%%%m@p %%%"&%P‘r‘% eﬁ&“ﬁjﬁgm&‘ S?I’i?@‘%?l%{ge
objectssw fthy.at |east one af the image objects conprising a pin 10

sol dered to t‘ﬂ%‘ﬂ@f/&%? é@@?gmﬂﬂ%ﬁe& I%Garzﬁ]cﬂ@@m@}’pdﬁqﬂgﬁdf@ﬁbqﬂlmwfaj ng
an n- dinensional data structure associated with the graphical display;
recei ving a (#emerdy pessitdn exdmulecofiinpldrernitainge, mbjeBcdes forth fohe cfdaf St portion
of the graphical user interface; and popul ati ng the n-di nensi onal data

structure basaderstantling oS ®eSsiiric@ilebf thd Brvedfiod. LRy PRILLhs a%ﬁlﬂfagf.ﬂ&aﬁ&% .
I oard conpri si ng

graphi cal display conprises a nodel of a printed Ccircuit

] i ed L th i nted
Circui t boar 1 aad e o it Wherg PR BB iR g SRS ismabienal | dat a

stfucture conprises popul.ating the n-di nensional data structure with a pin
j ngartmg sbstanti Ey g'om the spirit and principles of the invention. All such

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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20 nunber associated with the pin. 25 2. The method of claim1, wherein the
step of receiving a user selection of one of the inage objecté in th

first portion is via a cursor manipulated by a mouse. 3, The n85M6H522006
claim1, wherein the step of popul ating the n-dimensional data structure
conpri ses popul ating the n-dinensional data structure with information
corresponding to the location of the iipage object selected. 30 4. The

nmet hod of claim1, wherein the step of popul ati ng the n-di nensional data
structure conprises popul ating the n-di mensional data structure with
mforrratmnW'@taﬁt‘é%ln‘leé | conponent associated with the pin. 5. A conputer
program enbodi ed in a conputer-readable nediumfor 35 |inking a graphical

di splay and an n-dinensional data structure in_a graphical. useg...nterf
supported byl-a cénpethad Bppnkieg:d QFEPW%L%FBWU?E %Br ‘grmae%g'ﬂgﬁio‘g"‘)%ogr che
conpri si l@g lsRGktGreGRTY grapiesl user infifavé Seppdrted dpla comhpulisreapplicetienftaee, t he
graphi cal user 1 nterface conprising a first portion for providing a

graphi cal dingihedcommsingdhedeBhet or  nore image objects with at |east one
of the inage obj ey P dripHkAl duddi Ninkerfané,d etiee cyraphitdieugari infertacei r cui t

board, and a second portion for praoyiding ap. ' ' ;
associ at ed WPMRANYIRG: agirshPerHen fofi Fg’BY' 109 qg’@@ﬂ\?ﬁ' g'ls gﬁ%b@lgﬁ%#?ﬁhﬁ 0312 rg(r:]gu(r)]?
the i mage ohjRCtimadd objabisiwifrSht RAEL b oDthe infageostieits campusieg ai piner f ace;

and popul.ate the n-dinen | .dat [
i mage oHlpecsoldefedrteithe Pﬁ’ztleggﬁlm g"aﬁ%é%‘ : ‘T(‘: %§5§Hg€$’ﬁ§%§°?£t’%ﬁ@§5§$ ':atogr im;\t tege

C‘i,_ reuit dimensional data structure associated with the 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 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




boar-d conprising one or nore conponents having one or nore pins soldered to
the printed circuit board, and wherein the logic is further conéi P 68
popul ate the n-di nensional data structure with a pin nunber as Q%%gf 4006
with the pin. 6. The conputer programof claim5, wherein the logic is
further configured to receive a user selection of one of the inage objects
in the first portion via a cursor nmemi pul ated by a mouse. 7. The conputer

pr ogr am of rglnédoq?@%rﬁbﬂrem@ logic is furt her configured to popul ate
a

thendlrren3| structure with infor on r (0] o0 the
| ocation of the pravide dbpe@phicale|uset ot erfgce-l- ﬁ?%rggé}ogﬁgr?o&of claims,

uher el n t Needfifsingl & fifsdoftdh. 60 Bioviiged grahicd afsplayl conprisha aRedpTens | onal
data structu eh

t | d th th
N 5. A spotcoimdgsrolidmlb 3 1erok e I e Ep9 S PR AR RE 0 dat 8
str :JCt “[5‘3 | O ?eﬁ&f ?d)g'iecﬂflntébeéfcult Hogifd, @R€ =5 s4npnd tpediobfomprovidipgtasy n-
appl i catlon,

system conpr, si f oviding a graphical
user |nterf@!tflen8loihﬂidgt%ﬁﬁﬁp?e'éﬁ aﬁ?ﬁ%‘?““l"ﬂ?"éﬁ? 8@8“@8‘%?33{ ng a first portion
for providing a @Eég@w@éréyuemb@wmm@ume abjetoin theofirst portigre0bbj ect s
with at | east one of the inage objects conprising a pin soldered to the
printed ci ribaigraphisal wser ierfagesamidond portion for providing an n- 35

di mensi onal dat apog;hrau&mér@d.meishmm sirddiuretiased apliecsdledionof 81g a neans
for receiving a user selection of one of the imge objects in the

26/ 05/ 2006 igegefobjest, portlon of the graphical user interface; and a neans
for popul ating tm\,\ﬁ wld,%yac@hpmwsua endiizs @f aoprinteed cirgéit ect i on of
erein t

he hl CSts b g!l e SPMBI fifSsAadred® of a

t I mage obj ect
' nt ed ci rleagrd comprising one or more co ponen
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




5 'board conprising one or nore conponents having one [

to .t_‘he_ print ed circuit board andrr\p/merei n the rrgans fg; ggg)ﬁl g.![ ins 5D gered
n-di mensional data structure popul at'es the n-di mensional data sfgébgdr%o()(i
with a pin nunber associated with the pin. 10 10. The systemof claim?9
wherein the means for populating the n- dinmensional data structure ’
popul ates the n-dinensional data struzture with information corresponding
to the | ocagisprpéion Ne ittiagsastigacuserel clotegfdce;Bbd The system of claim 9,

wherein th f ' - ' |
PopUl at es the n- aiTee BRaRLLEPS e Folveriot FRESARDr Bl SIS 000
conmponent agge&ioAldf theinbfe bijectpi n. 12. A system for linking a graphical

di spl ay and an n-di nensi onal, dat structu ' e it
SUppor ted by a CBPAFGIe-aPIEa: Serey PSS & fufusheERl iRty aeki, T ort ace

confi gured bardRbRHSIRg Bndlbirrabiccimpsnents hatieg bae or mptecpits apideredto

interface conprising a first rti for i i I ' Copl
conpri sing HigPrigted %P'&b?%@ﬁd @B?rgg"totgeWﬁaﬁggﬁﬁkg@%&ggﬂgh%@h?ﬁdqaﬂgagl i

obj ects conpgaSitR@tufe Populdies I Aetimendiond latapsirudted withy 8upin NHEWEH and a
second portion _ford provi di ng an n- di nensional data structure associ ated
with the graﬁﬁ’ﬁ@.éﬁ ‘MF"S‘BP&SV'; receive a user selection of one of the imge
objects in the first portion of the graphical user interface; and popul ate

the n-dinensional data structure based.o h | ect | : '

obj ect ; 1@ pi®cesThnFyeen é’g Ci%'ﬂf Pgt‘fﬁ"&ﬁe]? gh% n@?%%eg% P%IT@ i EH_‘e 223 ;mage

'?Ih -Sp'gfépﬂfﬁgiﬁ%g?ﬁﬁ%“ aataeammrétmpmategtme geiapdrisionkl dgler sirnteef Wil wherei n
raj i spl ay conpri se el .of . ' | i

oot o ng  BiemaloneesBaTeE e oreem 2 T Bk oS BRI | (Peu o

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.




35 the printed circuit board and wherein the logic is further configured to
popul ate the n-dinensional data structure with a pin number asgoc)

with the pin. 26/05/2006 22 5 13. The system of claim 12, mhere?%/kﬁifgggﬁ:
is further configured to receive a user selection of one of the image
objects in the first portion via a cursor manipulated by a nouse. 14. The
system of claim12, wherein the logicys further configured to populate

t he n-di nensional data structure with information corresponding to the

| ocation of the imge object selected. 10 15, The system cl ai
. . . - '- H 4 a 12
wher ei n t he 180gi Thé system ohelrint b Whgisie the;legic MHGF%&%’" ‘%e‘?\{c’cﬁeﬁ@kg} onal data

structure Woth | nbREa bOBud 6f Heofhdg® djeckOTPRRORL BETOF AL sbussorh the pi n.

16. A net hod %6 | T'ng e In [ [

X pection of a printed circuit board for
15 manuf act uranipglatkef lca mousthe nmet hod conprising the steps of, receiving a
ﬁgrrp?t e{arr_odel do; a printed circuit board to be inspected for

nuf acturing defects; providing a graphical display of the c t

ththfe pri ntiéd ciThe uysterboficthimni2y whersin Bisr {OigiS’nPsofu@ebr“&Bﬁ?ﬂuéo' %52; odel
| nterface; 20, BV MndiofafidE bl B wilAhRrRbidiioiieparmmcioahed wi th the
graphi ca di'spl’'ay of the conputer nodel of the printed circuit board
in a secondlqnaﬁdnmee)magelmbjeg?%qiﬁﬂf%I user interface; enabling a user to
select one of a plurality of imge objects in the graphical display of the

conput er nodel of the printed circuit board; and
10 15. The system of claim 12, wherein the logic is further configured to

populate the n-dimensional data structure with information related to a

'J component associated with the pin.

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
manufacturing 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.




popukating the n-dinensional data structure with information correspondi ng
to the selected i mage object to assist the user in controlling gg dg?gl rb%
system being used to inspect a manufactured printed circuit boa / 0
corresponding to the conputer nodel of the printed circuit board for

manuf acturing defects. 17. The nmethod of claim 16, wherein the information
corresponding to the selected inage mbject includes alignnent point data

to assi st ;‘Aﬂﬁplé&ﬁéﬁtea By el P! dyStemi toe inspect nthes ysaeufacta®d 1 gprim@te net hod of
claim 16, erein the information corresponding to the selected inmage

obj ect assi sk@lith®ardiser in generating an inspection programto be

26/ 05/ 2006 23 inplenented by the i maging systemto i nspect the

manuf actured printed circuit board. 19. The, h 0 | furth
conpri sing ﬂﬂg sTeg msthageeferiaity Hy frither Cﬁ’"lpﬁ@ﬂg‘éﬁ? %%ppéfo%érn gﬁrﬁb%%?oee e

i npl enent ed;lay. &b piddRsth MbS Hidianent@Poy fheemaginhsyster. cl ai m 16, wherein the
| mage objects correspond to one or nobre conponents having one or nore pins
soldered to the printed circuit board. 10 21. The nethod of claim 16,

wher ei n t heoj nf o AR ERddR ERRS S Whehdn tie infzge objEcotosdspandde codpPeCt

i ncludes the location of the i mage obj.ect selected. . N t hod of
claim16, whweretgmpanenisavinggae 8?”‘9 '??ﬁ‘die%gﬁ%@gsp "ﬁ%g%rﬁ%?lflts%r?pi n

soldered to the printed circuit board. 23. The nethod of claim 22, wherein

the information corresponding to the .selected i. [ eqt i des a
conponei® agtociE'ﬂ%d‘equhdt%mﬂﬁh.wq'fﬂ‘?’"%%'m'gggﬁ "‘g%é’ﬁ%t‘%?q'\l}ﬁerei n the
i nformation PRRRYbRE hebéethe batien eithe thagegieadbeleded.i ncl udes a pin
Wer asso?:‘%ig(%tée(g vvitﬁlybﬁ%te piun. e

22, The method of claim 16, wherein at least one of the image objects
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




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

board, the system conprising: an imging systemfor ca ' '
a manufactured printed 25 circuit boardgJ a%d an inspecﬁg:ll anggd‘f%zgpg{ﬁ
in communication with the imaging system and configured to control the
manner in which the imaging systemimages the manufactured printed
circuit, the inspection control systegy conprising a conputer program for

assisting a usey to ena | ' ' me

sting | AR b'SHEC bbRPutF PEdRMof theb manBRcturgsl
the i magi ngwt%’/s{hg_mg_r e c_orrpﬁtggr progr am glcj)rrpr_i i ng:. | ia(r; coﬁfigﬁregt teg >
recei ve a cpinted eircuitbdaid ing semdrmﬁ@ﬂé’é!h?r@aph'ﬁi”ﬁgré@e‘ggcfeéuit board to be

'p:pﬁftcef' ‘;.Or | ”5&‘:6« %ﬁnﬂ@r&@t@%{nﬁﬁé i udeP % GeRBNbAILT 8 Plurgitpobinate a

graphi ca i spl ay f~ conput er nodel of the m[anfacture | pted

cir ]E:yl t boastsjedts im thié geaphizat dispiay abfthe comRpIE d‘&‘?deu§grth%§”'ai"f‘|%8ﬁ%dge' | ogi ¢

(Zzgn |_gu[15ed ér?@giOVI“g% g@ Qﬁ(fil mensi onal data structure associ ated 26/ 05/ 2006
Wi th the™ ﬁFﬁ P. I Splay of the conputer nodel, of th math‘actured

Ip(r)| im(::egoﬁ:‘ rcui tdlbglarcbnﬁgur&dswcpwlai@ tther-gimangieng), R FHCE Y™ nt er f ace;

objg ccts i nl ﬁﬁﬁﬂ?%ﬁﬁ%{c}%& diffg o fie %Qeﬁ@b Gbg® opjcef tagdistrinkiusgr af | mage

2 ( ! _ caldrs I'ay of the conputer nodel of the manufactured
printed cgdreratingltiosindpedina pfagtane confi gured to popul at ed the

n- di mensi onal data structure with information corresponding to the

sel ected i mage object to assist the user in enerat.in [ [
S . . t he.
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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




27. The system of claim 25, wherein the inmaging system enpl oys x-ray

i magi ng. 15 28. The system of claim 25, wherein the information
corresponding to the selected inage object includes alignnent &&/&56?19&6
to assist the user in controlling the imging system 20 29. The system of
claim 25, wherein the i nage objects correspond to one or nobre conponents
havi ng one or nore pins soldered to tohe printed circuit board. 30. The
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) 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.




w t h.t he graphi cal display of the conputer nodel of the printed circuit
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cont rol | i ngwithéhei pimgi ng system 36. The conputer program of clai m 34,
wherein the information corresponding to the selected i mage object assists
the user’in generating an inspection programto be i Iemtant eﬁ rpy t he
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| ocation of the inmage object selected. 35 39. The conputer program of
claim 34, wherein at |east one of the inage objects conprises a pin
soldered to the printed circuit board. 26/ 05/ 2006




26 40. The conputer programof claim 39, wherein the information

corresponding to the selected i mage object includes a conponent iat
with the pin. 41. The conputer program of claim 39, wherein thezlaersﬁgséétqe[g%

corresponding to the sel ected i mage object includes a pin nunber associ ated
with the pin. Abstract Systens and Methods for Linking a G aphical
Di splay and an N-Di nensional Data Stpucture in a Graphical User Interface
Systens and pgetdipds for linking a graphical display and an n-di nmensional

data structure In a graphical user interf r [, QVI A4S a nethod
for 1inkingSustems e l&aﬂhoa$ 4951 Legkinghg C?}fﬁpiﬁcﬁcfﬁﬁﬁglf@ %Iana&?ﬁmst fUcture in a
graphi cal U$gf, sir l%f,@ggr Uk&dneiface conputer application. Briefly
descri bed, one suc nmet hod conprises the steps of: providing a graphical

user |nterface the graphical user interface conprising a first portion for

provi di ng asgét@éﬁ@'aﬁﬁ'met%&%ﬁhhkﬁ@@éﬂaﬁhlaﬂ dismyodndm'rﬁ-dlmmgmnalbja%ts and a
second porti provi di ng an n-di menma%(? data st Hﬁoﬁlr‘ﬁ( oci at ed

with the gr aipiteslin aiosmhigpl user btefage AP Y Q8 'éé‘tm one t he i mage
obj ects in %;Eagah bl afﬁgﬁgfé:ﬁcP%nOE-dtnk@.suoﬁélaaémceﬂmmrml atgraphica; usend

opul atin ional data strucfure b h on of the
lpmgge obj gcmterfaéegauppoged by a computer app‘lcat:on %ne y descnrb 8 3% es?ﬁ:ﬁ

method comprises the steps of: providing a graphical user interface, the

10  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;
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 based

15 on the selection of the image object.
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