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COVPONENT PLACEMENT Background The invention relates to conponent

pl acenent. In general, one goal of electronic equi pnent manufacturers is to
run production lines as quickly and efficiently as possible. To this end,
manuf acturers extensively use electronic automation to desi ge@nd produce
el ectroni c assenblies. For exanple printled circuit boards typically are

assenbl ed by "pi cm W machi nes that automaticall mﬁm
el ectroni c conpon Mﬂ” mm“mﬁ errent on a board, pr Operly m\mm‘mm nponent
and the board, and pl.gge,.the conponent on the board. These machi nes

manuf acture printed ci rcwt boards nuch faster than human workers can.
Referring to Figure 1A, one typoMHONENK-RIRKEINECE System often used in
industry is a rotating turret-styl e§s§ﬁtem 2&, such as the CP-series

machi nes produced and sold by Fuji i ng Conpany. In the
turret-style syst&ime20 nventotct iTelatas dto Zonmeestugylaremems. 24 to pick

conponents 26 fromya eRonent;fa 0%12%@@14&1%%@ Ro@ circuit
board 30 nounted onto an X, _t abl te?}32 The turret 6%1asﬂg)several arnms 24 so

that it mBATHHACHHSESmHBNEAL rFPoﬁFPﬁBCEéﬁBoﬁéﬁ?St éEI guigkdpi P& t pl aces
anot hep canponeidnoONy oathpogkiblet boar dn3se. eRaf eméhngaaits@ehr@ Fi gure 1B,

t he conponeq;t tabl e 28 hoI dz Cgel s.34 o% ta ont.o whi ch (ﬁ)inponents
26 are nouitted S Wieh? 't Gr FeEChF AT Y nga 188n§8ngﬁrc‘lgph3ngo%8 &Nt t able
28 rot at exltderrewic 3dssenkkpese t Hernexampdrpopeintedheicompondoarvsbl e 28
e o e 1201 40M 80c4haLaaby eripl e SYSLETLER. RS RIAGET AL Of  Lhe
conponent s “on one nove t he next Feel i nto posi ti on.

2 The x, y-atté}ﬂlﬁa%ﬂblpew%/e‘ﬁbs@m%h@c*@ﬁ@nb?l AprgopeptuifProdrgementecei ve

conpongnt ibya YA RY, theopeal d am@ﬂetpse, c¥mpoRBHtZadhr eabl 8BS rdl, N appst
S|tuat|ons a Co Iex optim zation algorithmis used to atterrpt tO mnimze

the 5 x-, RAACHAHS RPRLPFRH ABVERBNPORFIt heTReFSt BAFB18SSand t he

x-di rect i ommoismEnte obr i heeé ooppoent bablkés2Buwvhi Fastaxi khanngumhe
rotational,sheed of the turret 22. Conventional optim zation-algorithms
treat each conponent type as an individual entity, al t hough nost
turret-style ' 10RmAENFAEY &an FPiotk ecdiporrnet Symeom fami drensi-nhree

adj aceat commoneriael sS4 Wt howtse %ggl £b€§e& egHEEbQD L91Bl acenent
speed. The turret 22, coS onent tab?ep% ng arg gontrolled

by one or S¥SET G r GHEEH sa9\’%3t}&1‘i’1d(ﬂe¥rJ ?%l%l?r%%?Pbﬁeﬁf P’éoﬁ}lﬁ%@néﬁfi §P&Gr am
geﬂer at ed gyy )_:%iya mmpﬁamlzmzn@nc@h;gaﬁmyt hnn Reher thngetosEiygur ey2ten
"shortest .path q zatlon t mis S or _copponent -

pl acenent .Z%The trSFSCia(r:EaJT hot ra‘fg?%t ?g%"r”i: h?r?d%%&?n?% I% ?6Fggach type of
conponent cRmp@ramts e nfreh cd r@@mmortwat dt21618828thedotdeplaqewhhem the
compogient 5 shathd dhALAFSR Lo WAl &eed Nen | £aLRaplot e plagemenk path

The al gorithmgenerally begins with t onent at occurs
rmst freqdentidf GeMHE bAHTFE 38 %q’le*hhﬁ"o%’ée‘ﬂ%Ytﬁl?heOﬁ%xFoﬁﬁéﬂeé‘émn

conmponent e tRe Hwn;s&mﬁteﬁﬁakppefjms:abwyiﬁt i@[‘pi@éeg5ah8§tﬁéﬁssf conmﬁn
conponent t e t. the end. 4 pl acenent path 40 for the nore
common type€ rgﬁ‘%‘r%rr{/l'q ?lt Cla?ﬂscplélcﬁzb ﬁQ/Entl on features automatically
control ling the pkafenemhgoﬁlsorrponwgaren 18, cithelidoripoaretht 3G LA egradup

cont aj il NG Ha Qlo T & L Y %nwt \A)}“Cb@ne?' é‘nE 2&' gl t

board 1s create and a place h—any ¢ onen I'n the
gr oup naympgnﬁpgoedwheqfﬁgturret arm 24 picks a component, the

component table 28 rotates the reel 34 to expose the next

component. The component table 28 moves in the x-direction
so that after the system 20 has placed all of the components
30 on one reel, the table 28 may move the next reel into

position.



a.y) ~i I; ,r.,;'",. ~y 3 circuit board at any point along the pl acenment
path is devel oped. Enbodi nents of the invention may include one or.: hore!aof )}
the follow ng features. The group of conponents may be 5 created by
identifying two types of conponents that are to be closely situated at nany
| ocations on the circuit board and defining the group to contain conponents
of the two types. The group also may be defined to include a third type of
conponents that is to be closely situated to at 10 | east one of the other
two types of conponents at several l|ocations on the circuit board. Several
areas may be defined on the circuit board, and the group may be defined to

i ncl ude types of EBRPENENEEPLRaL 2apFeRETAYPOstians the g HitAser of

areas. The gl r%’aﬂdlc’icbldz_ﬁ‘ecﬁ&\.@vé YP&Ep Shedbs COPPRABENHE thet bappeann
together in more of the C?rea n, an¥ other two t onent

a5y Bl ap JeacH e L B of LE HBOST o&L A5 0B5a B BEREQEKI ned
by a gri dop‘lt':hmmlaetmejmr‘etlqmrtithmylsbammi/ett@p@dtdazyptatouinahn.mgzEOthe
substaptiaglly _he o_pl I nept e
group %n the diredi boar%régggééi é#é ?guéﬁg £ %egggggtgg ?89 gbgry

t hree typeisddfreﬁﬁﬂmhem‘eeM@tble;)lfétéed:memntltebile pBavldiland a

pl acement patih imBh pearfteviel opeth {or facdy of ¢ thge adg@i-fbenab groups. The
pl acenent 25 vpath for_ each, addi tj onal. group may begi n where the pl acenent

path for R iR £ e S FﬁeéﬁcﬁaﬁPoﬁﬁmﬂﬁQeBE pl aced
on the ci rtq;tpet almoaarrd J&G:DDJIﬂlnigl tenttite, CCHIB&}SWdIﬂ@sﬁl agepedtspatb. In .
anot s CHARHindn e L 0vankl onfepldes A dptied 30 of copliabng g, seqyence
for aci ng corrponenatspo T 1 Cf ypes 1'h pr deft néd rocati ondon a
circuit beamngonemd gwmriehent 9’@?@@9@1}{ zegn b begnbupsdeathosoanai ni ng at
IeasF tWO qfacte%ntt)’%%%é%f. CORON&HSt GNP q&%&%} Sn@htacQhYEN2g ~&na~y . I:

; 4 one of the groups are placed on the circuit board, and
thereafteP‘ YOoFEIEN3S GI CartiHeo iRl d1Y 19 PO URRT ar eOPERRLHCHR 8 Re
circuit boaudr E’Iﬁ@@ﬁﬁéﬁfﬁcﬁf dﬂwa ITIRIEN Nt Yo Fieh UJ8nOPRL 88 BPT €nd Of
the foll ow ng features. the conponents of one group nmay be pl aced
bef or” any Pég &ﬁ%ﬁ%?(ﬁl%ﬂﬁﬁ group. The conponents of one group nmay be
pl aced in an ordeReﬁenhlngatoaﬁygpneiﬁioa tehblr¢estdeatimy be occupi ed by a

component ok 8% e L8 GANLY Dot dh 1% HL8 WPor TEmpondfle O der in

whi ch the onents of a group are ermn t he

short est ﬁéﬁﬁeﬂéﬁﬁlre@ﬂﬁ)ﬁﬂQﬂﬁ?%iﬁ?Qﬁﬁﬂﬁﬁuﬂﬁﬁh|¢#Q¢%ﬁéﬁmnﬁﬁtQﬁ@l@9§es of
conponent %oeoataehnee}péﬁ oeﬁtaam@a‘oﬁém g Olepsox{ma/ ﬁemi@é@rmf@sll@ybwed
frequency wi th wh lgl‘?conrpongn di fferent pes aﬁgear Q se 15
proxifi ty3to &5€—h° er Mo ‘ﬁ?b&ﬁ’enﬁ?’“@ﬂﬂ%ﬂ 1P §pRs2 ot c%‘ﬁponents
t hat nost mindgquert ltyleapme@tm o C lthee plrameandrtty gacieacd. ot hies . aﬂ'le@rgtmmp

al so may i (g 0 onpeonhent C ent ouped
based upoﬁgﬁ%\%{a?rlgqyeéﬁ{ll XJR%honel%ts 0 od"efsr} % %ngrga@ap%%ar iom?%%et her
wi t hi n pr édefibped Lyl @@emq baaraerals 38RadMnent nrecepdtipso neye corttaimoshr ee

types of EBE{HQBG%Epo%%n%nQE/@%r ASPefle JR-ddMEI D ELALYT£S1 & MRS od of

pl aci ng conponents of nultip types 1 n accordance wth a sequence defining
an ordfer ERewARER Fﬁé‘“@é‘nﬁé’ﬁ‘é’ﬁ%“&r EYPS Q) ResHinsh P ehed i el 1Dt i B on a

circuit bpardemkAtapsthseguence tal hide eSemiese,typl tp pl e conponents whi ch

belong only to a first group of at lgast two of the types of conponents are
pl aced. Likew se, conponents bel ongig%m—q)%%t | east one additional group of

at |least two difflr eme typescB3) Uie compentnts &retpkasedutomatically

controlling the placement of components on a circuit board.
30 A group containing two or more types of components to be
placed on the circuit board is created, and a placement path

by which any component within the group may be placed on the



I'n another aspect, the invention features a systemfor placing components.
on a circuit board. The systen1|ncludes a pl acenent machi ne conflgured 't gild
pl ace the ~~ ~" ;F~~'"~" ~"u;t 5 . conponents according to groups
cont ai ni ng at | east two types of conponents and a controller that governs
the operation of the placenent machi ne such3that conponents of a given one
of the groups are placed on the circuit board and thereafter 5 conponents
of another one of the groups are placed. Enbodi nents of the invention may

i nclude one or nore of the follow ng features. The placenent machi ne may be

a turret-stylecupehbdgraThe aust paiaksaiony ichel pdacemeorpeaam itsabl e that
stores the @ q; nents such that the 10 conponents within each group occupy
adj acent po TY h the conponent table. Advantages of the invention nmay
i ncl ude one or nor Endlodieerftd |Vt Prverietori mawi indbade uneion mayebe

reduced d“%{%r?é’”?&’i‘%‘hﬂ%a‘f@%ﬂ esSO g %E%ﬂg&e%fo‘ccoiln OGP

previ ously placed components may decrease. i e required to ﬁ ace
conponeft s Qﬁﬁ%ﬁ%ﬁr%ﬂl%d%BQFQYhﬁy §€°r§wﬁééd°§ycﬁﬂpén?W§ﬁ'ﬁh@é @éﬁtéﬁ%

whi ch provigles: gs&ai fsP’éQQEE&' g8 fhhichepayiotkhen keatl wiesudnd dvant ages
of the invention wll 20 becone ap Earent fromthe follomnng description and

fromthe cl3hheleBRERY pERBNIEPYEr E01AOPE2AN: GAMPPEGNGE R1c
pl acenent r&yﬁugme fﬁngguﬁp iBsbSmaypBéSﬂeﬁhh%G ¢bewnefludeCc anperient tape

reel . boar s re and to e of printed C|rc it Figure 4 is
a bl ock d|a B é%l g%%o U er s %Fen1 §8 E%gugggglyssétﬁﬁ w%dfﬁb5§h1of a
conponéft dgreasi nenerofrane ﬁtgaret60|SyaesabﬁecomnpaenmﬁgmxIS&MEQ&M a

count of CQﬁﬂﬂﬂ?ﬂgﬁsO@natﬂé'Bi?guEErBHhEdboaégveral aFeds ay be 'ii:~~3 6
Figure 7 is_a top_view of a printed circuit board divided |nto grld bl ocks.

Fi gure 8|sﬁ%f%%ﬁﬁe?%d%@%lﬁ?ﬁﬁuétlP@PrgndaEQuﬁPeoﬂrEHRp8ﬁ§n9§1@% iagch grid
bl ock in Fithrindlude types of components that appear together in a

large number of areas. The group may include two types of
15 components that appear together in more of the areas than
any other two types of components. The areas may overlap
each other, and each of the areas may be a block defined by
a grid.
The placement path may be developed by calculating
20 substantially the shortest path required to place all
components in the group on the circuit board. An additional
group may be created for every three types of componenes to
be placed on the circuit board, and a placement path may be
developed for each of the additional groups. The placement
25 path for each additional group may begin where the placement
path for a previous group ends. The components in each
group may be placed on the circuit board according to the
corresponding placement path.
In another aspect, the invention features a method
30 of defining a sequence for placing components of multiple
types in predefined locations on a circuit board. The
components are organized into groups each containing at

least two of the types of components. Components of a given



S Figure 9 is a chart containing a list of conponent pairs for each grjd-
block of Figure 7. Figure 10 is a table containing a grid count for the
conponent pairs of Figure 9. Figure 11 is a table containing a |list of
conponent 10 groups. Figure 12 is a top view of conponent reels grouped in
a conponent table. Figure 13 is a flow chatt for a shortest path
optim zation routine. 15 Figure 14A is a sequence listing for conponent
pl acenent. Figure 14B is a circuit board with conponents placed according
to the sequence of Figure 14A. Figure 15 is a partial top view of a printed
gl reuit Z%I%oaﬂd ﬁilén%wh%@t?%r@v&u@@cgl g@ ghédcg}:f@QK% bB%frﬂ”'aﬁ'@ftO Figure
a print cirguit boar may_i ncl ude nman i.fferent types o
conponentéi(?1 éﬁf I [OppoRents, Eh%FrEU oBo%P& $€OH§§ i& ude
el ectroni q:lqubrmnttshe schcast rlesmscﬂors capacitors, inductors, 25
processors, Temor yydgkisfehesA0¢ Lagl G i lidis m 3}1%&1&@/ LAGE! ggey oy
mechani cal conponents, such as switches and connectors OITe corrponen?
types 3e. af ,the o ldowbnpateaterr@nt | 1 onof hEhBoaPBPPRENS 106 GMifer s
(e.9., typeddp dxyale ﬁé@edsﬁé@oﬁée@ﬁych:oﬁ\BSnEﬁﬁédo’rfea&oth%rre%r .are 30
heaV|Iy p uI ated wth conponents, while ofher _areas gl g., area ) are
not. Referﬁ%quﬂRﬂ??Q)?ﬁ%gr%p%-g%?%%d%%¥ePes9§F§ﬁ956 i 8§d§§é&uF8 deS|gn
hayou%tﬂﬂﬁ dﬂyégﬁsiﬁfmﬁfimcumé bedst may be occhpleg~bbab 7 él a
roa map for acenent. of the.c opents on Cl,r cui oar an 0
or gani ze & co E)grslen S I%to g@bn%)ps Kor G%f‘nﬁf‘f’%ﬁeéﬂs%h | §& g&’ t he
circul® boadgr ﬁm dasign the dowenémyouef a goappt ereppdaegsloma?z bgses a 5

board | ay Qi IBHAMNRA SLOT Sib e I éyh5§qub§eha¥8%1@(:%9rt%@ 54
typically is an |nteract|ve p@gramt at allows a user to provide

i nf or mat i GPMECNEHESHrige e rIBIR hr otigh FYBEE BEvFEBRONENER &Nk ae¢Soar d

56 or a mms@a%m oﬁe;rm GRESSeE My wt@@temiﬁémbyoaheslﬁeaq@&n@wl deo
i mge 60 1Q ut devi,ces, such as a

ts 62 of the | t
Wage di sitay el SetedtitiF of i beet T Phndt: Bibsgranreriers
generui es pa'obmmd:yi dowadh |etesr . whimd qmagulbemSYOcedtamnamyxef twed or
t abl E”%Q' ]i nei fi
Pgrenf?l f?e ;c ng{B §npht§§]e1?]p§é!\$%ﬁgg§é9§ﬁi?héﬁ%?g%w %(:)Lg)régf and the
correspon@ﬁ@gl@mﬁoﬁ@teaﬁ%@tmﬁi@ | SlRRItIFPRR BBsal BaYi gentifines &hdkd

conponent ‘t$p@Xad ddaiddis as wed eécsﬂl;s&sie,bystrh&yxb& geenpRabasel its
centroid vmth respect to a reference point on the circuit board,

(1
such as t HEO%0 N¥ard sS4 BHerY | AP U et %fz fg%ﬁ%nté) EYReEoAPBRAERT
groumag poogtamr/@;italiso mtatefinad rmrmasmnéﬁt asesst heeaphobathen

cont ai nedlgugeggem rd ayQute ioar&%%gtégen% gnéhg types of conponents

to be inc he circurt o determ ne the quantity 25 and
| ocations of eachl@orpehBAr fypectBasbe dnvemdserddieatmura iomethde

groupi ng BEOGHAM; Ay @cﬂ@ﬁjr?eﬁ&sl her GRIPONESIM St 15‘&9 QHOHEc%of:QEncé' ykhageous”
pl acenent and generates a set of roupl n |ns ructions 72. The grouping

i nstructi 6RYIEFES d&f]}rﬂd}ﬁpéﬁbrﬂ §th & gr ashe SPRYPREBOScBRPonent type.

25 placed in predefined locations on a circuit board. In a
subsequence of the sequence, multiple components which
belong only to a first group of at least two of the types of
components are placed. Likewise, components belonging to at
least one additional group of at least two different types

30 of components are placed.

In another aspect, the invention features a system
for placing components on a circuit board. The system

includes a placement machine configured to place the



A shortest path optimzation program 74 in nmenory 55 uses the grouping: ...,
instructions 72 to calculate the shortest placenent path for each‘conbOneﬁP
group. Because the ~ 7, ~;li~~ grouping programidentifies all
conponents in a group as a single conponent type, the optim zation program
cal cul ates the shortest,path for the groupsas a whole rather than for the

i ndi vi dual conponent types that make up the group. The 5 results of the
shortest path optim zation are stored in a placenent instructions file 75,
which is used, e.g., by the controller 33 of Figure 1A to govern the

p| aC?m?ntc&ﬁp@@@?@@@igbéoﬁﬂiﬂgcEngkbu%@abdnt_BﬁfrﬁHgi ng tl%aBg:gltﬁ.% ;isy;ie@i‘ .
conponent groupin program begin retrievin e board .l ayo ile
and - ~,,oga?gﬁﬂﬁg??t?oaagnér8P8g§83&e¥i§ga5fgFWE%' NSRRI and a
count of eleehplypemektgnaehbnessachabhetcopingiomend sa dfi st ganekra coeuntt of
conponent p f i Lt ~ho . ElLgur i (0 r m

di vi des S%A%Hgé%?géu%?gbggégg?SO?n?égaggfggq%F?S%FgP$§laﬁ%ﬁggﬁgﬁg%gs 90 a

| i st &nd @cmRemehbH$ @5n§bﬁ§h?rt9ﬁés°ﬁntg&cﬁr@M®ﬂ<Qﬂe1H#?%$q-d (Figure 8).
The program t hen rgeRelidat P2 @ dHS 0ol RONEN PAETSdk NoBACHr Ghbde bl oCck
(Figure 9), which uses o?gount 94 hhe nunber of grid bl ocks containing

i
each of t E%%p%ﬂ%i?w BY r 5838V BF gur e EoP L2 PRSP o e e Fadr F5nizes 96
t he conponentetypeglénhachinaps The Sgeneht aneousaypliaeaneet a Fi gure 10)
and cal cul ates 98 _the sho t bl h for .the ¢ nents i n each
group, asc%%??n%%tf%?bgﬁcﬁﬁgﬁg?gagégnﬁgg(g?th@fngﬁhf%#égﬁé %?pgiéA sanple -
code 1Por ¢dmporeups ngliBipr egrhnvroupontahpgd aid) adee tatposchddndpgendi x.
Referring.to gg%%gﬁégt g1 groupi ng programuses information fromthe board
| ayout file to determne the size of the circuit board 76 and to divide it
into a grid. Gi@dvEmdager ob thes 1nveninkPymay2ingyBugde O ¥ B oNng t he
x 30 andlcyf ﬂ%@sfolEcS@Qﬁ@lngiélintﬁddi:&ikdﬁitlh%oﬁfi@r %o]:ﬁoinn}rrfaye@ém | é-Si zed
rectangul ar ,areas. 100 ("gri ocks"). The lines are ua aced,
br of of SbI P AT S T IR S BPP BB R b ARE RIS Ene ATy 0 ITTHEEER Hhus.  a | 0cm
X 8cweboarakrring Véoss drevidedsint plappioxinpbeley tswevlyy dgorealsieocks Z00 (5
x 4) . R r i gur t -Rg -pragr erm i ch
types ofeégaﬁ%ﬁgﬁgéégg%??gl?Hiﬁ%gcﬁhggggéggpg%sogp%dC%FE%E% f%%&giaﬁggunts
how many konpoieeed by eaeh Fype AlBRappearnin eadhbleeridrs @desdert he

program peFdidmich "é£85cibaByOr - equal -to" conparison of the x,ycoordinate
for each conponent's centroid (not. shown) to the_ x-coordinate or

y-coordi nate of CHBEGr F&YHIES RP wslvapfagas) o thpienteon yaill
respeot i v agomd huspareconponenthahdsiloehhyobdskas pad ox- aodr dirdat &hleess

t han or qg%%!sgo the xvalue of line X1 and a y-coordinate | ess than or
equal to € y-value of line Yl falls into grid block 1-1. Likew se, a
conponent whose centroid has a anDbDesgiaptigmeater than 15 that of X4 and a
y-val ue greater Ehgfrthat qfs %3 do) haidintdxr o i bbb Ockno-fh aBayse the
program perforns a "l ess-thanor-equal-to function,” a conponent whose
centroi d M3¥s ™ a grid line falls into the leftnost or |ower grid block.
As apsexanpl e, cehnguder 1griid bl el sPHadtiv chiadd entd rednpatsini tspone type
B conponen%i one type E conponent, and one type G conponent, but only
partiallf‘%&ﬁtains a second type E conponent and conponents of types A C,
D, and F. Becaus&ighresedt roidd 3102 eoftapher iteppre € qonporeshtciotaaity |ies

wi thin gnjd Rock 2-3, the grouping

Figure 4 is a block diagram of a computer systen.
30 Figure 5 is a flow diagram of a component grouping
program.
Figure 6 1s a table containing a list and a count of

components on a printed circuit board.



25 program|ists the type C conponent as a nember of that block. The,same
is true for the type D conponent. The |ocation of the type F component’ ' it /{ill}
which partially lies in four grid blocks (2-3, 3-3, 2-4, 3-4), is not as

cl ear. But because the centroid 104 of the type F conponent lies on 30 line
X2 and below line Y3, it also falls withingblock 2-3. The centroids (not
shown) of the type A conponent and the second type E conponent are outside
grid block 2-3, so the program does not |ist these conponents as nenbers of
bl ock 1 . 2-3. Therefore, grid block 2-3 contains one conponent of every
type except type A Referring also to Figure 9, after the grouping program
lists and counts thigeesponetsts taptMéevapfoasPyinged bBRsekdt100arft

det er m nesyapd kst stbhegrG@MARRKs pai rs appearing in each bl ock. For
exanple, grid block, 1-1 contains one type A,coggonent and two txge

y ) E
conponents, so thef HF'Hgf atn 15 st steBhpoReRE2PREPIAZELAS Tt RBDOAPYFalPE i n
bl ock 1-1. cBmpansatbl ek 2aZhcomtial N8 okerin camanent. type . | 0 except type
A, the programlists hj I 1 nent _pai;rs tha type
A Reféfring to F?%ﬂ?%é%ié %%egggggﬁﬁnéoégggggﬁgtﬁe%afﬁs g %ggﬁgégﬁgonent
pair 106 thatrappear sach oiddobdiogkarmf &Fieust 708 of grid bl ocks in which
each pair appears.gj 451@0ﬂ@0999£bpé'éoﬁ@§§n§ﬁﬁe§rérﬁBSEoﬁﬁﬁeBo£At§e ni ne
bl ocks) tops the list, while the conmponent pair fhat "occurs |east often
(A-C, C D, cempongnf peirsmefeddiyLiss A-isted last. Referring also to Figure
11 the groupi ng progiame usesis he tasleofosoaAPANARt apaiss 6Fi gunpodBhtt O .
organi_ze the 20 conponents into groups 110 of three conponent types. The
progr cr8aP88%the first conmponent group 112 by selecting the two
conponent types AFiguitmtlarake aptophevpawrofhcohponentsraedt gfoeped@A-E).
If two or rg CoRNRBASAE @ﬁbﬁ@lappear the same nunber of tines but nore
t han any other 25 pairs, the program selects the pair that includes the
hi ghest total nunterdwie cohpbhehtslef therbobed. aFehoekampl Bathf pairs A-E
and A-D hagpeppeasedohnrbleigane nunber of grid blocks (Figure 10), the
program woul d sel Qtlpair A- E because the b ard.con%ains 52 congonents of
type A>30 and type EU5%hi tH i %S moretIRIRCE net S8 Y pECA GREPPYHR D
conponent spl&ceguent6). The program then rounds out the first conponent
group 112 by sel ecl. e, .compane f e il =",
~" i 11 occurs_vq\:n'tlt oénr(;l%%:oltr%eg]t%r%?g%i%g C;1/ égﬁgc?é’hgggﬁégﬁe%?aéﬁ%es A
E. Because2¢eppdhbdt toyphs BedpengrdofE dFdeureedddlly frequently with one of

the sel ected conpangphse As B Rl QHec{10)  tbpeyPEQosaM NYSineeh esirshert hird
conponent 5 usin our possible tie-breagking nethods. First, the

.one fou
progr &M meyP et e %V%ﬁﬁdcbﬁﬁ n8NEILEPBINHaf I O Sst of ten on the circuit
board (Figure 6). Regeond,ng ftd el piegram austichedseibet weebod® TOnMponent s

that are paij ef% ' t ane e & f rom.t firs ai.r, .t he program
may choosen?él% @%@%@%gﬁtgﬁﬁgg%ggug pr%s?ff :ég)alﬁigﬁlteltnf%wpt’h Bt’hg’o.tDr‘ier
conponent Erofm téedfGr st Thai FirThas, bphrdhd of megt lpa@ilndehedestironpai r A-E
and pairs As8,a08,A5D anenthe LeURLRLRG PRLLS LRRL-OCGWaRSLsof ten, then
t he program may choose the conmponent type or D), that occurs nobst often
wth @ﬁpe procéssors, nmemory devices, and logic circuits, and it may
include mechanical components, such as switches and
connectors. Some component types (e.qg., type A) appear
frequently on the board 76, while others (e.g., type C) do
not. Also, some areas of the board (e.g., area 78) are
30 heavily populated with components, while other areas (e.qg.,
area 80) are not.
Referring also to Figure 4, a computer system 50 may

be used to design a 'layout" for the printed circuit board



15 conponents. Third, if the program nust choose between two conponents
each paired with a different nmenber of the first pair, the progran1ﬁﬁy;jg';wq
choose the conponent paired with the nost frequently occurring nmenber of
the first pair. Thus, if the first pair chosen is pair A-E and the program
must 20 choose between pair A-D and pair E-F, the program nmay determ ne

whi ch of conponent types A and E occurs nost frequently and sel ect the
correspondi ng conponent type D or F) respectively. Fourth, the program
sinply may sel ect the conponent appearing 1n the pair that occurs first in
the 25 list. If the programuses the first approach to select the third
conponent, [i-8elelt ECEHRBBNERT PYRECPSENEE tthE KOARPTESHHSaiNs thfie type D
corrponent2 S &baau%ﬂybaltabgr) Bedritbi Bgghypee( Eh@gb@n@bneﬂt% fiintsd gmm;ment )
group 112 thus .includes type,A_t D type E.c Qnent After the
first conpo %ﬁtﬁﬁFBHgtTTEOPg 08%6ngég%tﬁg %EggféﬁFgﬁﬁi%g%r 1 éﬁhponent
pai rs cont ailes hgnahizeobothd flayeetsekectrputemrporemtestsmes2Audas B and
repeat s -t he =l oAl FI e 2:pr on..t r i< Ng ir ~F, F-G
B-C C C?%?r(timtl P O‘flgv\gfotc‘;hggln fc) Ergggggﬁpéﬁeﬁ% mtoy es',c’ryr'errarlf?%!. % y&udrfgr ouped
conponent s Preghglest) tipéceddst éd PRILPFEUARYYeFEr agFarcithad @ P ¥6

of Figure 3usthersepgopdiaenpanenhabighodp thé iprelcedesrt yre dhrduge F, and
type G conponents.

Tége C conponent s are ungrgﬁped and thus gre treated as
2 Singl e 11670 he GYoRBFnGSBFBoPantalS8oRAY TgaRerkt & MEHEadh gr i a count
of the totaprovabsorohagonpopent $nfd8nd@iappeanichg aen at ve.dewarichagehesd i r st
conponent group. (Lyp D; L.nc i -faur : e nj y-one
comonant s 55 Pre Eaar i oFfngotarauty tHEEROR KLXELG A e Bl g
contai ns twenyYydepvalepAprnéAt 8F andirmhgespPHgnEer166(-t yFaeC)laysittai ns two

conmponent s. , 15 Rehekki RYsLOgERAURBedZ2a BREEAL HEyERARPENAR! doyPem iRayendieen
grouped, the conponent reels | 20 corresgondlng to each group are placed

si de- by- si de®i A9 &9 cBRpaREnt 1¥&HI BT 159 CFRé er 8&PE 3824 ™rG ¢ h o e Y5 st
group of cospoments thypesaAd DaybBhtareléi 68t iplkeatad jiert @aldhe dfabirss

follo by 20 the el f th e o] t.ypes F, G and the

r eel ?gg cdﬁ?%?%?%ﬁE h%ggiﬁgﬁg géng%%e%?ggf?§p§86§g 'Fh?ﬁeeach group, the
reel cont ai®emgeshendbsy FeapaeantytypeurriThg dewponerdtide $8pladced bet ween
the other tygone CPIPONERLR LBnbBReALOUPexIRE 80RRR 1 e Ay PR tAESedl 30, and
25 the type F reel 132 are the center reels in the first group 124 and 't he
second groupRa26; YTESPERLNGERPYCL ReEEr FRAGF POIFHGliPe FESPEE SO Pest pat h
oEti M zat i ofe P&OGHaN psgﬁtlt melrg@mﬂpihag ir-.]nat &mﬁbh?ms poErgyr eudh ﬁrs]?aﬂlﬁj bK

t he grqupi rogramto_c ate the test placenent 30 pat or eac
conpongﬁt Q%E%ﬁ? Th O%%fi%?%ﬁt?%ﬁn%fo% aﬁ?%??§? 8Zfernines 134 the

| ocations of all cénmpomesrenin dXeEing Prpatgn (Whi ohl $hies geoepi by

| nStructi ongeddflsas 8ssknghe eRtob¥Ac0H €Bheulabes ih2@pkheoshertest path
for |~~~ 1,7.,J.1 13 Elagenent of these conponents. The programthen
det erm nes h388&Pihel 1 beafBoRS sfehhel¥oiPBNnERPSSI Rt RONPEESAFSyCUPeand

cal cul ates 40 hdea sbRrtrst cplacetepbapat Anfiokot hetseqand CoRPERRML iGROUp.
The optim zation programthen repeats 142 5 the shortest path cal cul ation
R torponen

for alt’rerfdithih 57 SR pSCMRRRANE hEYBRogr BAFFEaCReSPERE fi r st

si ngl e conpbxentmiypeions, deher groesidd4dptrberkacabi onganfi zatl thenponent s of
this type and cal cul ate 4 he.s te f 9] f ese
conponents.cq$ﬁf?ﬁ%%?aﬁ$¥ép§5§%si4§$%higiﬁggéggggkﬁ u%ﬁ%ggﬁ%ngoﬁkghents
remai n. Refegnergtesd &igeakest larcapdnd4Bisthucshontese -pafheogriodbZad on
program gengiat8sc @i SeAuePest | 4811 BEmpERhBat s eherMnes akhg aridene n which
conponents are placed on a circuit board 164. The Sequence listing 162

i denti fPes <RyppPnent type.

A shortest path optimization program 74 in memory 55
uses the grouping instructions 72 to calculate the shortest

placement path for each component group. Because the



15 conponent to be placed on the board by its nunber 166 in the placenent
sequence, its position 168 on the board 164, its type |70, and the(group,.q,,
172 into which the conmponent falls. For exanple, the first conponent Z7¢‘t
be placed on the board 164 is a type-D conponent at x=lOm y=IOm and the
20 last conponent 176 to be placed is a type-C conponent at X=25mm y=4onm
The arrows between conponents in Figure 14B show t he pl acenent path
associated with the sequence listing 162. Wthin the sequence listing 162
are subsequences 25 178, 180 that quide the placenent of conponents within
the conponERPUEEEEDEE OB afthd dentdt Legh SdduSiEw oIt s i & GHPUP cBipdnent s
{typed , stﬁadeEce?ge@temt %){p@rethx'ea%%l(ﬂﬂztaPﬁd?p@'rdag]I% AW Thide
second subsequence conponent s

component o Par SIGEAERY. PAEH RET38Ee qHoEs A3 <1 I HFo2 &S CHHb 597 st
subsequencehk78ndavudmpuetempbebmmetw@@sseﬁmndn&unsequen@eqhﬁhﬂuﬂywne

Af ter 1 e re.p d, I 1,76 {type C
conpong : S?eggg%g %‘%”gﬂ% @h?}r%e%t lp%&% Qpltt'l%lsz'a'{% 31 Ca%”en‘?g{ed}leﬁ f{

Al t er nati vellpcearod tihetyhetions ﬁllé@eﬂént W@ettdh hiss Usesh @algul amedtfie)r

each CO”DOE%RErQ:rlQ‘éQ sBherend (RPNt @ RS HrRcenE Y1 RalihdTaye be mat ched
up to determne the order in which the groups are placed. For exanple, in

Fi gures 14&CBPRRGNEEBOT: Re CEEGULH) PORFS0i nt of Group | is closest to the
(35,2D) endpoi nt okefZotind |lto LFkeuntses, thﬁe(&@mﬁsheﬁﬁd@ﬁbﬂblﬁ@ Goup | is .
closest to_the (25,40). _endpo t.he i,n comonent . fore t he
corrpon)e%ts P ﬁe%m be%lcrjls %E)’ Iratg’(]a'ﬁge’vmtgh?a3 fo ovm nrépcpel %errgeﬁ r@oup I,
10.G;oup Iparsnnghn§ §ptgameentetﬁé aydd s€ @dhﬁﬁﬁemeﬂﬁHQftupmﬁqn&nt#|rst
in the sequaace. cbiigcCeouRaknCogpanenta i ¢ b Bl acef Aledifsihis qfh;ced N

through 18 1 n the sequence, he (}ou 'l conponents woul

positions 19SthPddgR SPUNE Che COBEGESOE. UWR%? it dihs Qﬁﬁﬁﬂﬂqu?9%¥4nﬂﬁj

tlhle 15 El agegark grde]yeafc CQBEQOI@QI&E;&FW thvﬁd@sgr&BU&H@)leﬁ:dlfﬁlefdaﬁdi :1 0

al l ow t he en 0|nts roup s acene to matc wi th the
endpoilits SRTBAPagEf dFOTBEe. The 20RoGETIG A5 oo A @ Ehdt (6 pat h
optim zati ofi abgppinehin aypesnmay kechs éd ook sﬁsmMu;dnmdrnyﬂgmnanalpIe

pl acenent hj n s ar.g I i vi ded
anong seve‘rﬁg% EPS?rahntkgﬁ %F%ézgﬁggbglzaﬁcg tcshe cyc gnptq%n%el‘l&g %%rrrgchl ne.
Referring eochi guid p3ockn (FAgnreePnat Mpd contiddiveast tQEﬂ9q¥ﬁnﬁﬁrﬁ?%wogram

i nproves cagReRenbrIgeuRl Bgoaisb)éoﬁﬁﬁli'hh% thath Jroselsy c%xﬁﬁdﬁie@ﬁ gRnRenent s
al ways_are Counted a conponent Ee In the %rld of Figure 7, conponents

a
154 arkd 156FRBHFG A8Y - beTBSURFGATAD 5GE PXIaTdrt oh g e G MREn <y
different types andoageonabeseby gBhUﬂﬂ&dnab&@&U@ﬂat@ﬁﬁﬂﬂ € Fdigyuaepasi)t e
E: des of 9 Lg !:h%uﬁtégd9§0thge%§‘59“c%s@°p’i% efm%'nt %‘t% e e grid
ock. VVt an overlapping gri owever ents, If S|tuated
cl osely eneeghoneﬁeSCentaaﬁhterpapb ﬂﬁtwedls@ﬁefgﬁi@aemo@mgrouﬂeﬁ i "FJ .,

~ |~ _tn g1k) 180f bgemzoﬁ 1- 2 ttss%fpu@e%oe'eorf%ﬂ heeX w3 u? by the left
ed € 158 o the circuit board o and ine X1' and’is defined al ong

the y-2&xi sSPE9IFRIRdLFi feBt¥2RedndnyEhe ?%éaFgéétﬁ@We@@lﬁhld line X1' is
offfset gl smal | di steaﬂ&e]lls?doe;wrfdlqdéeg |’D,B?Em@rg@$2uzbﬂ$goi?r@_l;1;@hl@ééﬁ line X1,
preferably.about two | ers, [ IS ined a

R axts by SRFETRhLSnEEohEh S BoaRT APURYT o - 5% SBSIGPR FPReS ¥5a and
Y2b. The Ioﬁathencmfcgitdbbhné X8bahg &bf détidepridxiimioeky gvid -m Griidet er s
to the |efisglsthe 19,) ogalion QEdt be, 0ghgi 23] 296l drle atedtho}gew ALY
grid bl ocks 1-2 and 2 overl di §t ance g pr oxi mat el our
ntlllﬁ@ter%ndehOUQﬁeﬁo EPFBRFE%VP &sttSnélUﬂdﬁhé @o#ﬁ@ﬁénﬂ§ 15%0 156 to

fal | into &gt oyidibbacksctuhbahaenavess tbat (t'tyeleomee&et's 154hel56 are
treated as, & galr 15 | f goth co onent 15% g § Wi thint ?e overl ap
regi on 160M1R%8 RbApIABAL Yl%ﬁac 6 RFF ehablyel¥ed §4552P5Fr ©fn both bl ock
1-2 and bl aghr@x2maffelpreventythéltompoaests Thds, 156 1bcanxcéptr bbatdng
twice to the pair's grid count, the grouping program nust anal yze the 20
overlapping grid blocks 1-2 and 2-2 for additional occurrences of the pair
formed by conponents 154 and 156. If either block 1-2 or block 2-2 contains
an additional occurrence of the pair, or if both blocks do, the presence of
the pair in the overlap region 160 will not affect the



25 grid count. But if neither block 1-2 nor block 2-2 contains an (] +on a..
addi tional occurrence of the pair, the grouping program nust subtract ‘(')n‘e""‘j
fromthe grid count. Other enbodinments are within the scope of the

followi ng clainms. For exanple, conponent groups may contain 30 two, instead
of three, conponent types. For conponent p?acenent machines that are able

to pick fromfour or nore adjacent conponents w thout a reduction in

per formance, the conponent groups may include four or nore conponent types.
~ 1~ 7r"" 16 In addition, optimzation algorithnms other than the shortest
pat h al gorjé hia n@ayv beedisedco Wgbrbgigh8bipdeisnty 'grild 'blooks "100' (5
17 CLAIMS 1. '"A nethod of automatically controlling the placenment of
conponents4bn a circuit board, conprising: selecting nmultiple areas on the
circuit board in eaflerofinghiadlscaneas itcheressahe e upr ofp cogppnegtam

compri Si ncy 4¥.of p JLT 9§ XRESy B COPPODAREAchE Ll 4 be Bhacadre Andhdlel i neating
a pl acenent p&? bet ween con% nent | ocatiron points for the conponents of
each t¢pe Varidwes ggolp Pboekablelsendenrhatsphavemamy comasmsntdmfonent s

at the corgespopdhadncQNREPERt LRACAALRANLRBERLS 8long e RRceRYraath. 2.
The nmethod of claim1 wherein the group of conponents conprises two types
of conponeMREERIAT Ar eledsSpehRNoREr §I4fL GLPEd CPEPEAEIFOBt Ivdr T8 Mar¥y™

| ocati ons &dotden£tée Ciibt 888K dcomponent’s centroid (not shown) to the

x-coordinate or y-coordinate of the grid lines X1, X2, X3, -

10 X4, and Y1, Y2, Y3, respectively. Thus, a compocnent whose
centroid has an x~coordinate less than or equal to the x-
value of line X1 and a y-coordinate less than or egual to
the y-value of line Y1 falls into grid block 1-1. Likewise,
a component whose centroid has a an x-value greater than

15 that of X4 and a y-value greater than that of ¥3 falls into
grid block 5-4. Because the program performs a '"less-than-
or-equal-to function,™ a component whose centroid lies on a
grid line falls into the leftmost or lower grid block.

As an example, consider grid block 2-3, which

20 entirely contains one type B component, one type E
component, and one type G component, but only partially
contains a second type E component and components of types
A, C, D, and F. Because the centroid 102 of the type C
component clearly lies within grid block 2-3, the grouping

25 program lists the type C component as a member of that
block. The same is true for the type D component. The
location of the type F component, which partially lies in
four grid blocks (2-3, 3-3, 2-4, 3-4), 1is not as clear. But
because the centroid 104 of the type F component lies on

30 line X2 and below line Y3, it also falls within bklock 2-3.
The centroids (not shown) of the type A component and the
second type E component are outside grid block 2-3, so the

program does not list these components as members of block



3. The method of claim2 wherein the group of conponents fur thenqquppj§§§
a third type of conponents that is to be closely situated to at |east - one.’
of the other two types of conponents at several |ocations on the circuit
board. 4. The nethod of claim1 wherein the group conprises two types of
conponents that appear together in nore of the areas than any other two
types of conponents. 5. The nethod of any of clains 1 to 4 wherein the

sel ected areas include overlapping area®. G The nethod of any of clains 1
to 4 wherein the each of the areas conps ices a block defined by a grid.
=) ] 8L87? phereksrs,18ria Fheciebhad Qfh@@h Oforfd aldifdhdife 4omherein
the placenent path is devel'oped by cal cul ati ng substantially the shortest
path requfYeHYt bYBPaBE<8Pt &8RSoRents of each type in the group on the
circuit boar d. KReflhe iwfhorkofte! midude foft Aeteg0tpei gkBgpehgati ng an

ddi ti I th furth f ts to he pl d. | h
o onabe 4R 8LCLNESS LUHIST SLUPES O COmONans Q.8 place 0 eac

devel @pi Nglackespedti vt peidesminespand Bétsweertheompopenterdtoqation poi nts of
each of the fur;phen types ¢feempopent §.af that 't'gﬂﬁ!_@g up. 9. The
met hod of§§$a?n%%8mggre?n t eop?acenent pahﬁ fdrq%¥§e§}ltloné? gr oup
begi ns whepnB2ihe phacERBRt Ap&PRPPEENthangy &Vico iRy duFomponents, so

the program lists component pair A-E as the only pair in

block 1-1. Because block 2-3 contains every component type .

10 except type A, the program lists for this block all
component pairs that exclude type A.
Referring to Figure 10, the grouping program then
lists each component pair 106 that appears on the board and
a count 108 of grid blocks in which each pair appears. The
15 component pair that appears most often (A-E, nine blocks)
tops the list, while the component pair that occurs least
often (A-C, C-D, C-E, C-F, 1 time each) is listed last.
Referring also to Figure 11, the grouping program
uses the list of component pairs (Figure 10) to organize the
20 components into groups 110 of three component types. The
program creates the first component group 112 by selecting
the two component types A, E that make up the pair which
occurs most often (A-E). If two or more component pairs
appear the same number of times but more than any other
25 pailrs, the program selects the pair that includes the
highest total number of components on the board. For
example, 1if pairs A-E and A-D had appeared in the same
number of grid blocks (Figure 10), the program would select
pair A-E because the board contains 52 components of type A
30 and type E, which is more than the 39 type A and type D
components (Figure 6).
The program then rounds out the first component
group 112 by selecting the component that most frequently



ends. 10. The nethod of claim9 further conprising sequentially placing: ;o
conponents on the circuit board at said conponent |ocation points along the
pl acenent path. 11. A nethod of automatically controlling the placenent of
conponents on a circuit board conprising creating a group containing three
types of conponents by u; dividing the circuit board into sever al bl ocks
defined by a grid, b) deter m ning which types of conponents to be | ocated
on the circuit board appear together w thim each of the bl ocks, c)

selecting two types of conponents that appear together m nore bl ocks than

(I B |

any ot .hero&‘? Eyg‘i‘%h%n@%o%%t %o predibusly seldcteél dmpogent > > 19 d)
sel ecting a hrr type of conponents “that appé%rs wth one at the other two
types of tvApBnat &-| nBreriss ceRwanent dnpast Fer R wang pescetuEonponent s,

and e) defifkngyt PBgLAHR1LO WGHH ik RTRINENS Lt ddedlk S5t et ed
types, calculatlngpsubstantlall the shortest path required t%%glace all of

the conpohBhTYEEf 1Phe TPFePTOGFEH MFH FHIREYrdth Tt %ec%WPO %t board,

creat isng addhgi onal frgneupsskdbleyvariy-{diea ing et tfodponend s, remai ni ng

and program may select the component type that occurs most often
on the circuit board (Figure 6). Second, if the program
must choose between two components that are paired with the
same component from the first pair, the program may choose

10 the component that occurs most freguently with the other
component from the first pair. Thus, if the first pair
chosen is pair A-E and pairs A-B and A-D are the remaining
pairs that occur most often, then the program may choose the
component type (B or D) that occurs most often with type E

15 components. Third, if the program must choose between two
components each paired with a different member of the first
palir, the program may choose the component paired with the
most frequently occurring member of the first pair. Thus,
if the first pair chosen is pair A-E and the program must

20 choose between pair A-D and pair E-F, the program may
determine which of component types A and E occurs most
frequently and select the corresponding component type D or
F, respectively. Fourth, the program simply may select the
component appearing in the pair that occurs first in the

25 list.

If the program uses the first approach to select the
third component, it selects component type D since the board
contains more type D components than any other remaining
type (Figure 6). The first component group 112 thus

30 includes type A, type D, and type E components.

After the first component group 112 is complete, the

program strikes all component pairs containing any of the

three selected component types A, D, E and repeats the



for each additional group, calculating the shortest path required tq{plqce .
all conponents of the type contained in the group on the circuit bodrd, 1 7
wherein the path begins where a previous group's path ends. 12. A conputer
program conpri si ng conput er program neans adapted to performthe steps of

any of clainms 1, 2, 3, 4, 8, 9, 10 or 11 when said programis run on a
conputer. 13. A conputer program conprising conputer program neans adapted

to performthe steps of any of clainms 1 or 11 when said conmputer programis
run on a conputer and said placenent path is devel oped by cal cul ating
substantially the shortest path required to place all conponents of each

type in the group on the circuit board 14. A conputer program enbodi ed on a

conput er readabl e storage nedium for automatically controllin o] eration
of a compRERIHT ?%etﬁ?aﬁ%ﬂ%hPlBg BBHPENERTE of 4" cPrEui t~BoaFd 't he
conput’er pﬁ@@&ﬁﬂi@@@ﬁrtsaﬂgtaréeuabmpenéat tgpablfymagnconpngent | ocati on

points O conpo of dif nt ,, Qn.a_circuit, boat -~ ' w 20
a rout|neufrz)ﬁ’[g};)ﬁ1 %l%ﬁm o) %ﬁ%% i gggies ) a% %rﬁ%F%StEnlelPucongbnents
to be pIad@&w¢h¢n¢itpvetrbganﬂs76n0ﬁh§lgureuﬁt bbar decand gompgnend f or

devel opi ”Q;Df”mpé acefrenh - Pakbs byyphi gh E%Q %ypgnef tyggpeneeﬁ pWhbRiER the

group may | aced at the correspon I hg .conponent “Tocati on paints on the

circuit tx%MRFeﬂcﬁ@FPﬂéeﬁF%C%ﬁ%nP”EEPHPeQSa“ﬂntBBEa?é?UErFBFeéoﬁ?rélI|ng

placenem:gﬁn§pgppnents on a printed circuit board conprising a conmponent

grouper t hat Crea&%ﬁ é%&%ﬁ%é”%?éﬂégﬁmélso égy geﬁ%rate for each
group a count of the total number of components 118

10 appearing on the board. The first component group 112
(types A, D, E) includes sixty-four of the ninety-one
components on the board, the second component group 114
(types B, F, G) contains twenty-five components, and the
single 116 (type C) contains two components.

15 Referring to Figure 12, once the component types
have been grouped, the component reels 120 corresponding to
each group are placed side-by-side into a component table
122. The reels 124 holding the first group of components
(types A, D, E) are first placed into the table, followed by

20 the reels 126 of the second group (types B, F, G) and the
reel 128 containing the single components (type C). Within
each group, the reel containing the most frequently

‘ occurring components is placed between the other two
. components in the group. Therefore, the type A reel 130 and

25 the type F reel 132 are the center reels in the first group
124 and the second group 126, respectively.

Referring to Figure 13, a shortest path optimization
program uses the grouping instructions (Figure 4) created by
the grouping program to calculate the shortest placement

30 path for each component group. The optimization program
first determines 134 the locations of all components in the
first group (which the grouping instructions treat as a

single entity) and calculates 126 the shortest path for



types of conponents to be placed at nultiple selected conponent |ocatjon.
points on the circuit board, and a path generator that devel ops a placenen
pat h between the sel ected conponent | ocation points by which conponents of
each type within the group may be placed on the circuit board at conponent
| ocation points along the placenent path; and conponent placenent neans for
pl aci ng conponents sequentially on the circuii boar d at the required
conponent | ocation points along the placenent path. ' 16. The apparatus of
cl ai m 15 wherein the conponent grouper creates an additional group for
every three additional types of conponents to be placed on the circuit
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and 20 last component 176 to be placed is a type- C component at

¥=25mm, y=40mm. The arrows between components in Figure 14B
show the placement path associated with the sequence listing
162.
Within the sequence listing 162 are subsequences
25 178, 180 that guide the placement of components within the
component groups. In the first subsequence 178, all Group T
components (type A, D, and E components) are placed on the
board 164, and in the second subsequence 180, all Group II
components (type B, F, and G components) are placed. As the
30 sequence listing 162 shows, the first subsegquence 178 is
completed before the second subsequence 180 begins. After
all grouped components are placed, the single components 176

(type C components) are placed.

(i



a controller that governs the operation of the placement nachine sqphrth@hn,
conponents of each type in a given one of the groups are placed
sequentially at presel ected conponent |ocation points on the circuit

board, 0 1~L,.,., i~f,.~ 22 and thereafter conponents of each type in
another one of the groups are placed sequantially at presel ected conponent
| ocation points on the circuit board. ' 21. The system of claim 20 wherein

the controller governs the operation of the placenment nachine such that al
conponents of each type of the given one of the groups are placed before
any conponents of another one of the groups are placed 22. A systemfor

pl aci ng conponents on a circuit board conpr|5|n a conponent table that
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the single component. Therefore, the components likely
would be placed in the following order: Single, Group I,

10 Group II. In this situation, the type C component would be
placed first in the sequence, the Group I components would
be placed at positions 2 through 18 in the sequence, and the
Group II components would be placed at positions 19 through
27 in the sequence. When endpoint matching is used, the

15 placement order of components within a group may be inverted
to allow the endpoints of the group’s placement path to
match up with the endpoints of adjacent groups.

The grouping program and the shortest path
optimization algorithm also may be used in systems having

20 multiple placement machines. In these systems, large
component groups may be divided among several placement
machines to balance the cycle time of each machine.

Referring to Figure 15, in an alternative
embodiment, the grouping program improves component grouping

25 by ensuring that closely situated components always are
counted as a component pair. In the grid of Figure 7,
components 154 and 156 would not be counted as a pair, even
though they are of different types and are closely situated,
because they lie on opposite sides of grid line X1 and

30 therefore do not fall into the same grid block. With an
overlapping grid, however, the components, if situated

closely enough, are certain to fall within same grid block.



the controller operates the placenent machine and the positioning 8bher %3
such that all conponents of each type in one of the groups are placed in a
presel ected sequence at predeterm ned conponent | ocation points on the
board before any of the conmponents in another of the groups are placed on
the circuit boar d. 'h C p~y i I'.i 2B 23. The system of claim 22
wherein the controller further operates the placenent nachine and the
positioning table such that the conponents of each type in each of the
groups are placed at conponent |ocation points along a placenent path in
whi ch any type of conponent in a group may be placed at any position al ong
the path. 24. The systemof claim20 wherein the controller further
operates the pldﬁéﬁ%n?l%%%hin% afdeRENPBsPLPBAI ot ¥oPEISUSH &t the
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Of qc?ffe&gggtgggegfapgga 4 Q9RLhe L W4t hishPradel ifed A &as, of-ffe circuit
blocks 1-2 and 2-2 overlap by distance of approximately four
millimeters, enough to allow at least one of the components
154, 156 to fall into both grid blocks, which ensures that
the components 154, 156 are treated as a pair.
15 If both components 154, 156 lie within the overlap
region 160, the components 154, 156 will be treated as a
pair in both block 1-2 and block 2-2. To prevent the
components 154, 156 from contributing twice to the pair’s
grid count, the grouping program must analyze the
20 overlapping grid blocks 1-2 and 2-2 for additional
occurrences of the pair formed by components 154 and 156.
If either block 1-2 or block 2-2 contains an additional
occurrence of the pair, or if both blocks do, the presence
of the pair in the overlap region 160 will not affect the
25 grid count. But if neither block 1-2 nor block 2-2 contains
an additional occurrence of the pair, the grouping program
must subtract one from the grid count.
Other embodiments are within the scope of the
following claims. For example, component groups may contain
30 two, instead of three, component types. For component
placement machines that are able to pick from four or more
adjacent components without a reduction in performance, the

component groups may include four or more component types.



rrli ~Il~i~~ 24 29 The systemof any of clains 20 to 23 or 25 10 281 7}
wherei n each of the groups conprises at |east three types of conponents.
30. The system of any of clainms 20 to 23 or 25 to 28 wherein the placenent
machi ne conprises a turret-style nmachine. 3}. The system of any of clains
20 to 28 wherein the conponent table conprises conponents of each type
nmount ed on respective eels of tape. 32. The systemof any of clains 20 to
23 or 25 to 28 wherein the positioning table conprises an x-y table. .A3Y
JAY. A, LAl AU .A2 A a E . .AR@.AY .Ah .AF . A[y.AY Al .AL. AYE4. A3. A

e.Ay.ABRAh. Au .Aln . AA& "%&(1P>?45su~ Hortest
In addition, optimization algorithms other than the shorte
path algorithm may be used.

What is claimed is:
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urther comprises a third type of components that 1s to be closely situated to

at least one of the other two types of components at several locations on the

circuit board.

4. The method of claim 1 wherein the group comprises two
types of components that appear together in more of the areas than any

other two types of components.

5. The method of any of claims 1 to 4 wherein the selected

areas include overlapping areas.

6. The method of any of claims 1 to 4 wherein the each of the

areas comprises a block defined by a grid.
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@ 10%6%& ()-b)!'L&S  The method of claim 1 further comprising creating an
additional group for three further types of components to be placed in each of
multiple areas on the circuit board, and

for each additional group, developing a respective placement path
between component location points of each of the further types of components

of that additional group.

9. The method of claim 8 wherein the placement path for the
additional group begins where the placement path for the previous group

ends.

10. The method of claim 9 further comprising sequentially
placing components on the circuit board at said component location points

along the placement path.

11. A method of automatically controlling the placement of
components on a circuit board comprising
creating a group containing three types of components by
a) dividing the circuit board into several blocks defined by
a grid,
b) determining which types of components to be located on
the circuit board appear together within each of the blocks,
¢) selecting two types of components that appear together

1m more blocks than any other two types of components,
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10bb 10bb e) defining the group to contain components of the three
selected types,
calculating substantially the shortest path required to place all of
the components of the types contained in the group on the circuit board,
creating additional groups for every three types of components
remaining, and
for each additional group, calculating the shortest path required to

place all components of the type contained in the group on the circuit board,

wherein the path begins where a previous group's path ends.

12. A computer program comprising computer program means
adapted to perform the steps of any of claims 1, 2, 3, 4, 8,9, 10 or 11 when

said program is run on a computer.

13. A computer program comprising computer program means
adapted to perform the steps of any of claims 1 or 11 when said computer
program is run on a computer and said placement path is developed by
calculating substantially the shortest path required to place all components

of each type in the group on the circuit board

14. A computer program embodied on a computer readable
storage medium, for automatically controlling operation of a computer for the
placement of components on a circuit board, the computer program
comprising:

a routine for identifying component location points of components

of dufferent types on a circuit board;
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components to be placed in multiple regions on the circuit board, and
a routine for developing a placement path by which each type of
component within the group may be placed at the corresponding component

location points on the circuit board along the placement path.

15. An apparatus for controlling placement of components on a

printed circuit board comprising
B a component grouper that creates a group containing two or more

types of components to be placed at multiple selected component location
points on the circuit board, and

a path generator that develops a placement path between the
selected component location points by which components of each type within
the group may be placed on the circuit board at component location points
along the placement path;

and component placement means for placing components
sequentially on the circuit board at the required component location points

along the placement path.

. 16. The apparatus of claim 15 wherein the component grouper
creates an additional group for every three additional types of components to
be placed on the circuit board, and wherein the path generator develops a
further placement path between the component location points for
components of each type within the three additional types of comporicuis of

that additional group.

17. The apparatus of claim 16 wherein the path generator
defines the further placement path for each additional group to begin where

the placement path for a previous group ends.
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18.  The apparatus of claim 15 wherein the path generator
calculates substantially the shortest path required to place all components of
each type in the group sequentially on the circuit board at the required

component location points.

19.  An apparatus for automatically controlling the placement of
components on a circuit board comprising

a component grouper that divides the circuit board into several
blocks defined by a grid, determines which types of components to be located
on the circuit board appear together within each of the blocks, selects two
types of components that appear together in more blocks than any other two
types of components, selects a third type of components that appears with
one of the other two types of components in more blocks than any other two
types of components, creates a first component group containing. the three
selected types of components, and creates additional groups for every three
remaining types of components and

a path generator that calculates substantially the shortest path
required to place all of the components in the first group on the circuit board,
and for each additional group, calculates the shortest path required to place
all components in the group on the circuit board, beginning where the

placement path for a previous group ends.

20. A system for placing components on a circuit board
comprising

a placement machine configured to place the components according
to groups at multiple areas on the circuit board, each group containing at
least two types of components, and

a controller that governs the operation of the placement machine
such that components of each type in a given one of the groups are pl'acod

sequentially at preselected component location points on the circuit board,
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22. A system for placing components on a circuit board
comprising
a component table that holds the components to be placed on the
circult board,
a placement machine configured to pick the components from the
component table and place the components on the circuit board,
a positioning table configured to hold the circuit board and to
position the board for component placement, and
at least one controller that governs operation of the placement
machine and the positioning table, wherein
the components are stored in the component table in groups,
each group containing at least two types of components,
the placement machine is capable of picking any type of
component from a group 1n the component table without a
noticeable loss of speed, and
the controller operates the placement machine and the
positioning table such that all components of each type in one of
the groups are placed 1n a preselected sequence at predetermined
component location points on the board before any of the
components in another of the groups are placed on the circuit

board.
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group may be placed at any position along the path.

24. The system of claim 20 wherein the controller further
operates the placement machine and the positioning table such that the
components of each type in each of the groups are placed on the circuit board

according to a shortest path optimization.

25. The system of claim 24 wherein the types of components
contained in each of the groups are determined by the frequency with which
components of different types appear in close proximity to each other at

multiple areas on the circuit board.

26. The system of claim 25 wherein one of the groups contains
the two types of components that most frequently appear in close proximity

to each other at multiple areas on the circuit board.

27. . The system of claim 26 wherein the one of the groups also

comprises a third type of components.

28.  The system of claim 20 wherein the types of components
contained in each of the groups are determined by the frequency with which
components of different types appear together within predefined areas on the

circuit board.
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The system of any of claims 20 to 23 or 25 to 28 wherein the

placement machine comprises a turret-style machine.

31. The system of any of claims 20 to 28 wherein the component

table comprises components of each type mounted on respective eels of tape.

32. The system of any of claims 20 to 23 or 25 to 28 wherein the

positioning table comprises an x-y table.




