;e3el | n6T}kr SYSTEMS AND METHODS FOR MANAG NG PROCESS CONTROL 11 A
GRAPHI CAL USER# NTERFACE J "159159" TECHNI CAL FI ELD GOOO2* The present
invention is generally related to conputer applications having a graphical
user interface (GQUL7 and, nore particularly, is related to systens and
nmet hods for manani ng process control in a graphical user interface. 10
BACKGROUND OF THESTMNTAIN MBETHODYFOR®IAN AGING PROEESS CONIROLAN A

applications that provide a gr anRATHICSETUSHRINTERFAQE control ling the

manner in which a one or nore steps in a sequential process.
General |y, these cgﬂ‘ﬁwm@@mgﬂg‘"fcati ons di splay one or nore obj“mﬂl"mﬁw"lmm"m"l
whi ch each obj ect 0 a %LW&% E' or steps)

process. 15 In this nafd8#" the user' i obj ect correspamdisng to
a first step and conplete the step. Wien the step is conpleted, the
correspondi ng obj ecThamyeskrt inveritod ingensnal]yl related tafcomputdr@pplications haypng ¢
conpl eted, an object corresponding to a second step nay be sel ected, and so

on. Existing sysbBithl WY iREfidedeNYAE mdiopavieiilariyhigrelatdo Bys&as sndei ng 20
controlled is conplicated. For exanple, currently, a variety of autonated

systens and/ or ocesses_are u for ctl f. | ng defects in
printed circui ngjgglgg%r.%mﬁgﬁﬁ%%%g?sfgﬁ%ltf&ﬁggrg;désp%?@ag?gégllﬁt%&lg#éI ude one or
nore el ectrical conponents (e.g., conputer chips, capacitors, etc.)
soldered to an integrated circuit (1C). Such inspection systens typically
conprise a printed circuit board nodeling system an 25 imagi ng system.,
and a cofitrol system Typical BACKGROTWNDl ORTEEINMENTIONed to Cenerate a
computer nodel of a printed circuit board that is to be mass-produced. The
I magi ng system Comﬁuﬁ%ﬁtliﬂ%&‘é@fqea @ﬂ{’étfbf %ﬁﬂ%@r ﬁ)lpﬁigétj&ﬁﬁﬁé’!ﬁﬂr@@déﬂ Sripheia] of
t he manuf actured printed circuit board. Currently, Inmge System énploy a
variety of imging techniques (£.0., .a-ra tical; ultrasonic, thermnal
mage, erc. ). A WEHATOR! SORTARE FisRany i WRish 5 dser P SR AL AR glohs
conmput er nodel of the particular printed circuit board fromthe nodeling
system Based 8he segenidalpreasss. ngerarallyt Hiese eprp@Er Eppdigatienh dienlay)apeemerean

i nspection programto be inplenented by the inmagi ng system The inspection
program nmay beobiged, inovhitigscheobjent dbredpondtoprpanti @darcstercor stepopihdhe phuiceds. | S
based on the conputer nodel generated by the nodeling system After the

i magi ng1§yst enMp@nNehahes, thhasdr 12t tHeHB xR BaH-APbHAIBH tdh gt @ebpCniic ul t
board, the images nmay be conpared to the conputer nodel to inspéect for a
variety of 10 fackurjng | Qj 1t s I 1S,
mssing componSut e eBE WAkEE Sehs fhon BRE B BofEnoh Bl et i
excess solder joints, reversed_capacjtors, solder palls, solder vqids,
etc). Control é’&?élieé‘r?é CPWé’f"é?re a&eﬁrmerpe\ﬁforpe%wﬁ%@?ﬁcwrg%? gtoa
typically enploy a graphical user interface to assist a user in the process
of generating sdvend step may be selected, and so on.

Existing systems may be inadequate, however, where the process being
20 controlled is complicated. For example, currently, a variety of automated systems
and/or processes are used for inspecting manufacturing defects in printed circuit
boards. Printed circuit boards typically include one or more electrical components
(e.g., computer chips, capacitors, ezc.) soldered to an integrated circuit (IC). Such
inspection systems typically comprise a printed circuit board modeling system, an
25 imaging systerr, and a control system. Typically, the modeling system is used to
Y

generate a computer model of a printed circuit board that is to be mass-produced. The

Imaging system comiprises hardware and/or software for capturing an image of the



15 inspection programto be inplenented by the i maging systemand for
interfacing with t e PCB nodel i ng system These processes are often very
conplicated and nay be very problematic to inplenent in existing systens.
For instance, existing systens are not capable of displaying and/or
controlling dependenci es between two or nore process steps. Consider a
situation in whlEER2EMIGRERISd BiEPHEDeRIAa §ETrcREFIage SVLFES Py q WRRiehgP!
steps: "Process Step 1," "Process Step 2," "Process Step 3," and "Process
Step 4." The comgudetechpiphec@id obrdayptapllaysobd, elodrmat nnages pondilhg conrelach
of these steps. In this exanple, a user may sel ect each object and conplete

the correspondipgrs h&,gcsangge%@gérf%m ﬁl@fcgnfaﬂﬁn@métsg%u{ﬁ {BHeK 6B DA RARE GhiftedNOW

assune the user” desi orm "Proces3 agal n. Existing systens
do enabl e a user to repeat 25 previously c | et ed steps. Ho e en a
dependenci es eS’(IF%’EthEﬂ?F‘E\SQHJ éﬁé@%ﬂmg 5@5@%?’[ %ei%g&n‘é’nﬁ?“éﬂ\%&%\fﬁ%ﬁmn C.
For instance, if "Process Step ?" and "Process Step 4" are dependent on
"ProcessSStep fysteanthay gesenaterapipspestioppoeges tobe prmplemengsd bt tha gmegisg sysiem.
have no way of accounting for the dependency. Thus, there is a need in the

industry for syRé Bi¥pectidsl ¥ a¥ BE ussRAnage PhoeRSEnEeed bfiftedicircait board,
graphi cal user interface. SUMVARY OF THE | NVENTI ON The present invention

provi des systeps. f 09, 0r - r i

Gser it ert ace hied 1ohEa R kBnp iRy ARG PleREETSy bR E R el 2GR, |,
managi ng process control in a graphical user interface. Briefly, gescribed,
one such met hoBnagseFySIER SERfEates Higgmaees of thp mapHrsturee PHRtsA cirpuib poyl; et s
on a graphical user interface, each of the objects corresponding to one or
nore steps i n anzagesusytheadomparakeshe competsponsel thansgeet for eperieylyfect in the
sequenti al process being selected and the correspondi ng step 15 being

successfglly copRhRERding \defdddd (o)., Hpeh isBilet fﬁh‘xt@,@shbﬂ@, kR teotpohatds,cat e t hat
the corresponding step has been successfully conpleted; and in response to

one of the objects corresponding tg-a previous| I . p '

sel ected and sﬁ‘é@%%?‘fﬁ‘?rﬁ}lg%pc?ﬁﬁﬁ g}sgﬂ:',mgglsslgpﬂo I&X’t%gg%oﬁ%#gegio%&ﬁeg%g@
determ ni ng whet her any _other previously conpleted steps are dependent on

t he changes naeRPapitorsRoldar dalls selder veidsl @eded step; 20 and visually

di stingui shing the objects corresponding to the other previously conpleted
steps to indicate tBahtroheyptearsdantplerhentedinpdueteatd PERainspecAnn systemetyipoxiilyent
of the present invention is a systemfor nanagi ng process control in a
graphi cal user ethplo§raf BeshiBHl BE MtcdRSE td DBt 2 ABG 18 Hed oY Sk VN ERFRIN SIBE

| ogic, a processing device configured to inplenent the |logic, and a display

2~ devi ge configurad to, SUPNEHL BRMARN SRl 38 eI HEL AlGor S RY with S

configured to:

the PCB modeling system. These processes are often very complicated and may be
very problematic to implement in existing systems. For instance, existing systems are
not capable of displaying and/or controlling dependencies between two or more
process steps. Consider a situation in which a process being managed comprises the

20 following steps: “Process Step 1,” “Process Step 2,” “Process Step 3,” and “Process
Step 4.” The computer application may display objects corresponding to each of these
steps. In this example, a user may select each object and complete the corresponding
step, in which case the object is marked as complete. Now assume the user desires to
perform “Process Step 17 again. Existing systems do enable a user to repeat

25 previously completed steps. However, where dependencies exist between steps,

N



display a plurality of objects on a graphical user interface, each of the
obj ects correspondi'ng to one or nore steps in a sequential process; in
response to the proper object irl the sequential process being selected and
t he correspondi ng step being successfully conpleted, visually distinguish
the object to indicate that the corresponding step has been successfully
conpl et ed; andeiistnesystemsare yenymeobitmaie By iastescs of TRyegrshdiapg’ tanda Process
previ ously conpl eted step being sel ected and successfully conpl et ed,

performthe fokipunge 8éRR8entdRl ProdeseSwhar’hed aanyr #bbas “ProeydsBiep ¥,”
conpl eted steps are dependent on the changes nade in the previously

conpl eted step,_.ar i.sually _disti i : ! esponding to the
ot her previ ousFyﬁw%séﬁg&%ﬁngﬁA&%Sé%ﬁ i gé‘?xgﬁagﬁrgfe%%ﬁéé ‘are to be

conpl eted mai n. Anot her enbodi nent, of the present inventign . is a conputer
progr am enbodi ed i nTAus3hese tcs needin g WARET f?ﬁﬁ?ﬁi?mﬁﬁ%ﬁieﬂ'@%%@éﬁwg&%t rol
in a graphical user interface. Briefly described, one such conputer program
conpri se§ | ogi processfdogtrokit 4 graplkicapiseryinterfaceir al ity of objects on a

graphi cal user interface, each of the 15 objects corresponding to one or
nore steps in a sequential process; in response to the proper object in the
sequential process being selected and the correspondi ng step being
successfully conpl eted, visuall iStl i j o i ndicate that

t he correspondi ng step has beeﬁﬁgﬁbié§§?QF?@H§Qﬁ$?E#§@?Hind in response to
one of the objects corresponding to a previously conpleted step being

sel ected and succesdhepregemonventioharevidesastensrandmectheds lohunagaging psocess
determ ne whet her any ot her previously conpleted steps are dependent on the
changes made i porithg ik @rdphital Mseg itpifedecd step; and visually distinguish the
obj ects corresponding to the other previously conpleted steps to indicate

that they are to be%@%ﬁb%%gxﬁ%?%ﬁ&e%%%ﬁ?gg%%ﬁéﬁﬁmgﬁ%@?&Smaﬁa%%é’%r%éessa”d

advant ages of the préese e o econe appar ént“to one
with skill in the ant upon.exam nation .the follow ng 4 aw ngs_.and
Gt i Tod descr PORTDA 2 EPREa AR Haten iy oSttt vichnfhad boERuSe
met hods, features, and advantages be included within this description, be
wi thin the scofiw stdpstofiedigpleviae plurelitytof ohjectsrd deraphiselaserwtasjacezach of the
acconpanying clains. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS The i nvention can
be better undesbjeaedomtipandiiges ©ne€ or inord fepsfialal segbdigiatipoessgin redpmse to the
conponents in the drawi ngs are not necessarily to scale, enphasis instead
bei ng pl aced upEReChakY td dedBbiitl bRRedsRiMY delichdd £:3 RE cbR&pBLERER

i nvention. I\/brglg)\ggr ,lﬁi nu%{ﬁﬂe gggavh{tﬁigg Ie%skelﬁrgefeer ence num%r al g desgg{negt e

corr espegdi NG PALL 5 A8 OUaNAUla N, JRUELAICE Bl Bl Ger o shiicihe Tl V!

bl ock diagram o

corresponding step has been successfully completed; and in response to one of the

objects corresponding to a previously completed step being selected and successfully

completed, performing the following steps: determining whether any other previously

completed steps are dependent on the changes made in the previously completed step;
20 and visually distinguishing the objects corresponding to the other previously

completed steps to indicate that they are to be completed again.

Another embodiment of the present invention is a system for managing
process control in a graphical user interface. Briefly described, one such system

comprises logic, a processing device configured to implement the logic, and a display

e
W

device configured to support the graphical user interface. The logic is configured to:



process control managenent system of the present invention may be
inplemented FIG 2'is a screen shot of an enbodi nent of a graphical user
interface 15 illustrating an inplenmentation of an enbodi ment of the process
control managenent systemof FIG 1. FIG 3 is a block diagram of another
enbodi ment of a systemincluding an enbodi ment of the process control
managenent sy siiyor pIRragty of oifeats on ajgsaphiqal HoErdRFiRCE. ISR oF BeioBiECihe
functionality, architecture, and/or 20 operation of an enbodi nent of the
process cont r gbrrexeageires ons vshem sttpFinGSeqlerhal prdckess; itbrdshbnsstto disgmopere
screen shot of FIG in which an object corresponding to "Process Step 1'"

2
has been sele Y/ : 0B ol Jer@p - t.of FIG
5 in which th?"gegf @c@éé%@%été%l ﬁ%?cﬁgg?lgﬁgfétggt?é&%ﬁ% W QEtifEfop Being | y

di stingui shed by displ ayi checked- box .qbject.to indicate that the step
has been succégéeﬁﬁm@y e%n&%@e&suébdgmﬂﬂlﬁ PRIEEE I R lcé?rtg%tgg hot of FIG
6 in which the objects corresponding 5 to "Process Step 2," "Process Step
3," and 3' Pr oc esgeponping stapahas batrs sucoessilly comaplbtpd darst inrrgsrioshetd dne of the

di spl ayi ng a checked-box object to indicate that the corresponding step has

been successf yhjaktsCRrRERAthg ﬁ!a%reﬁohilk @Sk R @B stbh Beifg kel RAAE sidceldfdly 7
in which the object corresponding to the previously conpleted step "Process

Step 1" has bee I ed b he.user. . i rat : reen
shot of FiG SRS errome s eUP Bk s Alrleil Wit dBt SHEBr4el ec,
successfully conpl eted again and in which the Otc)lj ects correspondi gv{eo
previously cofrpmpteief sersae dependeniondhe shanges made pp fegygviguely camp StEben
visual |l y distinguished by renoving the checked-box object and hi ghlighting
t he border of ahfeisabjlyedistihguisnthe obfeetst doatespdreingtor ths ptired preyiatsgpcamspletdbe
conpleted 15 again. FIG 10 illustrates the screen shot of FIG 9 in which

the objsect CONfBs ORI theh they 8295 e ShPicdea ago been 1 esel ected by the
user. FIG 11 iflustrates the screen shot of FIG 10 in which the

previously conpl eted "Process. Step. 2" has been successf ul conpl eted again
and has been 20 vi <thf ?em%maﬁ%ﬁ&?rﬁ?ng&vﬁﬁ%ﬁga %O%ngﬁ(%ra% obj ect
to indicate that the step has been successfully conpleted. FIG 12 is_a
bl ock di agr ameBogi¢sineacomphtsaireasiablegnediumyfor BgNREINERTQTEST $RNMH! Hre gewphical
control managenent system of the present invention may be inplenented. FIG
13 i s a bl ock uderdntezface. | Brisfly ddéscribed ope sudhecbmputenprogaaacanphises logly be 3~
i nspected by the systemof FIG 12.

configured to: display a plurality of objects on a graphical user interface, each of the

15 objects corresponding to one or more steps in a sequential process; in response to the
proper object in the sequential process being selected and the corresponding step
being successfully completed, visually distinguish the object to indicate that the
corresponding step has been successfully completed; and in response to one of the
objects corresponding to a previously completed step being selected and successfully

20 completed, perform the following steps: determine whether any other previously
completed steps are dependent on the changes made in the previously completed step;
and visually distinguish the objects corresponding to the other previously completed
steps to indicate that they are to be completed again.

Other systems, methods, features, and advantages of the present invention will

25 be or become apparent to one with skill in the art upon examination of the following



G FIG 14 is a block diagramillustrating a punted circuit board that may
be inspected by thé systemof FIG 1'', which has a manufacturing defect.
FIG 15 is a screen shot of another enbodi nent of a graphical user
interface illustrating the process control managenent systemof FIGS. 1 and
4 inplenmented in 5 the x-ray inspection control systemof FIG 12. DETAILED
DESCRI PTI ON FI &awingsging dstablef descaiptiar &fis anendpddhatidisuch adgitienal gystems.
enbodi ment of a process control nanagenent system 110 of the present

i nvention nay fhethd@s,ifeplespnidedvaitaged Beliatindeddithm fhisGEestriptpym be sdthiotiter ol
managenent system 110 works in cooperation wth a graphical user interface
101 to enabl e 8 £0S;

sorr espondi ng 185 pIPEr BeHE N nlClE PP BRI e BRI By
“franagenment system 110 manages the manner in which the user 103 interacts
with the process steps to be conpleted via the graphical user interface |
OL. One of 15 ordinary skill in the art will appreciate that the particul ar
steps toSbe conpl eted and BRIEJRDESARIEELON OF THEe DRAWNGDei ng

controll ed by process control managenent system 110 is not critical. For

exanpl e, process cOTh¢ RlvefBSRgeI B Bety Shedtddd witkirefBpding €0 &RYollyRengof
process, such as the process of preparing a personal inconme tax return, a

manuf act uri ng S t . I i .shot
300 of an e dresompeaniki B v RECHR by obrParly My BEBEES
i npl enent ati on of process control, managenent system 110. Process control
managenment sy s@étﬁﬁchﬁnﬂﬁiacﬁ‘ﬁ 8PRelear lb%lgﬁgé%n&:@ﬁtﬂné‘l‘”%rﬂf thepresent NVEHHER-0n

of a display screen that is in connnunication with graphical user interface
101. Process cHpteover,iethe G8@inpsoikaieferedve numeanal? Gesigmdte obrremponding parts
corresponding to a particular process which I5 to be controlled by 7
process1ont r o, ARABECHEREvSNSH&M. 110 and with which a user 103 interacts
to conplete one or nore steps in the process. Accordingly, in the

enbodi ment illustrated in FIG 2, process control nenu 302 conprises at

| east one object 306, each of which correspond to one or nore steps in the
particul ar process that are to be 5 controlled by process_ control .
management syst em 1465-drig adegiyicvebblopy disgem 908 systan 1 whichraembadimepiat aq
situation in which process control managenent system 110 is configured to
manage the pr owesssscbnipoleparagementsystenootthe aresemtinyentionmay hesimrpldi8nted n
this exanple, process control nmenu 302 may conprise a plurality of objects

306, eatch cor r esponeiAN@ it Q sereleA khdtladlentolinédt of A&rapHRsae S ser GhiteFb@PAr i Ng an
I ncone tax

15 illustrating an implementation of an embodiment of the process control management
system of FIG. 1.
F1G. 3 is a block diagram of another embodiment of a system including an
embodiment of the process control management system of FIG. 1.
FIG. 4 is a flow chart illustrating the functionality, architecture, and/or
20 operation of an embodiment of the process control management system of FIGS. 1 &
3.
FIG. 5 illustrates the screen shot of FIG. 2 in which an object corresponding to

“Process Step 17" has been selected by a user.



10 return to be perforned by user 103. For exanple, process control nenu
302 may conprise an object 306 for each of the follow ng steps: obtain
filing status; identify tax year; obtain wages/sal ary; calcul ate taxable

i nconme; determ ne adjusted gross income; obtain deductions; obtain
exenptions; cal cul ate _taxable incone; calcu e_total tax;.obtain credits;
cal cul ate tax owed, Fﬁ@c@ ilsaRtes the $FEeBRELS 8 lﬁﬁnﬁh\iﬁj&ﬂ%ﬁﬁt Sgrpseepams
information identifying the particular step to which it corresponds.
General |y, an objRBrotess@emilyhisdeanyisualdydisningitishegrtaphisnaying e sheshederoxace
that may be individually, or otherw se, selected and/or mani pul ated by the

user 103. For exaiPlodndieMetkdtIhediep MRYhRARREISSullg ¥ émpRaes, pi ctures,
etc. As illustrated in the enbodinment illustrated in FIG 2, objects 306

may be 20 configure S-whrtual .buttons.t .he. t
103. When the obj ec(théo%ﬂ?“?tqgéf&%S§ESDSP8€@F§E2§$§3§%W@%§§ r?en%o%égéigd?ﬁqgllo
(or another conputer application working in cooperation wth process
control Ranagef®irosssstSéen 4.1 6Fraeass Ster 81 iandt BTRasADHPEP ifohays alspdeen visually
correspondi ng step(s). For instance, process control managenent system 110
may control a disnugaiched hindispiepiag ashetkedvifoxdb) e seindiratsthepthe@orresponding
corresponding to a particul ar object 306 nay be automatically conpleted

when t he cor @ﬁﬁ@l%@ggéﬁgsugpésgﬁﬁlg%gﬁn iﬁqusel ected. In alternative

enbodi nents, the process being controlled miy be configured such that an

obj ect 306 may have re.than one correspondi step. .Thus,.process cantr ol
nmanagenent system 1fgarr§§ﬁ"}§§a??5 eisg‘jﬁﬁe&fi&o&g#&g;gpént Crh@&pbie%{ LU EPPIYRS
obj ect 306 and then interact with one or nore sub-steps. For instance, in
the above exanid thewhevieusineomplstedsstepi ‘Rrotese Stepriédwsibaen weselasted Sydhauserhe
user | 03 may select an object 3 06 entitled "obtain wages/salary." After

the obj ot 306 is s@E[ECH AthstrBled GRSRreeaRh60 FTEN AL RBAGh Sy Prervdsly comylebnl
configured to receive related information (e.g., W2 data, etc.) fromthe

103. In thj - 0 i - |
bornt ot 10" conf PEPRES 1 R BRRAERSARN LA UL W AN T
th ti f the_ graphical interf 101 (€. g, | th .
i ndow 5 pop. GITPRBANE W prerjousheommldles Fiepo ProRte e S 2] TBees Shem ¢

menu 3D2 may be presented to the user in a w ndow of the graphical user

i nterface. Onehsve nedivisvally distinguished hyeremoing the chgnleddiozs ob] echan@eighlighting
process control nenu 302 need not be presented in a | 5 graphical user
interface or athdboddey.ofliie difedt to fidieaesthacthelcofrespondagen®nis ts s completéd O may
be configured to present process control nmenu 303 to the user in any format
on a digplay dguyiige. FIG 3 is a block diagramof an enbodi ment of a system
107 for inplenentizig process control managenent system 110. Process

har duar e, or & comby i | ICEREFOBE St oh S el Aeme e P i iRt

3, process control rranagerrent system 110 is
to “Process Step 2™ has been reselected by the user.

FIG. 11 illustrates the screen shot of FIG. 10 in which the previously
completed “Process Step 2” has been successfully completed again and has been
20 visually distinguished by displaying a checked-box object to indicate that the step has
been successfully completed.
FIG. 12 is a block diagram of another embodiment of a system in which the
process control management system of the present invention may be i1npleménted.

FIG. 13 is a block diagram illustrating a printed circuit board that may be

{9
()

inspected by the system of FIG. 12.



i npl enented in software, as an executabl e program which is executed by a
processi ng device 102. Cenerally, in terns of hardware architecture as
shown in FIG 3, system 107 conprises a processing device |02, nenory 104,
one or nore network 26 interface devices 112, and one or nore input and/or
output (I/0O devices_114 9 interconnected via a |lqcal jnterface 120
System 107 may furt Ke¥- &b blogk digram Hﬁﬁmﬁ%ﬁﬁﬁémdsmﬁ&t %PFTI RYTRERRE i n
FIG 3. Referring again to FIG 3, the various conponents of system 107

wi || be descri msdectedbmlithd sysenf atllG. 20, whichties afipanudacamuigddfett. not i nited
to, one or nore buses or other wired or wireless connections. The | ocal

interface 120 may hayg. aslhid 4208l shet 6NBIdSer ebodlinédt®f rBrdghech] 1igdr interface
sinplicity, such as controllers, buffers (caches), drivers, repeaters,

an
KRR, L e T S I

communi cations anong the aforenenti oned conponents. 10 Processing device
102 is a-har dwieex-giinsrection cenEal systag ¥ dlbndfe, particularly that stored
in nmenory 104. Processing device 102 may be any custom nmade or

commerci al | y-avai |l abl e processor, a central processing unit (CPL)7, an
auxiliary processor anong several processors associated with system 100, a

sem conduct or based m croprocessobng RI]EEB ﬁgsmﬁﬂdﬂ crochip or chip

set), a macroprocessor, or 15 generallTy any device for executing software
instructions. As illystrated in FIG 3, nenory 104 conpri se an
operating system 10@?&0{];}5% OHQF@%?&E)P?Eéﬁt?fﬁsm%%f”%g%da“p%@é@?e%%?oI
managenent system 110. The architecture, operation, and/or functionality of

process cont r oproseserpamehmasgaamant $3demililD of ghepressnt brvéntion thaydel bel ow.
Menory 104 may include any one or 20 conbination of volatile menory

el ement 30( e. 9. impRA*AMIA LTS sHREDIYFICAVDrore e controDRAN gebdilVeysEARAVD works
etc.)) and nonvolatile nenory elenents (e.g., ROM hard drive, tape, CDROM

etc.). Memory ?19?0 Yatiol %@@ﬁ}cﬁi Gk iQRiefce m%elébélbcie oﬂ?hf‘ £idle u G G4 1o
ot her types of storage nedi a. rthernore, nmenory may have a i
distributed arclytecture, in which varioyus conponents are sjituated renote
from one 25 anBF"LHA‘é‘P? OB PT ©aK %%Psé‘@é@mt%%%@%%ﬁi i%ngﬁ B9CCSSThe
software in nenory 104 may include one or nore separate prograns, each of
whi ch conpri sesomrdcuanagementraystenct ilomendgss themphuenes in Whirhl the esal 1 0B unteractsns .
In the . exanple of FIG 2, the software in nenory 104 includes process
control nmanagewgthtths pricess stdi} ta®eebaipided Giatthe gapRizaNiser ivafideq0]. aEwry

104 may further conprise a S suitable operating system 106 that controls

the exegsition gfqiRf-HekiNGANRLIES Wil bfSHeB#a%s that the particular steps to be completed and the
general nature of the process being controlled by process control management system
110 is not critical. For example, process control management system 110 may
manage any type of process, such as the process of preparing a personal income tax
return, a manufacturing process, etc.

20 By way of example, FIG. 2 is a screen shot 300 of an embodiment of a

graphical user interface 101 illustrating an implementation of process control
management system 110. Process control management system 110 may provide a
process control menu 302 in a portion of a display screen that is in communication

with graphical user interface 101. Process control menu 302 provides the main

25 control menu corresponding to a particular process which 1s to be controlled by



such as one or nore applications 108 and process control managenent system
110, and provides scheduling, input-output control, file and data
managenent, menory managenment, and communi cation control and rel ated
services. Process control managenment system 110 may be a source program
execut abl e 10 program (Ob] ect code), script, or any other entity conprising
a set of instrDIOCESHONTTe] anagspiest fstem VWheand Wifberiiph agses! 04 istRgEto
program then the programneeds to be translated via a conpiler, assenbler,

interpreter, otorhplerd drieeor ritdreGtepsRy therproaeEs. NAtcdyéinghC e ceniddivent he
menory 104, so as to operate properly in connection with operat| ng system

106, Furt et Ml BEGPERS 008Kk ORRAORIEN'SAO LSLBALIER 1URY oot k! 121

as (a) an object orie ranm ng anguage as c asses of data

and net hods, rocedure programm ng | an whi ch has ro tlnes
subrouti nes, ﬂfd‘;'gz“hfcﬁ E?Hoé‘ do OPEPT ’%QMF@ 18&? ﬁ ‘F]?%Pﬁoéasst at et

Pascal , Basic, Fortran, Gobol, Perl, Java, and Ada. Network |nterface

devi ces)5118 nmﬂméledhypd@nﬁ&:mrmmﬁi@agmem@yﬂtamilllﬁtmdeomlﬁtcﬁrh}amﬂzdﬂﬁon
bet ween system 107 and a conmuni cation network, such as a public or private

packet - swi tched or PbhRktaded, 2oRGEM ditubhsh uﬁwnﬁhtpb@cebmcﬁfmtmanec@mé&tswem
swi t ched network, such as the public switched tel ephone network, a wreless

network an opt if(ﬂguct%f%éﬁrpﬁto S‘Qé' Qtf?%%ﬁégfsﬂr aq'm% &ﬁgttéxoﬂg 50 W e

infrastructure ut |%e r|°s ny-device conf
to comuni cate 25 with | ocal |nterface 120. One of ordipary_skjll in the

art will appretfhtld thisgxampie, pr%swﬁbm@auéﬂ%n@dﬁpn@eﬁa@m&ﬁaw fpbisstn

107. input/output devices |20 may include any of the follou~in g, or other,
devi ces: a keybiffredch eormaspexdingtsppayicaeystep in tisphocss of prepaingamincome tax
serial port, a parallel port, a printer, speakers, a mcrophone. etc. As

i 11 ustr gy ed inre'ﬁlr@&o%e SBHAAR BPTsck Y3, PG Hilngle THOCRY odHRAY BAAI0D Il Vi CO

116 and a display device 118 escri ed in-detail bel ow, process control

managenent system |l [ofe]0) with a gr ser .i.nterface
T01 Lo enabl & BTEPHE Tutie ab fooet o Hsupap e ChoiRel g 4G5 ity
corresponding to a particular process. Accordingly, the user 103 may
interact with Wd’@é’é@b@éfhWPs?S/mgé}P@hte taxgblemertes; @P@nm@mdal}st@fbgrp&% 118
and cursor mani pul ation device 116. 10 Thus, one of ordinary skill in the
art will appr eicatne; dhtain dtidsqticmg; Giﬂadinceeeﬂ:j:ﬂonmyca]cuhmﬂaxdﬂamconfe; thleulate
followng (or other) types of devices configured to support the graphical

user i nterfaceiotd tHOHBE EredRE daRinlattaki FHbddeer m&@bfdfe%ﬁys 10y a
pl asma based display, an LED based di spl ay, a touch-sensitive screen such

h I
gl sy s?%f?%ék%ﬂ%%ﬁ%%m%ﬁ@é% AR b a?”&?%ﬁa%ﬁ%%éévi ce,
regardless of the upderlxing,di el ey %g@@gggggymgﬁsz;lhu%%@e%fm%at 0Ly be

mani pul ati on dg&t

individually, or otherwise, selected and/or manipulated by the user 103. For example,
objects 306 may comprise text, shapes, pictures, etc.

As illustrated in the embodiment illustrated in FIG. 2, objects 306 may be

20 configured as virtual buttons that may be selected by the user 103. When the object

306 is selected, process control management system 110 (or another computer
application working in cooperation with process control management system 110)
may facilitate completion of the corresponding step(s). For instance, process control
management system 110 may control a manufacturing process, in which case the step

25 corresponding to a particular object 306 may be automatically completed when the



device configured to cooperate with an application 108, operating system

| 06, and/or process control nanagenent system 110 and nani pul ate a cursor
di spl ayed on the display device 118. For exanple, cursor manipul ation
device 116 may conprise a 20 nouse, a trackball, a set of navigation keys
(e.g., arrow keys), and a joysti.ck stick, to nane a.few During operation
of system 107, c%pﬁﬁﬁ%%eﬁgﬁéﬁ?@gaigzm g %’f“legq{l’?@guﬁlgnéx%ggf%cgfso%ﬁl%g
stored within the nenory 104, to conxnuiucate data to and fromthe nenory
104, and to gee¢natmliey meyrherconfipwsd auelothet o objket HpaneyhaErpiftsgaake t o t he
26 soft~~~are. Process control managenent system 110 and operating system
106, in 12 whaeteepOxdih@stBal Thud)prodeyPtdatdl Yndnhgerh értis@stemalrl® mepe by t he
processi ng device 10'?. perhaps buffered within the processing device 102,
and t hen execufed. ' ' TR stem
110 is inpl ene%cp%&cufb:? tggpggéwéég&g&gﬁg%ﬁ%@g@% pr chg‘gmég%te rs%l
managenent system5_ 110 be stor.ed on any conputer-readabl e .medi um f or
use by of in CWHWT%W%WI&WCW oveSH TRt WhHEE A BROCRSHERTIVES n t he
context of this document, a conputer readable nmedium may be an el ectronic,
magneti ¢, optimaparinga ety tysuseall 03 endycseleot amelsinst I00antittey “olotainai n or
store a conputer programfor use by or in connection with a

conput er - r el at 9eb3uatap™ O f1afRhH B ect Y L8 38l £ A frBtesT RIAGS TR Mgt Sh EiPs k)
may - 10 be enbodi ed i'n any conputer-readabl e nediumfor use by or

n
connection wt n.ipstruction executi em.. appar r_dewi ce.. such
2ea comput er - PBeY B bRl s FEE8H BT T RER ORI S b o8 i s,
that can fetch the instructions fromthe instruction execution system
apparatus, or WeEVied Brifisepemst.che peocesfstontretl meRY 302 pravadescotrngR point ehi s
docunent, a "conputer-readabl e medi unf can be any 15 neans that can store,
comuni t@t e, peomneddatdother sub-stigayraLy bé bempleagl fonckamples én bthepportions of the
connection with the instruction execution system apparatus, or device. The

comput er T eadablgniiRdisiintRfhcbor (O, GXAIHhE dilioW ol pbi B kAW, ci).

el ectronic, maa~retic, optica tromagneti c,

sem conductor systemn . arat.u vice, or_propa i,0Nn di um e

speci fic exanpl es (g.]s Hﬁ%ﬁ?ﬁadgﬁggf’lﬂrgﬁss 8?1“?91@??%‘ zrm?XnE?PlFeéggg%FOeﬂlﬁéla?rum
woul d include the follow ng: an electrical connection (electronic) having
one or nore wiRdswindowRfithe grarispiyserinterfagre Qne qf padinaty kil ingthe aHIBW access
menory (RAM (electronic), a read-only nenory (ROM (electronic), an

er asabl e pr ograppneidte, hoseten thay prasesy gonfiePREM: 3EERRGMotdre fresmbednmrar y)

(el ectronic), an optical fiber (optical), and a portable conmpact disc
read-oniy nmenDiphdeal LR facOBT 4 GRhdow. Nt Rct BAicet@n&oIRiahSsenh @A ERE 110

medi um coul d even be paper or 13

may be configured to present process control menu 303 to the user in any format on a
display device.
FIG. 3 is a block diagram of an embodiment of a system 107 for implementing
process control management system 110. Process control management system 110
20 may be implemented in software, firmware, hardware, or a combination thereof. In
the embodiment illustrated in FIG. 3, process control management 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.
3, system 107 comprises a processing device 102, memory 104, one or more network

25 interface devices 112, and one or more input and/or output (I/O) devices 114

\



anot her suitabl e nmedi um upon which the programis printed. as the program

can be electronically capruxed, via for instance optical scanning of the

paper or other medium then conpiled, interpreted or otherw se processed in

a suitable manner if necessary, and then stored in a conputer nmenory. 5 In

alternative enbodi nents v~l here _process.__contr ol nagenent system 110 i s

i mpl enent ed i niHgGcaMREESd YR Gdae u&%ﬁﬁcreoporm%ﬁ%f%n& mey JWrher f}é@pﬁaeya%gtlonal

i npl enented with any or a conbination of the follow nj, or other,

t echnol ogi es: aomipsnems Rotlitigsteated incki3. §) having | ogic gates for

i npl enenting | ogic functions upon data signals, an application specific

Integrated circuit (Eapllhely imgmp§,QHf b%&s%%ﬁ@ﬂt@%ﬂﬁ%1b¢WiHbgat es,
(PGA), a a bl

a pro~anmmabl e gate arrays ield progr e gdte array (FP&),

etc. FIG 4 is_a flowchart illustrating the architecture,. functionality,
and/ or operati 8F% eg‘lni%%élﬂitle ?ﬁ{%fmﬁ}'gf:’efgg%‘mFb}lglﬁér%’&%‘é%tﬁto%ey%rtrﬁﬂﬁello.
Process control managenent system 110 begins at_ bl ock 400. Process control
nmanageneAt 15 byw@mom‘*ﬁsgg Wevirglpssicaneertions.a The Mcalinterfage [ 2Omdyviake 114,
In certain enbodi nents, process control managenent system 110 may be

i npl ement ed as aadditivhAgitdl @erithabhibRyreasneet If@dsiﬁnﬁlieimrsa&}i axoyslien) Bifferand an
application 108. In alternative enbodi nents, the functionality of process

i t

control manage yak hdplement '

appl { cat | on ToLELEHEERE FaskaBy. o BERARERS ol R RoRolt rtklheiore,
bl ock 402, process caontrol managenent system 110 dispjays a plurality o
obj ects 306, edtnogl Wpkeriesr %&m@xm&e %@Tﬁﬁe"%‘mﬂﬁﬂ@o& étﬁ§°§?ﬁcg°§%tﬁ@4{ﬂea|
process. As described above, process control managenent system 110 may be
configured to eppropuhteaommypeatwhs pmongdls afatentkntiopébeothpackts404, process
control manaj enent system 110 determ nes whether the 25 proper object 306

in the gequential prresassiniasvieee02 %ol BAHRdre dedicePEEcating &FfBvdre Yrtichlarly O
FIG ~, consider a sequentral process conpnsing the foll ow ng steps:

"Process Step L% o VAR o ot R o) tep
4." Upon initia %t Stno ?%C?ﬁ%?%ggégfbé o] nlirr0 8{;51%%%%315%% ngﬁysbteea%?%%t&nt %ga%?lgper
object 306 in the sequential _process corresponds to "Pr 8ess Step. 1." After
"Process Step Eomirser@a%éwabfq RFOCESE QM ICERIERH PIRGFEsing Braé? %weﬂetaugél@rx n the
sequential process corresponds to "Process Step 2." |If the proper object
306 in the seqpuwessar among eserilpreadssars essociptedoridls system 1 00, aemacandantor
system 110 determ nes, at decision block 406, whether the one or nore steps
correspondi ng baseliRficRiRecss@iEdt fodd oNarEcidelEP of YEipass] ahlavropestelsei cut-
When the one or nore steps corresponding to the proper obj ect 306 have

been 10;3guccesgiid-biy SRMRVRISAr RUBERS SoffPRE N midRGAgEMENt system 110

visual |y

As illustrated in FIG. 3, memory 104 may comprise an operating system 106,
one or more applications 108, and process control management system 110. The
architecture, operation, and/or functionality of process control management system
110 will be described in detail below. Memory 104 may include any one or

20 combination of volatile memory elements (e.g., random access memory (RAM, such
as DRAM, SRAM, SDRAM, ezc.)) 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 may have a
distributed architecture, in which various components are situated remote from one

25 another, but can be accessed by processing device 102.

10



di stingui shes the correspondi ng object 306 to i ?zdicate that the step has
been successfully conpleted. One of ordinary skill in the art wll

appreci ate that process control managenent system 110 may be configured to
i ndi cate successful conpletion of a step by visually distinguishing the
correspondi ng obj e in.a variety of s. For, 15 exanpl e rocess contr.ol
managenment system 1%6@?“’%&3 Wé’lcﬂ\ag%i‘}é © etOHEOBB}rEg%fé— € PRogyams ach
changi ng the col or of the object 306, highlighting the object 306, etc.),

pl ace anot her ofjwheeh comprises exachablebipsteeatiose for(ippiemenimgdbgicalcineust dy ity
a check mark in a box, a checked-box object), etc. Referring again to bl ock
404, if the prepehpRfetG. B3Qhe bdtnhite i BRHRTY 104 ilRke $Focdss centidimbRbeatmd,
“process control managenent system 110 determ nes, at decision block 408,
“Whet her an obj eg r i : Vi , ;

been sel ect ed. %ﬁtmﬁgﬁg%}%&{?&%gﬁ]&e@ pS%eg‘i’“ng’egé&‘a lgdféglw Egﬁlﬁﬁnﬁa‘g’%’@g& IS
not selected, the process is repeated at decision bl ock 404. However, if an
obj ect correspBiRAIHGPTAINE HEWT} | FULRYCUEIRN BE sdcattiop 9f Sthes camPET PR BeBss
control managenent system 110 15 determ nes, at decision block 410,

whet her the pr euclpasdne waompt epgitasivepl 0&aslproesss fcohtryl mamgeericatisyata bh10,For
exanpl e, consider the sequential process described above conpri sing
‘Process Step lpnd P?d%ﬁ@és%éﬁeaﬁijﬁg,i ?ﬁt-éiﬁﬁﬂ%ﬁﬁol,sﬁ?@arﬁ da BN SRERSSeopp 4. "
Upon initiation of process control managenent system 110, the proper aobj
ect 306 in the _sequential process corresponds,to "Process Step |." All

ot her objects K1vicy ?IH%‘@C@MWH&%M ‘ioﬁngf}édrfeg%f‘g%?‘é’CF% t he sequenti al
process. After "Process Step 1" and "Process Step 2" have been conpl et ed,
the obj ect 306 cor F&egssnernitp! manageraens systsnd) Oanayhnad epusec PIPErgRgFSeutable
object 306 in the sequential process. As illustrated by decision 10 bl ock
404, at 1thi s porsdramrobjee: coda)) edriptodr anyaties entityl confyeisiriy a ssttof IMructions to be
corresponding to "Process Step 1" is selected again, process control

managemnent Sysﬁ;gf?oﬂrﬁéh %Eﬂi&?ﬁﬁgﬂieg%sta@bg%g?r mhm%ﬂﬁt?é?ﬁgra?ﬁheé’t@% g the

sequence. Accordingly, at decision block ocess contr managenent

system 110 woul d determ ne that "Process Step 1" i.s revi.ousl y conpl et ed
St ep. 15 Ref of PR AF EORE: SPGHORT-JRRITE60 i hh S HLORY s Fipy ot bE
conpleted step . is successfully conpl eted again, process control managenent
system 110 per ﬂlaﬁmﬁlsedaﬁwg@nﬂ@smemm%, PeASto gnerafe properlyde cARRStBD HEIL 412,
process control nmanagenent system 110 determ nes whet her any ot her

previ ously conpbettdg syséns 166.eFurdpermden) tpravess domtroharngegemend systemt HO may bent
previ ously conpl eted step. For any previously conpleted 20 steps that do

have a dgpendeRgitiendds (D] @Cbjét frieREDHRTarkAd @haﬁ’%@?@ﬁi&:’ﬁ'ﬁas SMsbROfHAfd and
vi sual Iy di stingui shes the correspondi ng obj ect 306. Process control

management sys %J&Eg%\{@zg é}&%&‘,&ﬁe&%ﬁ&hﬁffg 188 2E B HUAR b StirdsulbPortines,

variety of ways to |

and/or functions, for example but not limited to, C, C+ +, Pascal, Basic, Fortran,
Cobol, Perl, Java, and Ada.

Network interface device(s) 118 may be any device configured to facilitate

20 communication between system 107 and a communication network, such as a public

or private packet-switched or other data network including the Internet, a circuit
switched network, such as the public switched telephone network, a wireless netwark,
an optical network, or any other desired communications infrastructure.

Input/output devices 114 may comprise any device configured to communicate

23 with local interface 120. One of ordinary skill in the art will appreciate that,

11



that the correspondi ng steps needs to be conpl eted agai n because of the
dependency. I'n the' above exanple, "Process Step 2" and "Process Step 4" may
be dependent on Process Step 1." For instance, during conpletion of
"Process Step 1," certain information may be recei ved by process

control manage s 110, whi.ch [s used duri n "Pro
"Process Step epcnégéaqis e(?fmflﬁ‘i‘ré“%ﬁt, 3 vbﬁ%‘ﬁ U eh]fCSf‘ ﬁa(fﬁlﬁh H?C%uc{é
changed while "Process Step 1" is being conpleted again, it na

necessary to repeof thefolowens, Statherzdevines: @rkevmamd&moafeélsplay NIPQ,, sush@cess
control managenent system 110 rnay visually distinguish the obj ects 3 06

correspondi ng temphRsMcHARPE AdeAk] Fre RSpatAlel Bt CapEnter) sPedkef, aniidfophbRY erc.
shoul d be repeated. Furthernore, procéss control rranagenent system 110 may

be confi Igur ed such t r_gﬂa} luét}rﬁecfil pﬁ%dengeyps%n? 96'[7 @851 dg 9 'g&lsg} %ngnfé)ﬂlatngﬁ élewce

appropri ate order. as t epresen eC| sron
418, procgess control 10 management system.1 | det erm ne whet her the

previ ousPy conpleide diplaydsergdit- s%%‘iﬁc%?@@@@ QW1 BTOESSPBERY i n t he

proper sequence. Lf the previously conpleted and dependent steps are

successful | y comphgdreshtispstéthd 10 voqrks irsespperation witlog esephmahtseo interdaraddieat
system 110 nmay term nate at bl ock 420. Furthernore, as each previously

conpl eted and dependedbr SbRPudess m%%g&%‘%c%&?mr%@gs @&%Sﬁpﬁﬁn%k@al5

proper sequence, process contro nt system 1 may Vi sua

di stinguish the co es ondi n 06, descr i bed abhove cate
successf ul conBTIE‘P C\W?Sh 5 et%tedls?raims@%b%ergﬁ gthdcﬁfSC%ntrgi

of a representative graphl cal user interface, a particul ar enbodi nent of

process cont r omanageRYSHtemyld0ans displayidevicsd 1§ Bé Frsenmanipuianios deYisapl &,
process control nmanagenent system 110 nmay be 20 used to control a

sequent @l proTass onempbrdihag skileinfthe bnw'villagpﬁc'&pesthat' Eisplag davict @ p8 inay
"Process Step 2," "Process Step 3," and "Process Step 4." As illustrated in

FIG 5, pr .Ocejﬁorﬁ H%J W@Qﬁ%%%&%tﬁ%? ?ép@s %Heﬁéé&%oﬂﬁo&e@&@ﬁﬁﬁﬁéﬂ?;r ol

menu 302, in object are l'ayed, each cOBrresp

o ocoss. cont r oP RhIRALAFE S & APBRUer aah ol ad (rverel FppBHiLCD gt

proper object 306 ("Process Step 1") via cursor 308. 17 Pr ocess cont r ol
managenment sysbased Hiwplasagn BED-begerd ¢ , Bdoudhaegaitive scrgpis shely avthosthe
obj ects 306 when they are selected by a user, such as by changill Q the
col or of the obpplemeRf2d.in Asrtabhle usinpatirg dévicésl (6g.,@ peaddnat diigite] assistaas RN
step has been successfully conpleted, process control management system 110
may Vvisuslly disd af3gstheiedoRéh or future display device, regardless of the underlying display
technology. Furthermore, cursor manipulation device 116 may comprise any input
device configured to cooperate with an application 108, operating system 106, and/or
process control management system 110 and manipulate a cursor displayed on the
display device 118. For example, cursor manipulation device 116 may comprise a
20 mouse, a trackball, a set of navigation keys (e.g., arrow keys), and a joystick stick, to
name a few.
During operation of system 107, the processing device 102 1s 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 107 pursuant to the

o
i

software. Process control management system 110 and operating system 106, in

12



correspondi ng obj ect 306 to indicate that the step has been successfully
conpleted. In the enbodinent illustrated in FIG 6, process control

manaj enment system 110 visually distinguishes conpleted steps by displaying
a checked-box object next to the correspondi ng object 306. As stated above,

o e TSP gl L i g

306. In FIG 7, Ve succes’s ed and
process control managenent system 1l | Q has di SB| ayed a checked-box object
next to each ofPeE®s SBHErEt §viduw thePrPerResing U8 Vich APt 4ReyhePeEchEen

successfully conpleted. As di scussed above, process control nanagenent
system | | O enabl esnami®diméns wapeairogese vomrs nyanhseraentplystemd 1tieps by

sel ecting the corresponding obj ect 306. In the enbodinent illustrated in
FIG 8, a user, - ' QR FEQI 1, 620R8 bS] X arREORERS

1," which was pr \%ngﬁé%/ﬁ%gﬁn%%fgg!ﬁ&%@r " P?oc’z:gs Step 1"9?5 §uccesg%ﬁ[)y
conpl et ed. agai n,, .process cqontrol managenent. system 110 det er nun .
whet her gsny ot Hép B %%HVH@BPH}P@PB L% ‘glse(m?gﬁ%é’égus%ﬁéfporzlp.comﬁcﬁegggth
Step 3," and "Process 20 Step 4") are dependent on the changes made to the
current previ oksygonpHis taletdd system Or Preghnss dn thacgontexy of frip decjunendna eanputer-
managenent system 110 may visually distinguish the object 306 correspondi ng

to the previ oustadababdh@dnsy BPan Elettorde, ﬂﬂ?ﬂh@tj@ opeiRElN Beoty: pistaedevice or |
control managenent system 110 may visually distinguish these objects 306 in

a variety of ~= ndi t i - . L S
conpl et ed agai r%’?%eété}g%%ﬁ fC%?Laglgepérﬁ(ft}%E@&%{%wﬁe e@ggﬁﬁg?\ﬂtﬁﬁ%ﬁﬂé%o?gw&j
in FIG 9, 18 process control nmanagenent system 110 has determ ned t hat
"Process Step ACogmpterpeldtedsysiomy methad hragsss oniEy arrregenersysiepptkBagt ep
1," urhich may require themto be successfully conpleted agalll. The

di spl ay 1&f t he belgnemidsed3fGnyg oompsispnehidaly e moedin dorass bStoepn 28nreectiof Rrithcas s
Step 4" have been nodified by changing the color of 5 the border of the obj

ect 306. Any ofindrié¢fibh 8ketulbn SYdGh, AppLhaLS of@%i&?s@ﬂﬁsw&ﬂnpu%&t&{se@"sfﬁ@ﬁ§
control managenent system 110 determ nes the dependencies and visually

di sti ngui shes |..€ . 306 € [ t.
repeat od, pr oc Bl eoRrtpnRile sl R Mk i 4 280 e HACAREC £ B8
repeat the dependent. 5tep5 .11 the proper sequential order. For exanple, as
illustrated i nHFﬂt@‘m%,ex%nﬁ? SYSEIR, PPRTaFIS) O r??eg’ifgf@n?‘iwqﬁ’g‘g' enabl e
the user to reselect the object 306 corresponding to "Process Step 2." As
illustrated in FI G Inthe eointext of thindesnest, ¢p'cothpitisrseadebleghediim” campt ened
agai n, process control nanagenent: system 110 nmay di splay a checked- box

obj ect néxt tonidags Gt EasRoRILAEmakicer! pRPBatE IR GRS ZOME fed cramifog eSEHY or
system 110 may be inplenented in a variety of 15 other systems and/or a
variety of cONpuE&HncBREH WBIhORSubHoR exddutich @ste}nosgpaﬁlatag,r@r&eofceamsS_t em
1200 for inspecting manufacturing defects in prinfed circuit boards, in

whi ch

—

computer readable medium can be, for example but not limited to, an electronic,
magnetic, optical, electromagnetic, infrared, or semiconductor system, apparatus,
device, or propagation medium. More specific examples (a nonexhaustive list) of the
20 computer-readable medium would include the following: an electrical connection
(electronic) having one or more wires, a portable computer diskette (magnetic), a
random access memory (RAM) (electronic), a read-only memory (ROM) (electronic),
an erasable programmable read-only memory (EPROM, EEPROM, or Flash memory)

(electronic), an optical fiber (optical), and a portable compact disc read-only memory

19
w

(CDROM) (optical). Note that the computer-readable medium could even be paper or

13



process control nmanagenment system 110 nay be inplenented. System 1200
conprises a printed circuit board nodeling system 1202, an x-ray inspection
control system 1204, an x-ray imagi ng system 1206, and a printed circuit
board 1210. In 20 general, PCB nodeling system 1202 is a systemfor

generating a co ter del of a printed circuit board.. PCB nodelin stem
1202 may be an)‘?‘g&g%%ta %emﬁﬁw “d’é’%/é?%ﬁ%&’ecﬁfﬂ%rﬁfne]ﬁpﬁlﬂ%ddagg I%ﬂgr(a&%nst}é
system capabl e of nodeling any type of printed circuit board. FIGS. 13 and
14 illustrate €leogenisaliyt ¢aphyed.diiaferdnsande eptish] reagof thapapepeaptlie5 1?7 10
that may be nodel ed using PCB nodeling system 120? and i nspected using 19
system | 200. Asddidmsthémt&tpiled, Dhierpréidd opbiheivede pracestet] ibaatiable nikdneray
conprise a conponent 1300 having one or nore pins 1304. Conponent 1300 nmay

conpri se anb~ i.caly - ich it is desirable to
solder to a PCEX%E%agi’ragitldgﬁ%g%gﬁdﬁ%%@%%g%art%égﬁ%%2 i ncl udes an underlying
i ntegrat%d circuit (1C that 5 conprises a plurali t¥r ﬁf term nation ? nts
1306, whiPch may be sBPUERaEVe SnbEmMSNisVheTpRIasesS Gogte E‘aﬁﬁ%ﬁﬁ%{’éFW?fﬂg 15
process. As illustrated in FIG 14, during the manufacturing process,
conmponent 1300implenizated|ie hbrdweaat, proceses nemtt@ dndnagehent systetmbld may poi nt s 1306
on the PCB substrate 1302 via a soldering material 1400. FIG 14

illustrates prifpRehentddGritl alP HeckdliBaéil 6f the fENWHRSSOY StBES REhREIBERESa BY
way of exanple, during the nmanufacturing process a variety of defeCts may

result. For instance, in.Fl 4..the leff-npost pin_ 1304 may. hav

o der | ng.def e BECCTCIss TP B vinkiGis detss R iairsding B ohs Ran g
shill in the art will appreciate that any of the follow ng, or other,
defects may oc8&gPalguay anplicaitommegtisanteeraief praed>ICo paving SPEOPIREI nt s,
shorts, m ssing conponents, msaligned 15 conponents, insufficient solder
j oi nt's, 18xcesscembiirtiopilogis gates,\eeprdgrhnuagise ghterasray&) (BEA ) bafitld pregrimiarable
voids, etc. X-ray inmaging system 1206 conpri ses i magi ng hardware and/ or
software for C%HE%&%?QF@? -&;@y image of a manufactured printed circuit
board. One of ordinary skifl in the art will appreciate that system 200
may enpl oy any of a

rpety.of oth 0.types af. i magi t echni qu (e.g.)
optical, ultrasoni C,Iﬂ"\.f@h%}sr%ﬂo‘fv@e’%?ﬁ%s%rgﬁgB}g_arrgytqcﬂ.gg,e@ﬂft&pa ng'P@?’rsyst em
204 interfaces with PCB nodeling system 1202 and x-ray imgi ng system
1206. For i nst SR%ationof sy embediment rewpemv@y@msﬁmeuswig%e%%esa file
containing a conputer nodel of a particular printed circuit board from PCB
nodel i ng syst eporftR{) 2nanBgsmentaysteinel 10daginsat blookali0). Procegs corspd ohanagementt r ol
'?5 system 1204 may generate an inspection programto be inplenented by

X-ray imRgi ng tem 110 may be initiated by a user via an O device 114. In certain embodiments,

process control management system 110 may be implemented as a function that may
be called by operating system 106 and an application 108. In alternative
embodiments, the functionality of process control management system 110 may be
seamlessly implemented within an application 108.

20 Regardless of the manner in which it 1s initiated, at block 402, process control
management system 110 displays a plurality of objects 306, each of which
corresponds to one or more steps in a sequential process. As described above, process
control management system 110 may be configured to control any type of process. IAt
decision block 404, process control management system 110 determines whether the

25 proper object 306 in the sequential process has been selected. For example, referring
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system 1206. The inspection program may be used to i mage a manufact ured
printed circuit board, which is based on the conputer nodel Generated by
PCB nodel i ng system 1202. After generating inages of the nmanufactured
printed circuit board, the images may be conpared to the conputer nodel to
i nspect for a variegy of . 5 manuf acturing defects geﬁﬁ , o?en sQLgﬁragggnts,
shorts, missiri§ FdEnPoTRISIAST 2 SEAVENTYTEACED RTBPRHRS the IRUATMSIIens BIOCERSStep
joints, excess solder joints, reversed capacitors, solder balls, solder

voi ds, etc). As”iPracsssSteed,” ‘Préde@ Stkp,3, kanda{Procesp Stdpi oM dpmt inglatisyof em
1204 may i npl enment process control nmanagenment system 110 in order to

i nprove the ilzspagtbRfoiRhatRERed(3Reh AL kld $r8b& parenas Erpfhe%Ec_;Lﬁé%ﬁal

i nspection program provided to x-ray iInmaging system 1206. FIG 15 is a
screen shot 1500 of anot her di ne f, raphi cal cuser.interf

Il ot rat i ng pPOtES SORGTBRLY FhanatRyeP ot B PR B e BirErstas, oy
inspection control system 1204. In the enbodinent illustrated in FIG 15,
process Tont r clommpiadcie propsy sbiep J060nithe e PRI PEQFCBSCERTPINSIS 10 (Brosescess
of generating the 15 inspection programthat is provided to x-ray i naging

system 1206. F3iep eXaiftheprover bbjettBO6 ihthaisdquadted provessiSselétted procsss sontrol
control managenent system 110 may di spl ay objects 306 corresponding to

vari ous steps j ' 10 A - : 0] I 4( j SRt
panel  zat | on, PRSP RERE 2o ARk AheA RN block OENL T BERIBLEBE L

Sel ect Alignnent Points," "Select Surface Pojnts," "Bpard Leyel 20
ot onal P ocCRECOMSIIAIAE RIUEPTOBET PRSI BPELE b uecSS B TR i | e

Data," "Update Package Library," etc. It should be enphasized that the
above- descr i bé@henithedoneenirgonsfsiqps corssponding to thermopayebact 38§ baeenbeeno,
particularly, any "described" enbodi nents, are nerely possible exanpl es of

i npl energ at i onRiccdtBfidly)tofplett®prdeekOEorirot hRabgetde ki@ dil 0gisvhlly he
principles of the invention. Many variations and nodifications 21 may be

made to the ab - ' g_i'”ge ‘Sl ' [ '

departing subs‘?ggﬁ}%‘!}gﬁgéh&%%mn%?ﬁ% spir ?ctgggft%ﬁ&ﬁcg% p g{;&%?{}p‘#gg ilgg%/genti on.

Al'l such nodificatigns and_ variatiops are intended to.be included herein
within the scosaecqs*ﬁ&é comgiaiedonf o %ﬁ@&la@fe}?ﬁ& B HHEPRER RS R4 IO s
CLAI M5 Therefore, having thus described the invention, at least the
following i s cloatrrbuanagemenpsystarhdd0 froyy beennjurgd tr mdiste soetsshil completion
graphi cal user interface, the 2 nethod conprising the steps of 3 displaying

a plurality ofofebjt@chpvietalty ditaitishilg ©e ebrréslibbﬁﬂihﬁl%jeceﬁxchvﬁ{etjz bEwdynIFaect s
corresponding to one or nore steps in a sequential process; 5 1n response

R i AT Tt e e i T i
the object 306 (e.g., by changing the color of the object 306, highlighting the object 306,
etc.), place another object next to the object 306 (e.g., an object displaying a check
mark in a box, a checked-box object), etc.
Referring again to block 404, if the proper object 306 in the sequential process
20 is not selected, process control management system 110 determines, at decision block
408, whether an object 306 corresponding to a previously completed step has been
selected. If an object corresponding to a previously completed step is not selected, the

process 1s repeated at decision block 404. However, if an object corresponding to a

previously completed step is selected, process control management system 110

15



7 object to indicate that the correspondi ng step has been successfully
conpleted; and 8 in response to one of the objects corresponding to a

previ ously conpleted step 9 being sel ected and successfully conpl et ed,
performng the follow ng steps: 10 determ ning whet her any ot her previously
conpl eted steps are 11 dependent on the_ changes nmade in the previously
conpl et ed st epdegABneS ay degisipn Plagk Al OnyhethRy '%5 PIREOGHY £emBleisst 8 ondi ng to
the other 13 previously conpleted steps to indicate that they are to be
conpl et ed agai BucckssZullyltwenpieteiadainaf cl ai m 1, wherein the other previously
conpl eted steps are 2 conpleted again in a predefined order. 23 1 3. The
met hod of claim2, fyf Eih?ﬁp]@,%{gééfdg% @grsuggena F}E}oleéss‘@e§éhl"6édyab€b§ bompHbibi ng 2

t he objects corresponding to eviously conpleted steps' to

i ndicate that they 3 have,bheen coppleted. 1 4. The,ne d of ¢lai,m

wherein the st eEEO%S?S g2]“’1?/ Gugf‘?cfsﬁjg% ?nggfrgmsa&tetpnb BBﬁa 2? 1qCESS %8? éat bpf’ﬂat
the corresponding step has 3 been successfully conpleted; and 4 visually

di st i nguidshi ng inihatiashyiqrossse oonterd prandigementaystam bt dre propen aiedty30§ in the

conpl eted steps to indicate that they are to be conpleted again; 6 conprise
di spl ayi ng anokbfien@slipsdesfehrica8bhdsi10 “PhetesdERetl.” WibothEhebjeEls 306 vfuldbai m
1, wherein the steps of: 2 visually distinguishing the object to indicate
that the con e i ng. D Le ' 4

visual l'y disti Egﬁ%‘%ﬁﬁrﬁ@% ee‘% @e‘gbﬁ r‘gfsé%@%ﬁr ﬁ%és%/'of iR g{oﬁg?s %r igkiy s
conpleted steps_to indicate that they are to he conpleted again;, 6 conprise
modi fyi ng the dPESPSHySIeR 2t hevediser cpmbletesd, theehs R B FOIeSRAnding 0 “PrpReSE PIEP
the steps in the sequentia,~ process are related 2 to controlling an

aut omat i ¢ x-r ay” wosjxbbd the prapes bbject30d inghe sehjuentialgirectss 3 Asaliusteated by derision
defects in printed circuit boards. 24 1 7. The nethod of claim1) further
conpri sijpg thepiiceRoaf at%%igggﬁﬁw{ﬂeke "aPﬁz‘o:agss?iﬁd%@ij@Etr Wsﬁ&]cﬁﬁ§¥bs In

t he sequential process. The nethod of " claim 7, wherein the step ©

successfully cagpl eti he 2. correspondi ng st in the seqguenti.al process
Socurs via & sepleSecly habselse R Eaa Bos 2aRB maPegoitel FRiET 1185l
conput er program enbodied in a conputer-readabl e nmedi um for_managi ng 2
process cont r ofFSPgNZe thisphIEEPraRE oL ot 8P¢ e the sparereanmprreardinglpgt dgision
conprising logic 3 configured to: 4 display a plurality of objects on a

gr aphi cal user biagtkd0R mrecess actiralfmirtagembpterystentl Hbwoekipdetelimye that GProcess
nore steps in a sequential process; 6 in response to the proper object in
the sequenti al sppacEss pheiididlsedmsierd sépd 7 the corresponding step being
successfully conpl eted, visually distinguish the object to 8 indicate that
t he corpesponding s 0 I - I e
to one é? t he objec?%ﬁggggg%%%ﬁﬁ@%%ﬁﬁgﬁgH%#gefgﬂg*géggﬁgﬁggggog@g%gﬁ%&gging
sel ected and succes fPII ongleted, erformthe follomjn%:sé @s: 11

det er mi ne. whet FRACRY DTSR SeriBsPy-ss GRPF e B AsPmse! PR FRHENIS® on

t he changes made_in the previously conpleted step; and i 13 visually

di stingui sh t héerissjoé funstiens. r Bisp.or diepigiondledkes bt REgcepy eaniten) nanagemens systemed
steps to indicate that they are to be conpleted again. 25 1 10. The
conput er progr and déteghinewietheh@rysithertprevibogy compldted stbpy are depergisnech the 2
enable a user to conplete the other previously conpleted steps again in a

predefi ned changes made to the current previously completed step. For any previously completed
20 steps that do have a dependency, at block 414, process control management system
110 visually distinguishes the corresponding object 306. Process control management
system 110 may visually distinguish these objects 306 in a variety of ways to indicate

that the corresponding steps needs to be completed again because of the dependency.

In the above example, “Process Step 2" and “Process Step 4 may be

o
W

dependent on “Process Step 1.” For instance, during completion of “Process Step 1,”

16



3 order. 1 11. The conputer programof claim9, wherein the logic is
further configured to 2 visually distinguish the objects corresponding to
the other previously conpleted steps, 3 after they have been successfully
conpl eted again, to indicate that they have been 4 conpleted again. 1 12.
The conputer programof claim9, wherein the logic is further configured
to: 2 visuall ycgag prrfgm%twmﬁéybﬁf%c@tveﬁ@yipﬁ@n%ﬁ@t{%ataraa&%n%rswﬁgrﬁdgﬁi ng
step has been 3 successfully conpleted and visually distinguish the objects
cor respondi ng tvhidhhie ueécheurink {Hrovese $sdpy2 tamipiFebexds Stepps™ Recausdioddiie t hat
they are to be conpleted again by 5 displaying another object adjacent to
the corres pOnda&gsnaéﬂm%gwthgﬁﬂﬁég@gﬁatg&ﬂg%&rgeemrea%@ées%@ s paker ei n

~the logic is further c¢onfigure : vi sually distinguish the object to
~indi cate that the rr espondi ng. st ep has_been 3.successf yl.l ompl et ed.. and
Vi'sually i ot i HGTPET Ra0 R BT bF PERUER PR PIER Bt e M h BoFtE o1
conpl eted steps to indicate that they are to be conpleted again bg 5
nodi fyi n§ the @i’sphasy podcesheoriig! maspgerasi §ysendd 0 mapvisuaily|dastingish demput er
program of claim9, wherein the steps in the sequential process 2 are

rel ated to conbkjebtsidng cafresydndifittb@hese deyerideareessi toindiyat e et fhagtiiegd to
detect 3 manufacturing defects in printed circuit boards. 1 15. A system

for managi ng PrOGEsE. (Akkt! Fifngrf8Rboal AR LSELERSsERO B AkPbeM

conprising: 3 Togic configure y a plura on a

graphi cal user interface, eac f the 5 objects correspanding to one ar
more steps in amgl&la@ﬁwchﬂhi}rtge gggepgsmi SFFPFQ%‘EBﬁE @orpslefq#éng\wo ORSH'etder-n
t he sequential process being selected 7 and the correspondi ng step being
successful |y conpl eFedyxampesds rgprtsertteyidedisisn blogkoh] eand 418, pratessatontrohat
t he correspondi ng step has been successfully 9 conpleted; and 10 in

responsggt o onmafhgdniéht BIEA S 06T @fReA Wlecther e RFeNbRIpEompibied B! et ed
step being sel ected and successfully conpleted) performthe 12 foll ow ng

steps: 13 detegmin [ Q r.previot I t .
dependent 14 oR ARG Bte AR orB et HE kO vl Bl B Ao ficuivs
visual Iy distinguish the objects corresponding to the other previously 16
conpl et ed st epSompletsdandiependeat stepedre ahecesuy crpplsicstia AheRJQPF: seqyenge,
processi ng device configured to inplenment the logic; and 18 a displ ay
devi ce confi gupmdesscogtiphoanagemeent systim d 40 mayderniinate af bioek 427. Further@oreThae
systemof claiml S wherein the logic is further configured to enable a 2
user to conpl e¢fhtgreviotdg tombRiedi depedant sep ik Siceasfdlgaiompldiedagiietethened
order. | | 7. The system of claim 15, wherein the logic is further
configufsd to y dj, Skl I i i : er
£ ”%liogulaééq}im?ce, bﬁg%ﬁ%hﬁ-gl Qﬂao%ﬁieﬁ?%éée%?ga %@ggg%lﬁgg;ti%g%%ﬁs}f’

previously co t ed ‘st eps, ter 3 they have ete

again, to indicate that the e heen. 4. conpl et.ed. agai n. 8. The system
of "cl'ai m 15, WHEFEP IR SPEH 105 & PEvRhg: SRRy BioRE MuGsesfiy] Gomgelios

di stinguish the object to indicate that the corresponding step has been 3
successful |y conpl etth meierensssigahe serapnsshoiRfiHRFS: e 1difacerreswitative orrdicny
to the other 4 previously conpleted steps to indicate that they are to be
conpl et ed agai msebynterfaties ppanticatar ambbbisnend bf pricessdjoatrehtnatagehtrat system 110
correspondi ng object. 1 19. The systemof claim1 S wherein the logic is

further confi guiiPee HescriBed | GRS Skatiph, pREHEESELide nRRh &bherk @yété}ﬁi]@@?af‘afﬂ@at

the corresponding step has been 3 succéssful [y conpleted and visua

di stingy sh t jects ,corresponding to the.other revioushy co et.ed
Steps 2 §ndi el AR REFREF R e O S Lo RBE B B SRR e e
di splay of the corresponding obj ect. 28 . .

“Process Step 2,” “Process Step 3,” and “Process Step 4. As illustrated in FIG. 5,

-

process control management system 110 may provide a process control menu 302, in
which four objects 306 are displayed, each corresponding to one of the steps in the
process. As illustrated in FIG. 3, when initiated, process control management system

25 110 enables a user to select the proper object 306 (“Process Step 1) via cursor 308.
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Z0. The conputer program of claim 15, wherein the steps in the sequenti al
process w 2 are rélated to controlling an automatic x-ray inspection
system configured to detect manufacturing defects in printed circuit

boards. 29 .A@.A5. A A AA A A A . A A A5 Aly% A5. A A A5 A A5 A A LA&. A
& AlLa. AsN% A’ u OLR

zupkf [ V] ca] caﬁé&%ﬁs%&?%ﬂ% ég’%??% &4 E‘ﬁ\}]q%ﬁl%}a‘]ﬁ R R Ry t(?zgi]dtlﬁszﬂl%‘:va]’fca]
ca] ca] ca] ca] ca] ca] caj caL%ca] cajcalc aI

vi hAY+s| wr mhen Yhedlyagte 3P a]hca]tl@ﬁ]aéaw@qtcéatpm]l@ea] sughes by spesgiag thagale) efdhea]
cal] ca] ca] caV]ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!:>>7xdi ZR'uul }xsnid_Z]c]]ca]ca]c
a)J ca] ca] ca] ca] Q@]g‘ea];@fa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
aJcalca]ca]calcall gB

ﬂ:;]l cg] ca]#gﬁ]&ﬁ?] g§]$§ %@%@%ﬁ@ca ca]tg%%@g% @a%caf%g%ﬁ%}s % g’] E%l&a] o

S* *** +WH++ / d Z
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a] ca] cal! 8%©{9999S: :
} A<<<(=v==>0>Zp, aﬁs&aa%ﬁf’m%a&h@&’@d@tso fheddd| contre Pina Al Smént 8Ytav]1a8] ca] cal

ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca cal ca] ca] ca] ca] ca] caV] ca] ca] ca] caI

@AAf AABVBBBF E 7FFF
ca] ca] ca] ca] ca] %@Dﬁ %‘ﬁf*&eé] éﬁ%ﬁ( %)l %%@g{f%‘g]‘aé]‘@%@ C&}ﬁ&] } at}.‘
cajJcallll111.JJJKK] KKXLLI\/PM\/NBNNN&O/OO PuPPP- QQORf R{ vqgl gb].X] c] ca] ca] cal ca] c
a] ca] ca] ca] ca] CareEPaameRbit 889 -c AP s@jcdaAbexs éawaqtéa]@ 1083 Bl Of e ered f0n]
ca] caV] ca] ca! f RRRSj SSSTATTTNUUUI VWWDWNNEXXXOYEYYY3ZZZZ% d[ [ | wr mhc”Y] ¢] ] ca] ¢
a] ca] caldn] ca] ozas]uaﬂ]rda]mgl]isla]nga]:paﬂsd@]sca] ca] ca] ca] ca] calca] ca] ca]ca]ca]ca]c
aV]ca]lca]calcalcalcal [\ \\]X] ] X ""] =" " " b5aaa' b{bbb#cuccc: dddleee} xsnid_Z
| c1]] cal ca] ca] ca] calisaGad,cal ahe absPlAakea) GEksaran Cahomlaakedtoakea ca] ¢
I

a] ca] ca] ca] ca] ca] ca] ca] cal’cal eee7fft-gvgggKhhh=i111q]] 3 I I mhnmmi nnoo| w

rmhc”X] cV] cal c calca E]j‘f%%]g%apkca];ca ca]g%]e a]lca] ca
%53193331\0/%]/\0/3} 05}3 %) gf?%c] ‘}‘Ca]é%f]:] cal ca] ca] ca] ca]%z?éfég%ﬁg]r ca] cal ca] ca] ca] ca]
ca] ca] ca] ca] ca]ﬂé"a‘]“?dﬁﬂ £ 4P b lmdicats| thapeahavsbeans lﬁmﬂBgﬁﬁdyy‘\Sz discussed | v

| | | N}}}J~~~==7?E}xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cajabeys; pfeajscantal tahagzxheal saiera ] t@ o] SOHRMBr t@rapEitgeaviduilyc] | ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]c

a] ca] ca]isa] ca] eampak&Pdépatyizeefniitelcomlegitinthi st abeals alcalwatisahcal cal ¢

a) ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal] ca! (X

;} Li]\g Z?é(;]v(';zvj?hgs]u% 18%}@; 2 S%la%x as]e,fe e]i@iﬁ ]acalcgiclﬁ%%lsﬁ&ld‘iﬁé folsialgqakeg) ©
JvsCual o011 ol sl cel ol sl ool eal o Gl e cal sl g oo oo

&RgBHCD} xsmhb\ V] U] caLicaU] ca] cal] ca] ca] ca] ca] ca] ca] ca])ca] ca] cal ca] ca] ca] ca]
ca] ca] ca] ca] caeapiagdadetn peeseesianipt alapegesenb@atan 110 may détermine Whether any
&RgBHCD} xsmhb\ V] U] caU] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cajpjieapes]arlycohgstied sidhe 6 Urostt] S Febt&k3us) )’ aﬁéw‘%ocess

U& ()-&10% U& ()-!0$10%i =i & ()-! $10%#& () - @0% U&' () - wgndE#10% U&

o ottt R A

(*Process Step 17). Process control management system 110 may visually distinguish

CH

the object 306 corresponding to the previously completed steps that do have a
dependency. Process control management system 110 may visually distinguish these
objects 306 in a variety of ways to indicate that the corresponding step needs to be

25 completed again because of the dependency. In the embodiment illustrated in FIG. 9,
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10 Uf; 10% U& ()-99'1'10% U& ()-7"10% U& ()-4m0% U& ()-2Y10% U& ()- w
t dEYNC S 10% h& ()- $10% h& ()- 10% h& ()- F 10% h& ()- 10% h& ()- 10%
h& ()- j U dEYNC 10% h& ()-F10% h& ()-,!10% h& ()-10% h& ()- 10% h& ()-Yg
10% h& ()- VvidEYNC +10% h&' ()-y):!110% h& ()-9'- 10% h& ()-% %40%
h& ()-"10% h& ()- 10% h& ()- i h"dEYNC 9z10% h&' ()-6 10% h& ()-4 10%
h& ()-S2" ! 10%Mecgsy corgalonanegerent systenyd Hhys) deserpaned e (Rpoedss Stapd 3gd( ) -
10% U& ()- 10 h 10 h 10 hFS>s10% h& ()-,; #10% h& () - +sdEbC, , #10% U&' () -
“Process Step 4” do have a dependency on “Process Step 1,” which may require them
to be successfully completed again. The display of the objects 306 corresponding to
“Process Step 2” and “Process Step 4™ have been modified by changing the color of
5 the border of the object 306. Any of a variety of other methods may be employed.
After process control management system 110 c.letermines the dependencies
and visually distinguishes the objects 306 corresponding to the steps that need to be
repeated, process control management system 110 may enable the user to repeat the
dependent steps in the proper sequential order. For example, as illustrated in FIG. 10,
10 process control management system 110 may enable the user to reselect the object 306
corresponding to “Process Step 2. As illustrated in FIG. 11, after “Process Step 2” is
successfully completed again, process control management system 110 may display a
checked-box object next to the corresponding object 306.
Process control management system 110 may be implemented in a variety of
15 other systems and/or a variety of computer applications. FIG. 12 is a block diagram of
a system 1200 for inspecting manufacturing defects in printed circuit boards, in which
process control management system 110 may be implemented. System 1200
comprises a printed circuit board modeling system 1202, an x-ray inspection control
system 1204, an x-ray imaging system 1206, and a printed circuit board 1210. In
20 general, PCB modeling system 1202 is a system for generating a computer model of a
printed circuit board. PCB modeling system 1202 may be any known or later
developed computer-aided design (CAD) system capable of modeling any type of
printed circuit board.

FIGS. 13 and 14 illustrate cross-sectional diagrams of a printed circuit board

25 1210 that may be modeled using PCB modeling system 1202 and inspected using
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10% U& () - 10% U& () -9l 10% U& () - 10% U& ()-10% U& ()-: >dEbC ' 10%

U& () - 39%#10% U& ()-#10% U& ()- 10% U& ()- 10% U8 ()-Y 10% U& () -
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. 10FZ10% u& () - t}:fp]eoc?’f"elﬂé%héc)al &&%%&i?éné Yor'wilich it is desirable to solder to a PCB substrate
1302. PCB substrate 1302 includes an underlying integrated circuit (IC) that
5 comprises a plurality of termination points 1306, which may be soldered to the pins
1304 during the manufacturing process.

As illustrated in FIG. 14, during the manufacturing process, component 1300
may be electrically connected to the termination points 1306 on the PCB substrate
1302 via a soldering material 1400. FIG. 14 illustrates printed circuit board 1210 after

10 the soldering process. By way of example, during the manufacturing process a variety
of defects may result. For instance, in FIG. 14, the left-most pin 1304 may have a
soldering defect (represented by reference numeral 1402). 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 components, insufficient solder joints, excess solder joints, reversed capacitors, solder
balls, solder voids, ezc.

X-ray imaging system 1206 comprises imaging hardware and/or software for
capturing an x-ray image of a manufactured printed circuit board. One of ordinary
skill in the art will appreciate that system 1200 may employ any of a variety of other

20 types of imaging techniques (e.g., optical, ultrasonic, thermal image, etc.). X-ray
inspection control system 1204 interfaces with PCB modeling system 1202 and x-ray
imaging system 1206. For instance, x-ray inspection control system 1204 may receive
a file containing a computer model of a particular printed circuit board from PCB
modeling system 1202. Based on the computer model, x-ray inspection control

25 system 1204 may generate an inspection program to be implemented by x-ray imaging
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e
h& () - 410% hé& ()-f210% h&' () -; A<<<(=v==dEYNC 10F 10%| & 0%1 & (
LY10%4| & ()-  process control management system 110 in order to improve e mspect:on process
10 and facilitate generation of the inspection program provided to x-ray imaging system
1206. FIG. 15 is a screen shot 1500 of another embodiment of a graphical user
interface illustrating process control management system 110 implemented in x-ray
inspection control system 1204. In the embodiment illustrated in FIG. 15, process
control management system 110 is configured to control the process of generating the
15 inspection program that is provided to x-ray imaging system 1206. For example, as
further illustrated in FIG. 15, process control management system 110 may display
objects 306 corresponding to various steps in this process: “Start New Project,” “Set
Project Options,” ‘“Panelization,” “Board Processes,” “Assign Packages,” “Subtype
Components,” Select Alignment Points,” “Select Surface Map Points,” “Board Level
20 Optional Processes,” “Panel Level Optional Processes,” “Export & Compile Data,”
“Update Package Library,” etc.
It should be emphasized that the above-described embodiments of process
control management system 110, particularly, any “described” embodiments, are
merely possible examples of implementations, merely set forth for a clear

understanding of the principles of the invention. Many variations and modifications
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this disclosure and protected by the following claims.
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dEnbC 3 displaying a plurality of objects on a graphical user intcrface, each of the

4  objects corresponding to one or more steps in a sequential process;

5 in Tesponse to the proper object in the sequential process being selected and

6  the comresponding step being successfully completed, visually distinguishing the

7  object to indicate that the corresponding step has been successfully completed; and

8 in response to one of the objects corresponding to 2 previously completed step

9  being selected and successfully completed, performing the following steps:

10 determining whether any other previously completed steps are

11 dependent on the changes made in the previously completed step; and

12 visually distinguishing the objects corresponding to the other

13 previously completed steps to indicate that they are to be completed again.
T2 The method of claim 1, wherein the other previously completed steps are

2 completed again in a predefined order,
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3 been successfully completed; and
4 visually distinguishing the objects corresponding to the other previously

5 completed steps to indicate that they are to be completed again;

6 comprise displaying another object adjacent to the object.
1 5 The method of claim 1, wherein the steps of:
2 visually distinguishing the object to indicate that the corresponding step has

3 been successfully completed; and
4 visually distinguishing the objects corresponding to the other previously
5 completed steps to indicate that they are to be completed again;

6 comprise modifying the display of the object.

1 6. The method of claim 1, wherein the steps in the scqueritial_ process are related
2  to controlling an automatic x-ray inspection system configured to detect

3 manufacturing defects in printed circuit boards.
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2 comesponding steps in the sequential process occurs via a separate window of the

3 graphical user interface.

1 9 A computer program embodied in a computer-readable medium for managing
2 process control in a graphical user interface, the computer program comprising logic

3 configured to:

4 display a plurality of objects on a graphical user interface, each of the objects
5  corresponding to one or more steps in a sequential process;

6 in response to the proper object in the sequential process being selected and

7  the corresponding step being successfully completed, visually distinguish the object to
8 indicate that the corresponding step has been successfully completed; and

9 in response to one of the objects corresponding to a previously completed step

10  being selected and successfully completed, perform the following steps:

11 determine whether any other previously completed steps are dependent
12 on the changes made in the previously completed step; and

13 visually distinguish the objects corresponding to the other previously
14 completed steps to indicate that they are to be completed again.
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1 10.  The computer program of claim 9, wherein the logic is further configured to

2 enable a user to complete the other previously completed steps again in a predefined

3  order.

1 11.  The computer program of claim 9, wherein the logic is further configured to
2 visually distinguish the objects corresponding to the other previously completed steps,
3 after they have been successfully completed again, to indicate that they have been

4  completed again.

1 12.  The computer program of claim 9, wherein the logic is further configured to:
2 visually distinguish the object to indjcate that the corresponding step has been
3 successfully completed and visually distinguish the objects corresponding to the other
4  previously completed steps to indicate that they are to be completed again by

5 displaying another object adjacent to the corresponding object.

1 13.  The computer program of claim 9, wherein the logic is further configured to:
2 visually distinguish the object to indicate that the corresponding step has been

3 successfully completed and visually distinguish the objects cotresponding to the other
4  previously completed steps to indicate that they are to be completed again by

5 modifying the display of the corresponding object.
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1 14. The computer program of claim 9, wherein the steps in the sequential process
2 are related to controlling an automatic x-ray inspection system configured to detect

3 manufacturing defects in printed circuit boards.

1 15. A system for managing process control in a graphical user interface, the

2  system comprising:

3 logic configured to:
4 display a plurality of objects on a graphical user interface, each of the
5 objects corresponding to one or more steps in a sequential process,
6 in response to the proper object in the sequential process being selected
7 and the corresponding step being successfully completed, visually distinguish
8 the object to indicate that the corresponding step has been successfully
9 completed; and
10 in response to one of the objects corresponding to a previously
11 completed step being selected and successfully completed, perform the
12 following steps:
13 determine whether any other previously completed steps are dependent
14 on the changes made in the previously completed step; and
15 visually distinguish the objects corresponding to the other previously
16 completed steps to indicate that they are to be completed again;
17 a processing device configured to implement the logic; and
18 a display device configured to support the graphical user interface.
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I 17.  The system of claim 15, wherein the logic is further configured to visually
2  distinguish the objects corresponding to the other previously completed steps, after
3 they have been successfully completed again, to indicate that they have been

4  completed again.

1 18.  The system of claim 15, wherein the logic is further configured to:

2 visually distinguish the object to indicate that the corresponding step has been
3 successfully completed and visually distinguish the objects corresponding to the other
4  previously completed steps to indicate that they are to be.completed again by

5  displaying another object adjacent to the corresponding object.

1 19.  The system of claim 15, wherein the logic is further configured to:

2 visually distinguish the object to indicate that the corresponding step has been

3 successfully completed and visually distinguish the objects corresponding to the other
4  previously completed steps to indicate that they are to be completed again by

5 modifying the display of the corresponding object.
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