; pqr st uvwxyz{e3eD A H 6~ T B~~ Description OPTI M ZATI ON APPARATUS,
PLACEMENT APPARATUS, AND ELECTRONI C COMPONENT PLACEMENT SYSTEM 5 Techni cal
Field The present invention relates to a technique for placi EMMMHEM Im lim:
conponents on a circuit board. Background Art 10 Various app

met hods have been proposed for inproving placenent efficiency inuphacenent
appar atuses that place electronic conponents to circuit boards Japanese
Lai d- Open Patent Application No. 9-8l603, Japanese Laid- Cpenimmmwmwummmb
Application No. 10-209697, and Japanese Lai d-Open Patent 15

10-2096829) As high productivity in placenent apparatuses is increasingly
pursued, disparity between manuf acD@E€rd-btdali sappearing. |nstead,
productivity is greatly dependant on the degree to which waste can be

el i mi nat ed OPA LFARTOMN APPARA TEGUI PIAQEMENT IARPRRATUS, hidND iHLEORGN TN t O
di vi di ng conponents evenly between placenent apparatuses and reduci ng waste
bet ween pi eces of equi pmentcomMbeNENPOPLANERERT Optifiizati on software that
ensures high productivity without waste in each individual apparatus has
cone to be recognized, and there are dermands to 1 perform pl acenent of

el ectroni c conponents even nore effectively. Disclosure of the Invention 5
In ordes taJLsPU i dhese demands, the present invention has an object
of providi n‘g—cm—O'p't-rm-zalhon apparatus, a optim zation method, an

optim zation pr ogfr{ienga rec on which an optim zation programis

stored, a placeng 585?5?@“"%@1%’1 TQIEGGDRPR ESFIEHEHe 495cRbr§iRgst em
For plaCHK%lectronlc components on a circuit board.

Background Art

10 Various apparatuses and methods have been proposed for

improving placement efficiency in placement apparatuses that
place electronic compoﬁents to circuit boards. (Japanese
Laid?Open Patent Application No. 9-81603, Japanese Laid-Open
Patent ApplicationNo. 10-209697, and Japanese Laid-Open Patent
15 Application No. 10-2096829)

As high productivity in placement apparatuses is
increasingly pursued, disparity between manufacturers is
disappearing. Instead, productivity is greatly dependant on
the degree to which waste can be eliminated in operation of

20 equipment. Inlight of this, in addition to dividing components
evenly between placement apparatuses and reducing waste between
pieces of equipment, the importance of optimization software

that ensures high productivity without waste in each individual

apparatus has come to be recognized, and there are demands to



10 el ectronic conponents even nore effectively. In order to achieve the
stated object, the present invention is fan optim zation apparatus that
optim zes a placenent order in which electronic conponents are placed on a
circuit board by two or nore placenent apparatuses, wherein a first 15
assignnment off each type of electronic conponent to the placenent

appar atuses as been determ ned in advance, and a first placenent tine has
been cal cul ated i n advance for each placenent apparatus , each first

pl acenent tinme being a tine required for the placenent apparatus to pl ace
el ectroni cpeeFBRReNtS Assidied dher gl ac2PoAE0r ebpgohentRe fdust agsignment
on the circuit board, the optim zation apparatus including: an assignnent
unit operafl-e EQ'%%& ct two of the placenent apparatuses, select, for each
of the two Sl 6cte I'acenent appar atuses, one type of electronic conponent
t hat has been assigned to the placenent apparatus, 2 and determne a
second assi gnnent by swapping the two selected types of electronic
conmponents_between the two pl acenent apparatuses; a cal cul ation unit

oper abl e tBiggleghzecoff §hecJaNedftiie two pl acenent apparatuses, a second
pl acenent tinme 5 required for the placenent apparatus to place on the

ci rcui t5 boar d t hénelmset bnire spomdonmehhes a sisimgmes , t hize presactdrdierg: tan t he
second assi gnnment; and an assi gnnent adoption unit operable to adopt, by
referring hasthen f obijest phbacererntidinge and dhdtdnmsiecaridmp| appaeatuki ma  one
of the first assignnent. and the second 10 assignnent that has a smaller

pl acement bpHBmikHELBAMENIRG | dn BbEehikatachiR e &tateddqhherdaitie
pr esent 1 nvention IS an Optl m zat1 on appar atus i'n an electroni ¢ corrponent

pl acenent f - b i 1 r I hat
pl ace eIec?¥ﬁﬁﬁgﬁgﬁigEﬁ%ﬁ?ggggggq%gkﬁﬁ?gEft q;sgd%??EEB%B??E?§§%$€§?h§,
appar at us gﬁ%iﬁizin? a flacenent ordeq:in mhh@ﬂ t he q#ectr ni c gp onents
are placed e SFFEhF Y b5ar P RPIHE pPEEERRAY A us b8 afd 3T Ndi ng:
a first assignnent,unit ogerable to assign each type of electronic
conport@nt E6SBRECRECt REMBPREBAENEVEBpAPEEUSEL SCtAdRdly 20 determining a
first assignnment_for each type of electronic conponent; a first calculation
uni t operabl e t olRal&dieat Lo f 8ehdgy® prhreftatedpprivdls, bBhei Psessindcenent
time required for the placenment apparatus to place all electronic

conponent sirgsnyhen iskkerepoimtzat dongppe rafte sfiasdt opsth jnee Apd agremtend 3

order in which electronic components are placed on a circuit
board by two or more placement apparatuses, wherein a first
15 assignment of each type of electronic component to the placement
apparatuses has beendetermined in advance, anda first placement
time hasbeen calculated in advance for eachplacement apparatus,
each first placement time being a time required for the placement
apparatus to place electronic components assigned thereto
20 according to the first assignment on the circuit board, the
optimization apparatus including: an assignment unit operable
to select two of the placement apparatuses, select, for each
of the two selected placement apparatuses, one typeof electronic

component that has been assigned to the placement apparatus,



circuit board; a second assignnent unit operable to select two placenent
appar atuses fromthe placenent apparatuses, select, for each of the two

sel ect ed pl acenent apparatuses, one type of electronic conponent that has
been assigned to the placenent 5 apparatus, and deternm ne a second
assignnment by swapping the two selected types of electronic conponents
between the two pl acenent apparatuses; a second cal culation unit operable
to calculate, for each of the two placenent apparatuses, a second placenent
time required for the placenent apparatus to place 10 all electronic

component s 53as4 8081 HETLLR RGO LL Ngnhont N8 SRGYM RS EhEVTRI QR diey

circuit board; and an adoption determ nation unit "operable to determ ne

adopti on Oftﬁgages £ BEebLish 30U HUIEN, Ao LRGRRC AL A5 ORTRNerY |

enables a s acenen y conparlng a greates
15 tinme and a gégatest secgﬁd placenent time fromanong the first pI%fenent

times and FRBASBLBAGSHIACEHER A ABILE CREZAE & BP e UhAd Spl B Fértt

appar atuses sel ected for interchanging by the second assignnment unit. Here,
the first asitdendivfo upiacaagntnabpadsatugesonponeReond pbanemnendr agae
sub-unit operable to store, for each type of electric conponent, a
conponént regnirefi Ebecthenprtacem@pwnapmaditidetd yweca gl abemedtr ciine

cal cul ati on sub-unit operable to calculate ( i ) for one electrical

conponent bbaedacthé ¥l dixbiiid ceaphnenhaeecaeBt gapRatRéHSto adRfRIanteo
placenent time required 4 for the placement apparatus to place the

el ectrical +genRONGIH as8gnfibht ; fHd 88U 4 YPsinht %'d%%t&b?ﬁinf@%%&%‘%tleand

for each placenment apparatus, using the conponent count of the type, a

pl acement {:b IE.Pdor ufggei%fge?{] 1r{2€t8|t%cee Pét ?ﬁ(%wet%eb gmg getl'?e g%%:ond

el ectronic conp e on an aSS|gnnent
determ nation sub- t operable det g usin ment t|

cal cul at ocP 87 SHRRR bimBhe e aie a‘fﬁlpaﬁfat%m ?@?—nﬂaaﬁd ShE gecond”

el ectroni ¢ conmponent, an aSSI gnment. of el ectronic conponents of the type
to ond%f ?ﬁ%l%P%%%ﬁeEPaEOhéEpérﬁFﬁéé@r PéRECIeRE $dB6nd assi gnment unit
may assign a type of: electronic conponent, from anong the types of

el ectroni c: conpowehiermerat blamnﬂﬂlytb’eaghé@@é bye ssprirad eli&ctpl sbenent .

apparatus to the particul ar placenent apparatus, the assignnment.
present invention is an optimization apparatus in an electronic

component placement system further including two or more
placement apparatuses that place electronic components on a
15 circuitboard, theoptimizationapparatusoptimizingaplacement
order inwhich theelectroniccomponents areplacedonthecircuit
board by the placement apparatuses and including: a first
assignment unit operable to assign each type of electronic
component to one of the placement apparatuses, thereby
20 determining a first assignment for each type of electronic
component; a first calculation unit operable to calculate, for
each placement apparatus, a first placement time required for
the placement apparatus to place all electronic components

assigned thereto according to the first assignments on the



15 being performed with priority over other types of el ectronic conponents.
Here, the second assignnent unit nay assign a type of electronic conponent
that has, from anong the placenent tines cal culated for each placenent
apparatus and each type of 20 el ectronic conponent, a placenent tine

smal ler than a predeterm ned value, to a placenent apparatus that is
upstream nost anong pl acenent apparatuses having a placenent tinme snmaller
than a predeterm ned val ue, the assignnment being performed with priority
over other types of electronic conponents 5 and ot her pl acenent

appar at usesdirdeie, beactl; of sklkentii 48&igahent aii it opeirtbaedtd hee secboridvo
calculation unit may include : a conponent count storage sub-unit operable

to store, LonceachtelBshfQPiseSAMANREe bYREASEt HPWh P tisdde Jacanent
appar atuses, a conponent count that indicates how many el ectronic

conponent s t ype e L cui ; tinme
cal cul ati oﬁggu%ggﬁi %Po%fg%a%‘%cg %)ee(;l{%ﬁ%ﬁﬂpa%éﬁgggﬁ%t&%ﬁgm&a%?ﬁﬁ us, a
total place t time jndicating,a total tjme for .placjn |1 electronic 10
conponent s Og‘;% YR LC Fﬁg‘pﬂnﬁgén@ﬁ?‘g gﬁfah%ﬂs&‘,s %%Peéi 5ga@é‘?r€§ta (i"?“}?épc

cal cul ati on sub-unit operable to calculate, for each placenent apparatus
and each t 3pBR2EALEFecRPENPELeBRbBACH!SCEOR ATHENIY Y FWaRRLRG &d¥& oni ¢
conponents of the type assSigned to the placenent apparatus , by nultiplying
t he cal cul &vedsedesteds typasepénelecikyonyct konponponenbetyesn d¢the Heva ype
of electronic conponent, and then dividing by a conponent count of al

el ect roni cptappnaant sppasagnedst oa t dechd oeareni 1 atpipar atnis;, opearads e toe
first calculation unit and the second cal culation unit set the respective

cal cul at edcphageqeRrt toPR:d@Sokhend itvid pl@ceheeeBppathtBSeanth tdacsrrond
pl acenent tinmes, respectively. Here, each of the first calculation unit and

the secondﬁggl.:%h{[aﬁ&:i PRENELoiTBY el %A)i"d@h@ ;‘F'] ntO WP r Sl WY th1 dRCt
sub- e

calculatio units equal “In nunber to t pl acenent appar at uses, and a

A ST 2 T SR R RN R T
request geggégggionasssuibérlﬂrrﬁgrgt on the circuit board; and an adoption
determination unit operable to determine adoption of one of the
first assignment and the second assignment that enables a
shortest placement time, by comparing a greatest first placement
15 time and a greatest second placement time from among the first
placement times and the second placement times calculated for
the two placement apparatuses selected for interchanging by the

second assignment unit.
Here, the first assignment unit may include: a component
20 count storage sub-unit operable to store, for each type of
electric component, a component count of electronic components
of the type; a placement time calculation sub-unit operable to

calculate (i) for one electrical component of each type and for

each placement apparatus, a reference placement time required



outputs to each placenent apparatus, a type identifier identifying a type
of el ectronic conponent, and a conponent count 5 of electronic conponents
assigned to the placenent apparatus, each tact cal cul ation sub-unit

cal cul ates, based on the output type identifier and conponent count, a tine
required for the correspondi ng pl acenent apparatus to place the electronic
conponents on the circuit board, and outputs the cal cul ated 10 pl acenent
time, the placenent time reception sub-unit receives each placenent tine,
and the first calculation unit and the second cal culation unit set the
respectiverpecehd el faceieapphirARasaso hedd thé il e ] do@sndrer,e,

each of the first calculation unit and the second 15 cal culation unit may

include a pREURSH OYLRUL;8HDLYRE! (3Nd 18 RI-3EETERbnbLIR Nt GRRL it SRauni t,
and each placenent apparatus y include a tact calculation unit, wherein

t he reques ration - uni t st I n r s, .a type
identifierb%ggﬁﬁ?§§i%%pgfgggg’cﬁggﬁgg%F%ﬁgggﬁﬁgﬁgng%ﬁgﬁaégq%%gégb%%pgnent
count of el ectronic conponents assi ng%lto t he pl acenent alfaratu , each
Lact cal cUPEPERCHA| ELBAI TERALESS FO8cchoP ARERR D APRAAA IR PHAgE and
conponent count, a tinme required for the placenment apparatus to place the
el ectr &ni catdrpbrreiren ivh coneosiends ©f idi dyrenen Glepai sCihE keaxdl andd 7
pl acenent tinme, the placenent tinme reception sub-unit receives each

pl acenent annmessagdmehé fBetstrmdahbtibat sab-unit apdrtbéesdéoodeteaimdneat i on
unit set the respective received placenent tines as the first placenent
times. 5 Hesengedltd pifaddienft tshesatg&lbal 4 66d WUt canll dhetlgre@pdadement
calculation unit may include a request output sub-unit, conversion

sub-units, abpatatabed Rl S-S ¥hpdit 81eEBYEhSE ORPENTIONa S WRsYinkentand a
pl acement tine reception sub-unit, the conversion sub-units, the tact

cal cul at i oge supaUPLL; BNAA0oADEL L CYLT ShON AANVET YR SHIRMING: S RGERG equal
in nunber TO and correspondi ng respectivel o the pl acement “appar at uses,
mhereip t he request generation sub-unit outputs to each pl acenent
appar & us,a%P?gﬁ gentifier identifying a type of electronic conponent,
and a conponent count of electronic conponents 15 assigned to the pl acenent
appar at us, each B®h9er&hensafPrdcasateRMeRE BRtpula¥ypEsidenti Hvef id
conponent count to a format conpatible with the corresponding pl acement
appar at us, €baehrentt ceimp@ngmiton ELeNuFMONGal B atePesharEdedgcitrenic
converted type identifier and conponent count, a tinme required for the 20
cor r espondecomgpphanesenthappmmaond vt bepphgeethey &l pettdgivdar placement
apparatus to the particular placement apparatus, the assignment
15 being performed with priority over other types of electronic
components.

Here, the second assignment unit may assign a type of
electronic component that has, from among the placement times
calculated for each placement apparatus and each type of

20 electronic component, a placement time smaller than a
predetermined wvalue, to a placement apparatus that is
upstream-most among placement apparatuses having a placement

time smaller than a predetermined value, the assignment being

performedwithpriorityoverothertypesofelectroniccomponents



conponents on the circuit board, and outputs the cal cul ated pl acenent tine,
each reverse conversion sub-unit converts the output placenent tine to a
format conpatible with the optim zati on apparatus, the placenent tine
reception sub-unit 8 receives the converted placenent tinmes , and the
first calculation unit and the second cal culation unit set the respective
recei ved, converted placenent tinmes as the first placenent tinmes. Here, the
optim zati on apparatus nay be for changing 5 novenent speed infornmation
relating to the circuit board when the el ectronic conponents are pl aced

t hereon, apddmeyhbur pheeehBakudpparati@egnent speed storage unit operable
to store circuit board novenent speed information for each type of

el ectroni c conpopepl; SMcRSS FHEH r$HOEaFBuYALEoAPERER! £nd A YekorfOr 10

each type of electronic conponent, an assignnment of the type of electronic
¢ | _ . -

conponent EXE%@%Q% u%lgﬂgy%n%ﬁﬁ'ﬁﬁpta g@%ﬁg{g%ﬂﬁ%un@ %8!:5%&'5?1’%-;{1’?1'&

S
operable to S€ rom urality acenment appar at ases,

adj acent pl ace t apparatuses; an extraction unit operable to extract
Sl ovest MOVBREADLENEOG 03 & nf BF e PR RIS SPBREBEN oy A SR among

el ectroni c conponent types assigned to a placenent apparatus that is

| ocat ed® upseridigmplesenentt ARPERBLEERECt 2 FOPIPRRSRENEOHPEaFRR ddsticates
extraction unit operable to extract novenment speed information having a

f ast er noveowmaspededtram id eomponaited o§| Dhve Sty 0 amey éovebe sioesztl on
information from anong el ectronic conponent types assigned to a placenent

appar at us thatcisclhdeaiet-doensbiraantimstcafcilet iow s -antiad opleae@rent
apparatuses; and a replacenment unit operable to replace the extracted

novement spgegs il PiF@f il Waldh bhgcehewesippR¥erRs] $Peschl HiadEMen@n, in
t he novenent 9 speed information storage unit. Here, the optim zation

appar at us b r tjm Zi e r of\l nt , p{ acqERt-Srder
used in a g?é%eﬁé% ‘%ﬁ%é#glésq%ﬁﬂﬂ%ikﬁﬁg ?@%ﬁeﬁggﬁg?%éu%p*ig% at fggét one
el ectroni c_ 5 conpopent of at.|east one type. of electronic conpanent ves
Lo a SUot i GARBGEPET B 51 S G5] KO P LRERHCRERPRHE RS0 ANGHT THERE Brcks up
el ectroni c conponents fromthe feeder and glaces t he el ectroni.c conponents

on a circubt™BoSRdCULRE1GH: iFHY B b GBBARALEs tPurdhET Uy i nEPHI&ACR fir st

sel ection unit operable 10 to select one of the electronic conponents and

set the eletereReet capponehesadnd ¢aehttyrealh aliactdnpehanmpeRatd cd@ at i on
unit placement time forall electronic components of the type assigned
to the placement apparatus, by multiplying the calculated total
15 placement time by the component count of the type of electronic
component, and then dividing by a component count of all
electronic components assigned to the placement apparatus,
wherein the first calculation unit and the second calculation
unit set the respective calculated placement times as the first
20 placement times and the second placement times, respectively.
Here, each of the first calculation unit and the second
calculation unit may include a request output sub-unit, tact

calculation sub-units equal in number to the placement

apparatuses, and a placement time reception sub-unit, the tact



operable to select el ectronic conponents other than the first electronic
conponent one at a tine, set the selected el ectronic conponent as a second
el ectroni c conponent, and calculate (a) 15 a head novenent tinme required
for the placenment head of the placenent apparatus to nove relatively froma
position where the first electronic conponent is to be placed to a position
where the second el ectronic conponent is to be placed, (b) a feeder

novenent tine required for a feeder that supplies the 20 second el ectronic
conponent to nove to the placenent head suction position if the second

el ectroni cchscti®abeopl agedr-udnds ( CloBré Sbdidi APV er@sbedt MR ILqUHd edHor a
feeder that supplies the first electronic conponent to nove to the

pl acement E@%geiﬁéﬁ‘c' PO fdan, %Ie%lhf}ﬁaé%%%s‘%'f&ﬁ%?&tfoz?%%‘l Nt 1S

pl aced; an ectlon unit operable to sel ec ased on the head
novenent tj feeder and return nove glculated

Moy o ol BEEPrp e e e B ket SREPRELHL, o “Hls | dmeR i T ant

an el ectroni.c conponent from anong all the el ectronic 5 conponents, other
than the fF?@PtéEg&PE@nWP%B TONHEOTRORG e a&lde?c%mﬂ%&?méﬂoélrntt he
first electronic conponent. Here, the optimzation apparatus nmay be for
opti m A ngoarelkgEeronhe ccqzmmfeﬁﬂ asisdgasentootide rr isrmngnt appoacdvent
apparatus that places electronic conponents on a circuit board 10 by

r epeat edl yepehftwat g licadles iwmt sib atihielaclowim tes omaerends the oatpuaced
have been pl aced, each task being conposed of : a feeder that supplies at

| east one gy petidéentoipenesid dombor@astcaner | e e eleRfilin@d EozompRNENt
noving to a suction position of a placenment head that includes at | east one

nozzl e, a”@of?@s%én@iﬁ eHRRcARAE PLGK AP b IPale OPRe e ¢

conponent fromthe fee er and placing the at | east one picked up electronlc

comonent Qg 3, 6L4g !5nbeggdclgaslepgbgkaggkaa BRRBLALUS HIRL G

‘?:'1’.1

|nclude an I'nformati on s orage uni't “oper to store task ornatlon for
each ach taﬁ |nforga n |nclg |n ﬁé ? é 1ﬁ?acer@snt or.der_ of

el ect nlc %ﬁ%%ﬁ% t thE B i?m?% aE% RELPBsTHR OHELE TESEHVEF whi ch
i ndi cates where_a different one_of the electronlc,conpqnents is to be

pl aced, an¢hplpregmeaddeimeyodnditds fidditcar I Aylatposimispng thasereader

that supplies the electronic conponents; a first generation unit operable
to 11 calculation unit set the respective received placement times

as the first placement times.
Here, each of the first calculation unit and the second
15 calculation unit may include a request output sub-unit and a
placement time reception sub-unit, and each placement apparatus
may include a tact calculation unit, wherein the request
generation sub-unit outputs to each placement apparatus, a type
identifier identifying a type of electronic component, and a
20 component count of electronic components assigned to the
placement apparatus, each tact calculation unit calculates,
based on the output type identifier and component count, a time
required for the placement apparatus to place the electronic

components on the circuit board, and outputs the calculated



generate an X coordinate |ist by rearranging the task information for al
tasks so as to be in descending order of X coordinate of placenent position
of an el ectronic conponent last in the placenment order in each task
information; a second generation 5 unit operable to generate a Z coordinate
list by rearranging the task information so as to be in ascendi ng order of
a greatest feeder position in each task information; and an assignnment unit
operable to alternately select a task froma top of the X coordinate |ist
and a top of the Z coordinate list in the stated order, 10 and assign each
task a posiplliacement! bempl areNMBDacendar Aotordiced tionaguer delt ire s t he
tasks were selected. Here, the optim zation apparatus may be for optim zing

an el ectrophenGOMMANRIL + B A6 eaRAl K B8FsH3Rd cila? 1 BhaGEMERh g RRRA AL LSy T N
whi ch a feeder that supplies at |east one electronic 15 conponent of at

| east one Egﬂgu(ifat lo%chq'xg@i gegogl?gnleg; ggt\_[ véoréac i %c& gﬂ.apcg)e%éli’gntffesa

pl acenent head, and the placenen headpplc S up el'ectronic conponeﬁ?s from
t he feeder ang I%ces t he el ectroni.c conponents on a circuit board, the
opti ni zati 8 B%a at§s ﬁgﬁcFWFFﬁeFlﬁﬁ@rude : a plane generation unit
operabl e 20 to generate, for_each el ectronic _conponent type, an imagi hary
conponeht pl ane HBEE i ARFhdes Yhssiftireds ced cppehonl eeitome tdeprrand of

the type are to be placed, and arrange the generated conponent planes in a
predet er m pedcoldéiona wedt r amagenéncludet apeeabkett coueput amyd ttheit,
conponent planes; an optinmum path 12 generation unit operable to
gener at e, wbhhenseéaah upmonetd, ptase, &l Oidtnen pahb-thatsconeedrsd he
conponents on the component plane; and a 3D path generation unit operable

t o gener at goavéPspahhs ihain LOHNeeidSa tdle campneNhie PHERESE 1 BY st@Mgetd hg the
path 5 within each conponent plane with the paths within other conponent

planes. Hetge &Bﬁvéké%fx:étt?%glg{l%?ée , U?ié% @w%i&cﬂaﬁ o QRONAHT e & Y

st orage sub-unit opera each type o ectric conponent, a

conponent nt_of the type of .electric_10 conponent;.a placenent ti

cal burdl i of 8 e hrd 1 ePRRrE e BrcarR At 65 Y bt PATPRE FR 4 pect
to each type of elegtronic conponent and each placenent apparatus , a

ref erence pPaterBht %PHE:?gﬁﬁEkﬁy?%Y 9% pP&c AR par #PRPETRF YiSfe one
el ectronic conponent of the type on the circuit board, and ( ii ) with
respect 15VE@reaRKEKRIWTS e FIRL LN Sep IR HOUdRY teaemepraddaiament

appar at us,
apparatus, a type identifier identifying a type of electronic

component, and a component count of electronic components
15 assignedtotheplacementapparatus, eachconversionunitcoverts
the output type identifier and component count to a format
compatiblewiththe correspondingplacement apparatus, eachtact
calculation sub-unit calculates, based on the converted type
identifier and component count, a time required for the
20 corresponding placement apparatus to place the electronic
components on the circuit board, and outputs the calculated
placement time, each reverse conversion sub-unit converts the
output placement time to a format compatible with the

optimization apparatus, the placement time reception sub-unit



a reference placenent tine required for the placenent apparatus to perform
a task to place one of the type of electronic conponent on the circuit
board, the task being a series of operations from picking up the electronic
conponent through to placing the 20 el ectronic conponent, and (b) with
respect to each type of electronic conponent and each placenment apparatus
and with use of the conponent count, a placenent tinme required for the

pl acenent apparatus to place all electronic conponents of the type on the
circuit board; and an assignnent determ nation 13 sub-unit operable, for

each pl aceﬁ@eéiaee%@té&l@k@té&%ls@@ﬁew@@mefs,%In@cm@ﬂgs%m@ﬁqatt,ioho _
assign, with use of the cal cul ated placenent tines, the type of electronic

component 49, 086 (Hnd DECRLACETRIL ANAIALHSES . S PL o Lhe Likal 338] gnment

unit may inc component count ‘storageé sub-uni € to store, for
each type of electric.conponen a _conponent..count .of the type of electric
conponent;c%pﬁ?ﬁﬁgﬂeﬂ%aFgﬁﬁnga%Eﬂ?ﬁtFﬁnggﬁb%bﬁFg 8&8F§8F8tt%983§culate ( a
) one of (i ) with respect tqo each type of electronic 10 conmponent and
each pl acenent a%%ﬁ?atﬁg? LD 2EAdO N | SRRAFETUS iBAY rRYuiPEd ChERILRE

pl acenent apparatus to place one el ectronic conponent of the type on the
circui © bosevemant gp¢ed )infiammatdgyeselediogehot yipe wifrey it thaemid wbenmponent
and each pl acenent apparatus , a reference placenent tinme required for the

pl acement ez lsdatsrdibi ¢ cqrerd@Enhsa atrasklioefl dlcereme, aind et ¥petbkr
el ectroni ¢ conponent on the circuit board, the task being a series of

operati onsi d ¢ paael ekhddetint Rpctliest s LAGE uBSRRINEEbId kUt rd @ iRkagkng the
el ectroni c conponent, and (b) with respect to each type of electronic

conmponent %@r&axﬁ;@v&ﬁ%?ﬁp 4 e PRAF s AN Mt R +2Q O0h rach ok LARL

si mul at es operati ons cenment equl pnent based on~the conponent count of

each type onjc ¢ e ti requi.red.for the

pl acenent a%[béér)g%%é’t%gp?%:?egéﬁ%ﬁ%lsg%%ﬁﬁ Ezmlcq})tnﬁ %r?tbg%oftot %é:o%%e@ A the
circuit board; and an_assignment determn ngtion sub-unit gperable, for each
14 E)baceerPe SRt %tﬂif?fblrc eatiP ‘o e PESHHESHT Sr?pgh&nF}’PFo
assign, with use of the cal cul ated placenent tines, the type of electronic
conmponent ¥bedRELEPLLRCPRANGRINEYRPSRrAR®éShe placement apparatuses;

a selection unit operable to select, from the plurality of
placement apparatuses, two adjacent placement apparatuses; an
extraction unit operable to extract slowest movement speed
15 information having a slowest movement speed among electronic
component types assigned toaplacement apparatus that is located
upstream-most of the two selected placement apparatuses; an
extraction unit operable to extract movement speed information
having a faster movement speed than the extracted slowest
20 movement speed information fromamongelectronic component types
assignedtoaplacement apparatusthat islocateddownstream-most
of the two selected placement apparatuses; and a replacement
unitoperabletoreplace theextractedmovement speedinformation

with the slowest movement speed information, in the movement



Here, the optim zation apparatus may be for changing tact 5 information
relating to the circuit board when the el ectronic conponents are pl aced
thereon, and may further include: a tact storage unit operable to store
circuit board tact information for each type of electronic conponent; an
assignment storage unit operable to store, for each type of electronic
conponent, 10 an assignnent of the type of electronic conponent type to one
of the placenent apparatuses; a selection unit operable to select, fromthe
plurality of placenent apparatuses, two adjacent placenent apparatuses; an
extraction siidd dpdoablae itlon extidratfe slgwest tact information having a

sl owest tact anong el ectronic 15 conponent types assigned to a pl acenent
apparatus that igehacatgd YpELREAELHBA! aB%aEQ@uéWﬁa?%@cf@ ogit%ﬁ%r}; _
apparatuses; an extraction unit operable to extract” tact 1nf rnatlong%aV|ng
a faster tact than.the extracted . sl gwest tact infornmatjon from anon

el ectroni c%%o%%%gﬁpngfpggmgfﬁeé’hte(? agegeﬂ%aggrgfrﬁ ios plﬁéraatp Cteﬁrhet%ﬁ S

| ocat ed downstream npst of the two sel ected p| acenent apparatuses ; and a

r epl acemenfPRATE gt Bl P& %ﬁiiﬁﬁéﬁ‘taﬁes‘é&? 2% 8¢ 13RI PREGIRAGTARME th
the slowest tact information, in the tact information storage unit.

Fur t herhor €CMPREeHLe8ENRT| AGRAE BRS EYRM @f hkeWHI N 1G corpfiHemoves

pl acenent system conposed of at |east one placenent apparatus that places
el ectroni ctooapenehienopoaitioount boptakemewt utkad), dmd tie |pdasteremd

pl acement apparatus, and the optim zati on apparatus, wherein the at |east
one pl acenhabdSp appanal vl epitaees d Bempbaeht onf ok teOfieBls rt fnd R a@id=Ccui t
board in dccordance with an assignnent determn ned by the optim zation

appar at us. thdr& NeERs£; ¢ I RIRSRYE ohny @LN H 808 rBl 2CRIRP: idRRAAYS the
pl aces el ectroni c conponents on a circuit board, 10 wherein the placenent

appar at us ; .Cl rcul . ith an
Gt 1 e G O O K e AL
resent, i nyenti.on i i n_electroni.c conponent placene t em canposed
of at WCeast SO B =aafEm C18 SABFAFATS THURC I AR B T8I S FORCA SComsant s on
a circuit board, an information_generation apparatus for_ changi ng novenent
speed i nf of AEPPBANFA4itE fd- 450 EAECETPEGCt CHBRPASHheNn? tFel @ttt iFhivgit

conponents are placed thereon, and including : a novenent speed
operable to select electronic components other than the first

electronic component one at a time, set the selected electronic
component as a second electronic component, and calculate (a)
15 a head movement time required for the placement head of the
placement apparatus to move relatively from a position where
the first electronic component is to be placed to a position
where the second electronic component is to be placed, (b) a
feeder movement time required for a feeder that supplies the
20 second electronic component tomove to the placement head suction
position if the second electronic is to be placed, and (c) a
return movement time required for a feeder that supplies the
first electronic component tomove to the placement head suction

position after the second electronic component is placed; and

10



storage unit operable to store circuit board novenent speed 20 information
for each type of electronic conponent; an assignnent storage unit operable
to store, for each type of electronic conmponent, an assignnment of the type
of electronic conponent type to one of the placenent apparatuses; a
selection unit operable to select, fromthe plurality of placenent
appar at uses, 16 two adj acent placenent apparatuses; an extraction unit
operable to extract slowest novenent speed information having a sl owest
novenent speed anong el ectroni c conponent types assigned to a placenent
appar at us bhadéléstlogairtid upskapastistlettt heas®d dn sRkagdad mahageirant
appar atuses; an extraction unit operable to extract novenent speed

i nformati op;Ravi 1At EEndDy eMREE 258884 I MARot &k SX LR ALL 04 19 AWRSd

novenent speed information from anong el ectronic conponent types assigned

to a pl aceﬁggtaf‘Ppe?fl%é%'J?oﬁi‘é‘tcciz@dn%gﬁct&egtﬂ%‘é”‘ﬁhéﬁa@ﬁgﬁﬁs@ etlré%gzltr\g?}ioc

sel ected placenent appar at uses; repl acénment "unit” opera

repl ace the extrac]i:ed m)leggnt sgeed infoglnn#ﬁti on with the sl (1West novenent
speed i nf oPRBPPBAEY (£t AieS bt BRENCOEREAE Nt BrHalPEH XtloF BgE MO e,
the optim zation a&garatus is for changing tact 15 information relating to

the cirxui EOBBAPBRMEenCERRr dhddt EBRI il CHn P FEHO PdiCe CRNBRRENE helk v 1sand

further includes: a tact storage unit operable to store circuit board tact
i nf or mat i ohof be pashetlypexsf aékect tbai €irvetpenentroancassingementt .st or age
unit operable to store, for each type of electronic conponent, 20 an

assi gnment of thRetgpethé @beihiont o amonenius ey e dog obtimd zalmacenment
apparatuses; a selection unit operable to select, fromthe plurality of

pl acenent apparatdsesict wWempehaaenplRbameABRNbrapRadblUses; aap18xmG on
unit operable to extract slowest tact information having a slowest tact

among el echpgnteedd cneOEANRA oL YpesoAss 4 6p S BhAE N, APBALALS

that is |ocated upstreamnonst o e two selecte acenent appar atuses; an

extracty on_unit operahle to extrac inf.ormat j.on_having a faster tact
Chan- oite ot Hene ot Bt S e DB RR i F P S i X B BRe g s
conponent types assigned to_a placenent aggar atus that is |ocated
downst r eanFoRE B¥2G W5 PECEcPEACEacERERt CaphhratiE SOMPOFRA 2T 2

replacement unit operable to replace the extracted tact information with
the sl owesteede¥ thatoPHAPLEAS dthleAst NG SLRFEFARITURPRIIagE ainileast

one type of electronic component moving to a suction position
of a placement head that includes at least one nozzle, and the
15 placement head picking up at least one electronic component from
the feeder and placing the at least one picked up electronic
component on a circuit board, the optimization apparatus may
further include: an information storage unit operable to store
task information for each task, each task information including
20 (a) a placement order of electronic components in the task, (b)
placement positions, each of which indicates where a different
one of the electronic components is to be placed, and (¢) a feeder
position indicating a position of the feeder that supplies the

electronic components; a first generation unit operable to

11



10 Furthernore, the present invention is, in an electronic conponent

pl acenment system conposed of at |east one placenent apparatus that places
el ectroni c conponents on a circuit board, an information generation
apparatus for changing tact information relating to the circuit board when
the el ectronic 15 conponents are placed thereon, and includes : a tact
storage unit operable to store circuit board tact information for each type
of electronic conponent; an assignnent storage unit operable to store, for
each type of electronic conponent, an assignnment of the type of electronic

conponent H¥Re rh® e xodriig nRk2CeN®eN by 2Q ARRAHANGSESe +a kel B Rt 1 t
operable to select, fromthe plurality of placenent apparatuses, two

adj acent pk%%.eﬁﬁﬂt tggﬂgr%%§sco 22 ?ﬁt aag&eaegugl Lr8BET 8Pl e J8 SXI L ACL

sl owest tact infornmation having a slowest tac nong el ectroni ¢ conponent
types assigged to a Eacenegt ap gratus th@t is located 18 upst r eam nost
of the twoCsePsfERPIEaEBRE foﬁpg r AP USEECTERAR Rt IR B i3S bpEt abi® to
extract tact information having a faster tact than the extracted sl owest
tact infor RRBCEARSRORTFARBNE: S3&d LEFikc LESRPBAEAP Y yP eI HRRYE FRP Tt Fon

pl acenent 5 apparatus that is |ocated downstream nost of the two sel ected
pl acenent Hppararereble sadgenerptacantreoemdinaperikiste o neg ey ine.
extracted tact information with the slowest tact information, in the tact
i nf or mat i ohhettasige nfoirna tEontheasote bet be aEoeseling ovéatrichaigreatest
conput er -readabl e 10 recordi ng nmedi um storing thereon circuit board

novenment spegdeirfdd Meid0AnlRIA tAgKkti thAler R0 ; hMBeS Qbsehembhenifit
conponent, and storing thereon novenent speed information that has been

repl aced byoLRgyh Ao IPEL M GENIFL 81 bOR PR FEURa TR IAERIR R0t i £sent

i nvention an optimzation 15 apparatus for optimzing an electronic

component p| agenggl ,oLder sl 1 & Bl ACAIPN Appar ALy, I WILEh, 4, d eeder

t hat suppliés at Teas né- el'ectT oni C conponent  of "at Teast one type ‘of

el ectrgonic c onent noyes to a suctjon.positiqn of a placenent head, and
the plltenBRE FREEHRERE CAF BREAT orieh dohHBREHESERh 269 hé dedbiGnd
pl aces the el ectronic conponents on a circuit board, the optim zation
appar at us FAcRBdPREETa 1R FhichelFBEt Lo kENVETEpELABCESCo sel ect one of the
el ectroni c conponents and set the electronic conponent as a first

el ectroni ¢ conpoiiene; bheatrpuimiiahioni appperhbs aaw belfan astdainimic

conponent s ot her
an electronic component placement order used in a placement

apparatus in which a feeder that supplies at least one electronic
15 component of at least one type of electronic component move to
a suction position of a placement head, and the placement head
picks up electronic components from the feeder and places the
electronic components on a circuit board, the optimization
apparatus may further include: a plane generation unit operable
20 to generate, for each electronic component type, an imaginary
component plane that includes positions in which electronic
components of the type are tobe placed, and arrange the generated
component planes in a predetermined order; a rearrangement unit

operable to rearrange the component planes; an optimum path

12



19 than the first el ectronic conponent one at a tinme, set the selected

el ectroni c conponent as a second el ectronic conponent, and calculate ( a)
a head novenent tinme required for the placenent head of the placenent
apparatus to nove relatively froma position 5 where the first electronic
conponent is to be placed to a position where the second el ectronic
conponent is to be placed, (b) a feeder novenent tine required for a feeder
t hat supplies the second el ectronic conmponent to nove to the placenent head
suction position if the second electronic is to be placed, and (c) a 10
return novgeRatratibl uredbieh 0s t8 gbeedar et Ratt ISupph dReohbenbht$lane,

el ectroni c conponent to nove to the placenent head suction position after

the second,gl Sﬁﬂﬁﬂxgc%wfcoin%e@t%c%ﬁé ?rgxgpd@néﬁjﬁcéﬁ Oéhél_@oﬁnp%%gﬁm eto

sel ect, based on t ead novenent tines , er novenent tines and return
novenent tj calculated 15 for _all, el ectr.ani c _copponent her th t he
first ol ecProRre tisoron, taroerdee  Sf LASmsbs IR 5 dnbhethe i e

el ectroni ¢ copponents, other than the first electronic conponent, that is
to be pl acR@thextaarearechs Fhe SOMAREIORERREBNPINERPRCAELET e Pa&ect i on
unit includes an operation sub-unit 20 operable, for each electronic
conponént WihBinEFeR ¢PrRPIReRE PdpaetWidH Ehe BRBoAeHIthiHOERPE FoaPeNENal ue
that is atotal of ( a) twice the return time and ( b ) the feeder
novenent tpheneand adopt the greater of the cal cul ated head novenent tine
and the cal cul ated val ue; and an el ectroni c conponent sel ection sub-unit 20

operabl e to sel egéreasche fexkteaesiganent aonpomant i holheepl acetpahkar t he
first electronic conponent, an electronic conponent corresponding to a

smal | est vabigr agRBRYGagel slibe uhahuep AdeRied PYsddiee OPESAL EABNS¥hpRNLE for
the el ectronic conponénts other 5 than the first electronic conponent.

Here, the Qié‘§€£§PteC<?r§;E’8ﬁ&H‘S 4 Meliides A rc%hﬁﬁ:yogggi‘efcg%? rbe@%’le%[l]:?irche

sel ection UnI C one el ectTonic conponent he calcul ated
head nqovenent tines, feeder novenent tines,. return novenent ti ,_and a
ot ary Opl ACERRRAPSRBACR 10 FETHER ot DI T IGHE:A AT FATTPT (RS et
invention is_an_optimzation_ apparatus for optinizin% an electronic,
conponent %Z(Lﬁté}@ﬁg Grlgepe of (1) with respect to each type of electronic

component and each placement apparatus, a reference placement
time required for the placement apparatus toplace oneelectronic
component of the type on the circuit board, and (ii) with respect
15 toeachtypeofelectroniccomponent and eachplacement apparatus,
a reference placement time required for the placement apparatus
to perform a task to place one of the type of electronic component
on the circuit board, the task being a series of operations from
picking up the electronic component through to placing the
20 electronic component, and (b) with respect to each type of
electronic component and each placement apparatus and with use
of the component count, a placement time required for the
placement apparatus to place all electronic components of the

type on the circuit board; and an assignment determination

13



used in a placenent apparatus that places electronic conponents on a
circuit board by repeatedly performng tasks until all 15 electronic
conponents to be placed have been placed, each task being conposed of : a
feeder that supplies at |east one electric conponent of at |east one type
of electronic conponent noving to a suction position of a placenent head
that includes at | east one nozzle, and the placenent head picking up at

| east one 20 el ectronic conponent fromthe feeder and placing the at |east
one picked up electronic conponent on a circuit board, the optim zation
appar at us kngludingoparkBsk,i pber 8ath 0Pl SEtORSPE dBhdr OPes al® A Haeie task
information for each task, each task information including (a) a placenent
order of ek?ﬁ%_r Y¥ Ce PdctrSRTPORBALDnER !, he-d aé&i{;ﬁ) RIAGETRIL  BPSiteons,
each of which indicates where a different one of e el ectroni c conponents
is to be pl 1 .an e position indicati a .position of the
f eeder thafgggg% ?Sg ’%%écé g%%rggﬁésboﬁ%%nt eé;odfa i5% qsnlgcer?é’fngtolnc?ﬁl nit
operable to generate an X coordinate list by rearrangi ng the task

i nf or mat i oh°f 8P€aPF Fg§kgl§SeQ§nﬁoaBBaFﬁtH§§§ending order of X coordinate
of placenent position of an el ectronic conponent l[ast in the placenent
order in each taBRrenfidierdtlirst: aassgvBadt ginidr Aayohnohildeope capponeat
generate a 10 Z coordinate |list by rearranging the task information so as
to be in ascenti sgoorder sab -anjreaipestaflecdsy posre | ofiorneeabhtyask of
information; and an assignnment unit operable to alternately select a task
from a topedécthecXsnostenef e |ddsipctta coap tobft fige 4 g9/t Bakethiist in
the stated order, and assign each task 15 a position in the placenent order
accordi ng t8mBAnOAEET a | g Ak rdin £ el SIS MBIA: 1R8] efiedinielpertile to

optim zation apparatus further includes: a calculation unit operable to

cal cul ates i t.at\a t t. L ndj i .hat the
head nnvesc?%ég{%ﬁ?éngBB§Q%§g§§k%€€?g§%P% t Ebg%%%g%gﬁﬁq%fgg%%gggﬁéﬁed by
t he assignpent unit; a ta%ﬁbs lection unit_operable to select tw tasks; an
i nter angcémﬂ%??e%%ear%%le@ pi\?ﬁﬁ“‘?ﬁ@ ?V\Bagﬁg'éﬁt &Y rtefgelfse?/ﬁet RL8SERBher in
the placenent order; a calculation unit operable to calculate a second
total novehERe rEAFdREAtinE thadlaaement apparatus toplace oneelectronic

component of the type on the circuit board, and (ii) with respect
to eachtypeof electronic component and each placement apparatus,
a reference placement time required for the placement apparatus
15 to performa task to place one of the type of electronic component
on the circuit board, the task being a series of operations from
picking up the electronic component through to placing the
electronic component, and (b) with respect to each type of
electronic component and each placement apparatus and with use
20 of a tool that simulates operations of placement equipment based
on the component count of each type of electronic component,
a placement time required for the placement apparatus to place
all electronic components of the type on the circuit board; and

an assignment determination sub-unit operable, for each
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di stance that the head noves if all tasks are executed in the placenent
order in which the interchange unit has interchanged the two tasks; and an
adoption sub-unit operable to adopt a placenent order of all tasks that
corresponds to a smaller of 5 the first total novenent anount and the
second total novenent anmount. Furthernore, the present invention is an
optim zation apparatus for optim zing an el ectroni c conponent placenent
order used in a placenent apparatus in which a feeder that supplies 10 at

| east one el ectroni c conponent of at |east one type of electronic conponent
nove to a sleceornposppavatos andlfacesmert tygedp fanik ¢ tisopl @cempandraad

pi cks up el ectronic conponents fromthe feeder and places the el ectronic
conponent s tdnads L cuiittheaed £ the ORIl Zeéd Y1 Apam! YsmeB ¢! tigh Rg; pl ane
generation 15 unit operable to generate, for each el ectronic conponent
type, an iprg} TRO iel 11 QNS i
eIectronicggoﬁg%%gﬁggggf8§ﬂéoﬁéggegégi%%cﬁg1%?§§ggeﬁg%?Q3§P§%§§Q#%%S'
generated conpongnt pl.anes_in_a_predeterm ned order.; rearrangenent unit
operable to rear rﬁg%ﬁé @Eee"%%%ﬁgﬁﬁc’%aé’&easr;a gﬁyokfﬁ %%rﬁ Hih n%@rc&[i on
unit o rablg to %enerati, w thin each, conponent alane, an opti num path
that cohnetPSOFRBLLBRPEABAELNI R S GApoHeE Rt PCRRARa eI e ShegaTRRic
generation unit operable to generate a 3D path that connects the conponent
pl anes , b§OBBARBBEFMTS ffélw%t%ﬁFﬁPﬁ/e@a@EWTﬁéﬁéﬁ?rpi@%u@@t I tthe'tpat hs
23 within other conponent planes. Here, the rearrangenent unit includes
an extract barsgb-unit aperable ttrosertreacirchint ewtd demponefbrphdaien an
exit electronic conponent, the exit electronic conponent being an 5

el ectroni cfepnpackntyperoihd dc it iy acsiiiedtead maseighinehitng tbir-aget he
exit conmponent on an original conponent plane that is the conponent pl ane,

to an el ecih ORI HOHUPONGRY s0Bra, Net GRIPEPBRIoPlARGHRAL d 8oRBBHREE,
conponent plane, is within a feeder novenent tine; a cal culation sub-unit

oper alloe 19, 10 AL GHL AL & ¢ fﬁ{(ﬁ 32?’% Q%,L%ité‘?tra@?i@%@rﬁ%?rg%@@et d (2agh next

conponent plane, an exrt can 'S at nunmber of éexit
o eet o ob BN g S SRLEULBLE: o o0 SR SL okt comon i B ane, o
2 sel ect i op, sHbAHIl L oRer ARl 1P 19.38heRt ADSLLANY, compengnt RLage
placement apparatuses; an extraction unit operable to extract
slowest tact information having a slowest tact among electronic
15 component types assignedtoaplacement apparatus that is located
upstream-most of the two selected placement apparatuses; an
extraction unit operable to extract tact information having a
faster tact than the extracted slowest tact information from
among electronic component types assigned to a placement
20 appafatus that is located downstream-most of the two selected
placement apparatuses; andareplacement unitoperabletoreplace
theextractedtact informationwiththeslowesttactinformation,

in the tact information storage unit.

Furthermore, the present invention is an electronic
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candi date total and set the selected original conponent plane as a first
conponent pl ane, and sel ect a next conponent plane that has a greatest exit
candi date count with respect to selected the first conponent plane, and set
t he sel ected next conponent 20 plane as a second conmponent plane; and a
conponent pl ane interchange sub-unit operable to interchange the first
conponent pl ane and the second conponent plane in a conponent plane order
Here, the extraction unit sets a square-shaped area, each side of the
squar e- shaped area being a |l ength corresponding to 24 a novenent tinme of
a feeder, andpaneentpilaoctmehe sysiace-chapetedicfaahel agsta osigliarender € an
exit electronic conponent is to be placed, and, if an el ectronic conponent

on the nextpeparaenentnt Nackal éBedt+6h i tdithpaRilent@GUsh & &f fauikUstgess t hat
the placenent 5 head novenent tine is |l ess than the feeder novenent tine.

Bri ef Descaile&iua&n f. t Dé@"“l’é%%ﬂ: '1%’:1%'1 él%féml%h@‘:kaeg?daaxge[@f% Shg‘Pﬁd”Qtﬁé‘e

structure of ‘an assenbl'y system I's a perspective draw ng

showing the nmain ¢ osi_tional_ el enents of hi gh- spee | acenent nmachi ne
T2 Fro  SRERTIZSSaPE aRPATS tHFL S HEn Tt LBASGnBRES i Gemet

mul tifunction placenment nmachi ne 125, and shows el ectroni c conponents being
pl aced;® 152pParatys pLaceHEne Rt F Vet WP OFr LTSt Prdile EohpBhEMP T a
mul ti function placenment nmachi ne 125, and shows el ectroni c conponents bei ng
absorbed; Er@cepidarcdmitk ah agsdmnsieat dgteneined kot the apftigization
optim zation apparatus 200; 20 FIG. 5 shows an exanple of the data
structure spparetmponent table; FIG 6 shows an exanple of the data
structure of a tact cal culation correspondence table; FIG. 7 shows an

exanpl e of the detiatikiwetdl e ©he a gla@®Ntin¥ont iappai gt Us IRG-dnadie;
FIG 8 shows an exanple of the data structure of a tact table; FIG, 9

shows an exapRi-8tAE fhd 3l deAblecbe MRl eNcEnPbRESP® N a circuit board,

10 wherein the placement apparatus places the components on the
circuit board-in accordance with an assignment determined by
the optimization apparatus.

Furthermore, the present invention is, in an electronic
component placement system composed of at least one placement

15 apparatus that places electronic components on a circuit board,
an information generation apparatus for changing movement speed
information relating to the circuit board when the electronic
components are placed thereon, and including: a movement speed
storage unit operable to store circuit board movement speed

20 information for each type of electronic component; an assignment
storage unit operable to store, for each type of electronic
component, an assignment of the type of electronic component
type to one of the placement apparatuses; a selection unit

operable toselect, fromthe plurality of placement apparatuses,
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5 tinme has been witten by an optim zation unit 203; FIG. 10 shows an
exanpl e of the data structure of a conponent placenent table; FIG. 11
shows an exanpl e of the conponent placenent table to which a group of a
conponent nane and a placenent tinme has 10 been witten; FIG. 12 shows an
exanpl e of the conponent placenent table to which a next group of a
conponent nane and a placenent tinme has been witten; FIG. 13 shows an
exanpl e of the conponent placenent table 15 when division of conponents by
the optim zation unit 203 has ended; FIG 14 shows an exanple of the tact
t abl e obt atwecdadeadt plabérentlagylaatators e ; ogre exitmrg diy onhen D biokiraatiicon
unit 203 ; FIG 15 is a flowhart showi ng an outline of operations 20

perforned by d:heroft isliciRlsitono apRan atdise kDA n folfaa t16n Badihhavehakisthow ng
operations for provisional calculation of the tact table; FIG 17 is a

flowchart Showhog: 0RSE é‘&'a‘?{b?ng% %ﬁe@t@o@ﬂngcBﬁBBﬁ@ﬁ'ﬂt@ tab?séziggﬁe&-%d 3

flowchart show ng operations cal cul ating the tac G 19 is a
fl owchart ppera P Proces |n 5 FI ﬁg bIock
diagrantsh%ggﬁgﬂgﬂe s?? r%ure %%aaxﬁ%sse qt‘f t 25 8 hodi 5t i78R of
the first enbodlqg FIG. 21 shows an exanp Ie of the dat a structure of a
conponent FRHECHE tpquﬁ%‘efétzagﬁéﬁét&ﬁeéxa%%leé%tacttﬁémdatléts‘tﬂ%ﬁﬁrt}ree 8f the
10 conponent placenent table; FIG 23 shows an exanple of the conponent
nane |ist $RLIACEROVRBERY Speasd nEerhetion Bprasee RS termopenent apesd uni t
203; FIG 24 is a flowhart show ng operations by the 15 optim zation
appar at us 208n tEe@x 2% atedatopeailnarantnigs shediing drima tiasi franahong
rel ati onship between a conponent feeder 301, a rotary head 302, and a
circuit boalec8638) ¢ ncdmgoine gh-Spses 48 Aiaprenttoracbilaeehdht apparatus
that is located downstream-most of the two selected placement
10 apparatuses; and a replacement unit operable to replace the
extracted movement speed information with the slowest movement
speed information, in the movement speed information storage
unit.
Here, the optimization apparatus is for changing tact
15 information relating to the circuit board when the electronic
components are placed thereon, and further includes: a tact
storage'unit operable to store circuit board tact information
for each type of electronic component; an assignment storage
unit operable to store, for each type of electronic component,
20 an assignment of the type of electronic component type to one
of theplacement apparatuses; a selection unit operable to select,
from the plurality of placement apparatuses, two adjacent

placement apparatuses; an extraction unit operable to extract

slowest tact information having a slowest tact among electronic
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20 FIG . 26 shows an exanple of the data structure of a novenent tact
table; FIG 27 is a flowhart showi ng operations of the optim zation
apparatus 200, and continues in FIG 28; FIG 28 is a flowhart show ng
operations of the 27 optim zati on apparatus 200, and continues from FI G
27, FIG 29 is a view of the rotary head of the high-speed pl acenent

machi ne 124 from bel ow, and shows the rotary head at a tine t4; 5 FIG 30
is a view of the rotary head of the high-speed placenment machine 124 from
bel ow, and shows the rotary head at a tine t8;, FIG. 31 is a tine chart

showi ng nowenpBhedt the sCOMPOReAd tbeesiEicéfeh PEpBadhitasti: iandchhagchange
in the picked up 10 conponents and the placed conponents; FIG. 32 is an

outline shopsgehRend@s! bkoRgk £6LALL2BSIER Bl abRCARTRORERGAURR!Y Jhray. Of

the nultifunctional placenment nachine, the placenent é circuit

board; FIG | n, ex | e _show, . ng e _data siructure of the 15
conponent ﬁ%ﬁggﬁg ?Lﬁlg%f%hoemgoae%fb‘gﬁgg €?%€v ot %rnéaﬁjﬁﬁ thaﬁ&é’rgdaﬂl in
FIG 34; FLG 35 js an exanple showi ng the data structure of the Z axis
[ist; 20 FIEStaD SPOhCEEAR oM ARRe RISt WRch RO B8 ERe At Ofars
information has been rearranged; FIG. 37 is an exanple show ng the data
struct @r e ®RORTIt &leqtirenicr| mpIgent MP@)‘éanfgﬁi%i%XF&/i %§ thepdacamenituct ure
of af final 28 pl acenent point list; FIG. 3 9 is an exanple show ng the
dat a strucapparatus thed msnlécatedddoabetiesn-mébG oACthes tavw srdppted

showi ng the data structure of a task 5 pair list; FIG 41 is an exanple

showi ng t hel deémest apphtheuetsa placeaphicendst uhiiticpdddbledo kFepaapkanar
vi ew showi ng the positional relationship between a circuit board 45l and a

head 441; 4R EkGrafddclitadtf10MCha ¢i SPOM R nak 10K ddthea of 1apsLALLESRS by the
~optimzation unit 203; FIG 44 is a flowhart show ng operations for path

det erm natirgnth&cggg{ ng £ 9-h &L HLR Qgéi,g%éa&jlgg,. and continues in FIG 45;

10 Furthermore, the present invention is, in an electronic
component placement system composed of at least one placement
apparatus that places electronic components on a circuit board,
an information generation apparatus for changing tact
information relating to the circuit board when the electronic

15 components are placed thereon, and includes: a tact storage unit
operable to store circuit board tact information for each type
of electronic component; an assignment storage unit operable
to store, for each type of electronic component, an assignment
of the type of electronic component type to one of the placement

20 apparatuses; a selection unit operable to select, from the
plurality of placement apparatuses, two adjacent placement
apparatuses; an extractionunit operable toextract slowest tact
information having a slowest tact among electronic component

types assigned to a placement apparatus that is located
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15 FIG 45 is a flowhart show ng operations for path determ nation
according to return optim zation, and continues in FIG 46; FIG 46 is a

fl omchart showi ng operations for path determ nation according to return
optim zation, and continues 20 in FIG 47; FIG 47 is a flowhart show ng
operations for path determ nation according to return optim zation, and
continues in FIG 48; FIG 48 is a flowhart show ng operations for path 29
determ nation according to return optim zation, and continues fromFI G 47;
FIG. 4 9 shows an exanple of the paths of tasks according to a

convent i onabpstreedani-gidest FlitGe 3o e AR E@ Yt i drai @ or Yapf
tasks according to the fourth enbodinment; FIG. 51 shows a plurality of

i magi nary eqwRarenbnPLialeSope FAR e % %&Q‘Q‘%&O%Hc}toﬂﬁféaf'm L6h gleshLapic

conponents are placed on an original conponent plane, and square areas; 10

FIG 53 sh f e u I f_,a pla list:, FIG . 54
Shows an_ ORATSEE of crharag: sher rhorar Eobrs b Esf e fb iR et Fea s
is a flowhart showi ng an, outline of overall 15 gperations by the

opt i ni zat i BRORFpaT ST USTIBS EPBPOBENEs WRGHWERSH n?ﬁoﬁ%gao@%ﬁ% f or
rearraﬁging conponent planes; and FIG 57 is a flowhart show ng operations
for gener aBPRETraptEntiinpat fsladntashponast rgeamawst2ofpeke Mrisslectad ryi ng
Qut the Invention The foll ow ng descri bes enbodi nents of the present

i nventi on pilahensstefpraia tdrses ;ngsd a T epliacsmelthodi reper 86le tdhedladdeow ng
describes an assenbly system 1l as a first enbodi nent of the present

i nventi on. thé ektStaateidit £coin A6 sRabl yn s shaiAdls Thee &6 saaBliv fopHiaaMdn, as
shown in FIG 1, is conposed 5 of an optim zation apparatus 200, a

productionihi fRelAbci3inrarhgeden 428rageCii@am sol der printer 121, a cream
sol der print inspection machine 122, a hi gh-speed adhesive application

machine 123, a hipghefReRArR! AGRIBALIRC LN 3 4n 1L YWolipiGer®eadable

10 recording medium storing thereon circuit board movement speed
informationrelatingtodifferenttypesofelectroniccomponent,
and storing thereon movement speed information that has been
replaced by the information generation apparatus.

Furthermore, the present invention is an optimization

15 apparatusforoptimizinganelectronic component placement order
used in a placement apparatus in which a feeder that supplies
at least one electronic component of at least one type of
electronic component moves to a suction position of a placement
head, and the placement head picks up electronic components from

20 the feeder and places the electronic components on a circuit
board, the optimization apparatus including: a first selection
unit operable to select one of the electronic components and
set the electronic component as a first electronic component;

acalculationunitoperabletoselectelectroniccomponentsother
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pl acenent machines |25 and 126, a nounted conponent inspection 10 machi ne
127, a reflow apparatus 128, a visual inspection machine |29, and a storage
apparatus 130 . Note that the assenbly system1 is not limted to having
this structure, and may have a structure that does not include all the
stated production apparatuses. For exanple, the assenbly system 1 may be
without all the stated 15 i nspection machines, and nay have a plurality of
hi gh- speed pl acenment machi nes. Furthernore, the production apparatuses may
be arranged in series in one line as stated, or to conpose a plurality of
lines in pahallte finsaddietic@dn itchenpathict o080 a appaimt USEs takesdictddn t ed
to being arranged in the stated order . 20 The opti m zati on apparatus 200,

the feeder 120+ rhe LI@MPoHAHeraPri ntebokdle1bherohedMestidslant | Nin

i nspection machi ne 122, the hi gh-speed adhesive application nmachine 123,

t he hi gh-s lLacenent chi | [ pl.acenent

machi ned 250 SR LB | RortC o APSCREnt aiehr s 6ot B RfnEas cpent
conponent inspectjon chine 127, the refl ow apparatus 128, the visual

i nspect i onhﬁﬁgfﬁﬁé&lf ?CEWSHFﬁé’pﬁr&Qa"g%g%Bﬁgﬁéf tfé’(?sjé’r TUBARIIEd A a the
production [ine LAN 131. Note that the neans of connection is not limted
to bei my aVPAKS i LEXaRSILECITOHE GRBRRET bA SRR Rilased g oss iddmect ed
by RS232C. Alternatively, data nay be stored on a floppy disk, and the

fl oppy di skhasedthe seansfleelehtrdaia compendnbfisavd rop thiaqerddud) an
apparatuses connected by a network. The feeder 120, the cream sol der
printer 12feetibe moeamet@ sbhdereguintdi Aspesticrdsmatiiate Swpphlide the

hi gh- speed adhesi ve application machine 123, the hi gh-speed pl acenent

machi ne 124ecbha dMddirdmict e OhaseHorREhhe tidkyeddit: ABLEISUHGIHON
pl acenent machi ne 126, the nounted conponent inspection machine 127, the

refl ow app 3 2 i i i i e t t or age
appar at us %%g£§§8$a§faﬁgédg?ﬁg?%eégfgﬁg%hggdggqg?gﬁ%%g'tradé?ggilgﬁe%'Each
appar atus j.ect Lreu [ respectjve .predeterm.ned

o ooedd anitteEfiiobdRefi St LORLERER Fot THERALE R B R e
perfornms the next procedure. In this mag, 20 the circuit board is produced
by being sttteESFIT PHSCEBRANEH A ROEH & B e & LATTe il ¢d FASEEP r om
an upstream procedure through to a downstream procedure. Here, upstream
procedur e Pef&F50R AR it 86608 GaelERErPEdGeFOnRONEAE bF RlFCadansfer

a selection unit operable to select, based on the head movement
times, feedermovement times and returnmovement times calculated
15 for all electronic components other than the first electronic
component, an electronic component fromamong all theelectronic
components, other than the first electronic component, that is

to be placed next after the first electronic component.
Here, the selection unit includes an operation sub-unit
20 operable, for each electronic component other than the first
electronic component, to calculate a value that is a total of
(a) twice the return time and (b) the feeder movement time, and
adopt the greater of the calculated head movement time and the

calculatedvalue; andanelectronic component selection sub-unit

20



| ine, and down stream procedure refers to procedure at the storage 32

unit 130 end of the transfer line. 1.2 Production apparatuses Initially,
the feeder 120 keeps a stock of a plurality of circuit boards on which

el ectroni c conponents have not yet 5 been nounted. Note however that it is
possi bl e for some conponents to have been nounted on these circuit boards
by other lines. Note also that these circuit boards nmay include

doubl e-sided circuit boards on which el ectronic conponents are placed on
both sides . The feeder 120 feeds one circuit board 10 at a tinme to the
cream sol depepablteto k2ll.ecHheagrearxios et poh it efonlh dretC ebvies plreed r cui t
board at a tine fromthe feeder 120, prints cream sol der on the received

circuit bogiderapge feeds: e Girdllid cBRBbHeAR, Wi chy ddverod £ SAehthas
been printed to the cream sol der print 1nspection 15 nmachine 122. The cream

sol der pri ' L hi r [ oyt t i me
fromthe crgég%gggﬁgéraggr?%%eI'SR%%%,‘%%itn‘Z%g%¥§a§r{%%egfﬁ%t gH%fv%hﬁgé%raggﬁ%gg der
printed on_the received circyit hqgard d feeds the inspected circuit
Doar - to t HE 5B Aokt Ui o CpE et h ST (ROTERRS i g speed
adhesi ve application machine 123 receives one circuit board at a tine from
t he cré%nl§gﬁHthErﬁhFS?n§é8€FF@ﬁlﬁa€ﬁmﬁ@nf2§; appl i es adhesive for placing
el ectrical conponents and the like to the received circuit board, and feeds
the circuit 33 Hévardhenphhtehehharpdinadincel hatudesr nppiiredlacement

hi gh- speed pl acenent machi ne 124. The hi gh-speed pl acenent nmachi ne 124

recei ves oheadi rand ttHoaed catt it un tf sebethe diglelspeacbmidhesmpenent
application nmachine 5 123, places electrical conponents on the received

circuit boggdeat ohi ghe SREESH 1 208k freads ddiRntd dtC Witmdpard Qi ihbeRrche

el ectrical conponents have been placed to the multifunction placenent

machi ne 1254 nELG 23000 iR Ny SAIROSELIONAI xS £EPNLSa8nkhe Mo

hi gh- speed pl acenent machine 124. Each of suction nozzles 243d prOV|ged on
respeg&jvehggkgggkgkggnogigeplacenent head 243c pi cks

Furthermore, the present invention is an optimization
apparatus foroptimizinganelectronic component placement order
used in a placement apparatus that places electronic components
on a circuit board by repeatedly performing tasks until all

15 electronic components to be placed have been placed, each task
being composed of: a feeder that supplies at least one electric
component of at least one type of electronic component moving
to a suction position of a placement head that includes at least
one nozzle, and the placement head picking up at least one

20 electronic component from the feeder and placing the at least
one picked up electronic component on a circuit board, the
optimization apparatus including: a task information storage
unit operable to store task information for each task, each task

information including (a) a placement order of electronic
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up a conponent froma conponent feeder unit 243f and perfornms conponent
recogni tion. The placenent head 243c rotates to a predeterm ned position,
and the suction nozzles 243d place the 15 conmponents on respective
predeterm ned positions on a circuit board 243e. The hi gh-speed pl acenent
machi ne 124 and the nultifunction placenment nmachine 125 are different types
of placenent nmachi nes that place electronic conponents to a circuit board.
The 20 hi gh-speed pl acenent nmachine 124 is for the purpose of placing a
smal | nunber of types of electronic conponents on a circuit board at high
speed, and doh@omehttisl UACIHOR aRkACERRE1 @Gl e Jo2B HiS Ol eRLACH PG A diar ge
nunber of types of electronic conponents having different shapes on a
circuit bo ; hi gh-.speegd. chi-ne and the
nultifunct?%%lgggggng%?rﬁagh?ﬁgéﬁiﬁgﬁgéggggéggg%gﬂfﬁ%c ﬁg%’§PHQQQﬁqﬁf

el ectronic,co nenis on a circuit _board. The multifyncti.on pl acenent

machi ne 12%sr€¥g)|ev% a%‘ﬁ@’ @rlé FEEiat fﬁﬁa?ﬁ BRS LEQGR DALGRAIRG §iPGS IRy

pl acement machi ne. 124, pl aces conponents on the received circuit board, and
feeds the Ofrthf fassat thatvhiepl e e cleshrondenpenrarsnhave Fdastpl aced
to the multifunction placenent machine 126. FIGs . 3A and 3B show the main
conposit i odgnespEient Bndt aperakleuteidemerdion g at ermmdimedts e st2By Four
suction nozzles 262 to 265 are provided on a | ower side of a placenent head
261. The swmebrpanptzngl the 262sk ol arms telof cxoapaneakksf senag twmeonent
feeder unit 266, and in the case of ordinary conponents, perforns conponent

recogni ti ogesBepaNHyNEr@8r CHECK ddd@findherdr 18 cknGAS§odit iMH ©F an
conponent recognition is not performed when the conponent is conponent such

as a connegi @kt rHBXE, cdhSoRLAC eﬂfé% &gle{a_gezg%a g??ﬁgﬁtt ﬁr&eprlerg el gim.neq

position, and the suction nozzles 2 ace the conponents 1n

tive; j it th ' it board 267. 20 Th
i 11 unct FECRraceTan  eerrit Wt 15 WL e RS opdinzAiton
pl ace ction machi ne 127

Fecor 006 oRGTIREA ddrd BY BF41TEnY P thee oM £RGAERRBACPI 5 e
machi ne |26, inspects for defects or m salignnment of the electronic 35
be in ascending order of a greatest feeder position in each task
information; and an assignment unit operable to alternately
select a task from a top of the X coordinate list and a top of
the Z coordinate list in the stated order, and assign each task
15 a position in the placement order according to an order in which
the tasks were selected.

Here, the optimization apparatus further includes: a
calculation unit operable to calculates a first total movement
amount that indicates a distance that the head moves if all tasks

20 are executed in the placement order assigned by the assignment
unit; a task selection unit operable to select two tasks; an
interchange unit operable to swap the two selected tasks with

each other in the placement order; a calculation unit operable

to calculate a second total movement amount that indicates a
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conmponents on the received circuit board, and feeds the inspected circuit
board to the refl ow apparatus 128. The refl ow apparatus 128 recei ves one
circuit board at a tine fromthe nounted conponent inspection nmachine 127,
melts 5 the cream solder on the received circuit board, and feeds the
circuit board on which the cream sol der has been nelted to the visual

i nspection machine 129. The visual inspection nachine 129 receives one
circuit board at a tine fromthe refl ow apparatus 128, visually inspects 10
the state of the soldering and the state of the conponents, and feeds the

i nspected distdhtebodad tihetheadhvage igpparataskd Hre ekt Bl age the
apparatus 130 receives one circuit board at a tine at the end of the

process frgm tBRekiSyphet qsp@ﬁ&icﬁrw@qfait@%_c%%%gea@ﬁiétrparsesin%%%'ahr% lgved
circuit board. 15 Note that the transter |line rmay have two transfer rails

(called a I n nd r_f .clLreuit r e.sinul taneously
provi ded, ?#%ngkgr?é&Fgan8E§?8§egg§§E6§ne§8h B?ggugﬁsggxégpggagﬁf 3 fr om

t he upstrea rocedure_thro to the downstream procedure. Furthernore,

L Chough ¢ RLREBBSE CoBE AEerE Aot 0ScE RBEeC BRES EPPRaS s g thAaciaTy oF
received at_a tine, two circuit boards may instead be transferred at a
tinme. P 3 BReutiifle Htahavsmant; alPyAtaphar Bhe Symdrie tagt meveaendn
apparatus 200, as shown in FIG 4, is conposed of a display unit 201, an

i nput uni tar@@ntan optim zation 36 unit 203, a transm ssion/reception
unit 204, an information storage unit 205, conversion units 206 to 208, and

tact cal cul ati onFunther@fPet otRd lprSpentfiaabhyiohhesophi Bbzanieatappar at us
200 is a conputer 5 systemthat includes a mcroprocessor that stores a

conput er pi9g4 At ud #R Xl 11 iZAld Liin BRBBERLHS c2UhRANURVSFabdRe d HBGHEONS DY
the m croprocessor operating according to the conputer program (1)

| nf ti i i,af i i a
component TS5 cLR S pitidenelit pRpiiaclll PRIPALON SRS Wil SHBRIIRSS
acenent_tabpl e,

Zacg%gﬁetnﬁfa%gglg%%\s?%st ge\il;ecfttﬁrl%%ﬂel’é aggmg%,gg%ogg ﬂté‘ﬁf Iltea q:‘g e 2"8BtaCfabl e
electronic component move to a suction position of a placement
head, and the placement head picks up electronic components from
the feeder and places the electronic components on a circuit
board, the optimization apparatus including: a plane generation

15 unit operable to generate, for each electronic component type,
an imaginary component plane that includes positions in which
electronic components of the type are to be placed, and arrange
the generated component planes in a predetermined order; a
rearrangement unit operable to rearrange the component planes;

‘ 20 an optimum path generation unit operable to generate, within
each component plane, an optimum path that connects the
components on the component plane; and a 3D path generation unit

operable togeneratea 3Dpaththat connects the component planes,

by connecting the pathwithin each component plane with the paths
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15 that includes a plurality of pieces of conponent information, each of

whi ch includes a conponent nanme, a conponent nunber, an X coordi nate val ue,
a Y coordi nate value, an angle A an XY speed, a canera, a nozzle, and a
head speed. The piece of conponent information corresponds to one 20
conponent placed on the circuit substrate. The conponent nane identifies
the type of a conponent. Here, type refers not only to conponents having
differing shapes , such as a QFP, a connector, or a chip, but refers also
to conmponents having the sanme shape but different nanes for reasons such as

37 havi ng;jdihfihetemer @onpbakee Yalwes., Such conponents are considered to
be different types of conponents. The conponent nunber is an identifier for

uni quely identifyi a on_t.he ¢i {t_ bgard. The X
coordi nate val ueﬁggg’Ytg%gP%?%g%aegé%ﬁ%gti n&ﬁtgatlgdsg,ﬁ‘weésspegﬁi \%éﬁt%a e X
coordi nate_val ue %nd Y coordi nate value of the position of the conponent

i denti fi edSBE LR CCIRPOHEHE TRUFHEF2CETHOAGFE IORRRRH: BL2PRe ARG or med

between an X axis and a side surface of the conponent identified by the
conmponent %0SRGHPBAC FPrpABeRbapBhenexit elralieeni® dsungnried eninhen
surface of the circuit board. The XY speed indicates the speed at which the
ci rcui t5 boatdctueesd corprponen pifamevh iidle thanelacemet t Aees movgpenvft igwner a
provided in the 15 placenent apparatus. The nozzle indicates a type of

nozzl e profrdadtion d:iec beagondhe brath spdednaldceapeacatspeefe athathiich a
head of the placenent apparatus noves on an XY plane. <Tact cal cul ation

uni t correspendengdncdl! §1aHe Theot a8t 0UeSRIRINGR IR E, RS aShHWR N
FIG 6, is a data table having a plurality of pieces of correspondence

informatio om?@ﬁgnef i‘Qb&htﬁ%%Cng&?@gmé)f & &F&@'Bla%",?aigstm%ﬁﬁﬁ%e ,and a

tact cal culatton uni nane. e placenent apparatus "nane i IeS a

Pl acement 38, ;o APRALALS:: ThERLACY, CaLPULALL 0D UL, 1ATR 1 gSntifles 3 tact

10 calculate, for each original component plane and each next
component plane, an exit candidate count that is a total number
of exit electronic components, and calculate, for each original
component plane, an exit candidate total that is a total number
of exit electronic components; a selection sub-unit operable

15 to select an original component plane having a smallest exit
candidate total and set the selected original component plane
as a first component plane, and select a next component plane
that has a greatest exit candidate count with respect to selected
the first component plane, and set the selected next component

20 plane as a second component plane; and a component plane
i.nterchange sub-unit operable tointerchange the first component
plane and the second component plane in a component plane order.

Here, the extraction unit sets a square-shaped area, each

side of the square-shaped area being a length corresponding to
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calculation unit in the optimzation apparatus 200. Each piece of
correspondence information indicates an associ ati on between 5 the pl acenent
apparatus identified by the placenent apparatus nane in the piece of
correspondence information and the tact calculation unit identified by the
tact calculation unit nane in the piece of correspondence information.

<Pl acenent apparatus type table> 10 As shown in FIG 7, the pl acenent
apparatus type table is a data table that has a plurality of pieces of

pl acement apparatus information, each piece of which is conposed of a

pl acement appavanhestnaime £ typeedad, aamdadceaunt. o T hehelsamerents hapedr at us
nanme identifies a placenent 15 apparatus. The type is an identifier that

identifiesatlae b¥pegQf pplsaca@mnivhappasRidis.t Ehechead iecoushpbRdhcai£sd he
nunber of heads on the placenment apparatus. 20 ' <Tact tab?e> As shown in

FIG 8, t h%etp?‘fécécf‘,bla\?di,Sif‘aqaéf‘eéép&?ié ?g%lﬁg?én%rgﬁ% feOf et %%%)rﬁgy%n%nt

plurality of "pieces of conponent tact In i on, each prece

i nformation,hein onposed_of a conmponent nane, | yr.al.i of _pi eces of
appar at us E%ngé%fi$%f§$ﬁﬁ% rﬁeﬁﬁ@ugﬂﬁﬁﬁﬁé’ﬁggﬁg& t%¥e§63ﬁﬁﬁﬁﬁi t act
i nfor iog caorresponds to a type of conponent placed on the circuit board.
The cgﬁ%on REINBAECTERAt FLMEs1E dpse dheBohpBnéREIes TRYSPESEe tdfMCappar at us
tact information includes a nmaxi numtact and a placenent tine. The maxi mum
tact is the shortest of possible tinmes for picking up the conmponent through
to placing the conponent on the circuit board, and is witten to the tact
tabl e i n aBvaafeDes¢fiphéopl afenkrpt Direwegngs t he anmount of tinme required for
one task. A task denotes a sequence of conponent placing operations
consi sting of (ajyrt¢helpiacensnbcheadafpuinnghbeihbetaenpenaatu-aeder aand
pi cking up el ectronic conmponents, (b) the placenent head noving at a set
speed in a;phehBayaphicehange of the 15 recognition canera, and the
recognition camera- perform ng recognition scanning for photographing al
el ect noni ¢ conp ts icked, u nlac . _hea ( h

Lok opRat s P gEeds UndWeddicy RlACRIEHY nieadnodnly ( Gd hag,

pl acenent head acing t C conponents board. The
conponent count indi cates how many. conpopnents 20 jdentified by th .
conponent HANRCAT l?%@imé%ﬁ@ﬁﬁﬁf(ﬁ$ Phgggﬁriﬁ?? placement Tachine'124;

FIG. 3A is a perspective drawing of the main components

of a multifunction placement machine 125, and shows electronic
components being placed;

15 FIG. 3B is a perspective drawing of the main components
of a multifunction placement machine 125, and shows electronic
components being absorbed;

FIG. 4 is a block diagram showing the structure of an
optimization apparatus 200;

20 FIG. 5 shows an example of the data structure of a component
table;

FIG. 6 shows an example of the data structure of a tact
calculation correspondence table;

FIG. 7 shows an example of the data structure of a placement
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board. <Conponent placenent table> As shown in FIG. 10 , the conponent

pl acenent table is a data table that has areas for storing a plurality of
pi eces of 40 conponent placenent information. Each piece of conponent

pl acenent information includes a placenent apparatus nanme, a total

pl acenent tinme, and at | east one set of a conmponent nane and a pl acenent
time. 5 The placenent apparatus nanme identifies a placenent apparatus. The
conponent nane indicates the name of a conponent placed by the placenent
apparatus identified by the placenent apparatus nane. 10 Furthernore, the
pl acenent wepperatdiscalyes ttadlamount of tinme required to place the
conponent. \Wen a piece of conponent placenent information includes a

plurality of setsrafl 8 spsponentetai G Rhacageat stidBrutbe 66! S
arranged in the piece of conponent placenent information 15 in a nmanner

that indicakggethe order in which the conponents are placed. The total
pl acenent tinme is a total value of each placenent tine in the pieces of

conmponent pl ace i rmation, (2 tim zati upit 203 20 .The

opm) i zat | gn uninFEléO:%J] %ﬁ%‘\"/’i‘g SE o%}é?rﬁg/i%%c%ltgf%sta}qteag? WHiSa ddscamsad
Iater.ﬁgbx%h th ophinizatLon unit 203 repeatedly perforns _conponent

assi gnrent bWSCE§§i GSRe¥EHTHER PHt 8P SREP&cAtiRB &nddl 2934t i on processing

described | ater, a designated nunber of 41 times. The optim zation unit
203 then repeat eBL§ - gérFhBaB Epplecdsthadatasdriusddiien e campongeit t abl e
cal cul ati on processing described |ater, a designated nunber of tines. Each
repeat, 5 phecepenti tabilen unit 203 judges whether a line tact is |less than
a previously calculated line tact, and when the line tact is less than the

previously cal cutated 1 shewkagh examplehef reReabiponshaclld@dhenPrapis onal
cal cul ati on>
to which a group of a component name and a placement time has
10 been written;

FIG. 12 shows an example of the component placement table
to which a next group of a component name and a placement time
has been written;

FIG. 13 shows an example of the component placement table

15 when division of components by the optimization unit 203 has
ended;

FIG. 14 shows an example of the tact table obtained by
tact table calculation processing by the optimization unit 203;

FIG. 15 is a flowchart showing an outline of operations

20 performed by the optimization apparatus 200;

FIG. 16 is a flowchart showing operations for provisional

calculation of the tact table;

FIG. 17 is a flowchart showing operations for dividing

components;
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The optim zation unit 203 perforns the follow ng 10 processing, for each

pl acenment apparatus. 1 ) The optim zation unit 203 reads the pl acenent
apparatus nane fromthe placenent apparatus type table, and reads the type
and head count corresponding to the read placenent apparatus nanme fromthe
pl acenent apparatus type table. 15 2) Next, the optim zation unit 203 reads
the tact cal culation unit name corresponding to the read pl acenent
apparatus nane fromthe tact cal culation unit correspondence table, and
selects the tact calculation unit. 3) Next, the optimzation unit 203
repeat edl y perf omT& .208 tilsea ffdldwalianrg phowEsgiapg rfaari oeac ho € aglanelt t Nidge

pl aced on the circuit board. 3 ) -1 The optim zation unit 203 reads the
maxi mum t agheane dthe sgamponent count corresponding to the placenent
apparatus and the conmponent nanme fromthe tact table, reads the type and 42
t he head count cgkies dipg to e .app f ment
apparatus type tg%Fé,pgﬂd&gufbuf%ggﬁgéggn%%%gﬁggng%%%%?ﬁg&%g;?§§n1 act, the
conponent count, the type, and the head count to conversion unit
correspondPh§ ES ¥ ‘sel ected tact 5 calculation unit. 3 ) -2 The

optim zation unit 203 receives_ the placenent tine fromthe tact cal cul ation
unit viZa the con¥éFsi 6 bfi &, Phaak viliagkam nghewkld Ve (i tatuaiatie t9hek o t he
area for storing the placenent time that corresponds to the conponent nane
and pIacenéﬁﬁemglﬁpﬁaﬁé@@saBnatm@d@édpaKQQMepfFEGe.f9r§hows¢@@@nexanple of
the tact table to which placenent tines have been witten by the

optim zati on uni FIZ02R1 sHdwes partampiewt the dawhidterwcitanacd asanpdrddat 9

i ndi cate placenent tinmes witten according to the above-descri bed

processi ngnambé x¥@emponent assignment> The optim zation unit 203 assigns
conponents that can only be placed by a particular placenent apparatus to

that placement apparabysgspWhikt 85 takzslmgqugrfe%thenlemlaa@%red&%%e@f Lige to

t he conponent placenent table, calculates a total placenment tinme 20 for the

placeqﬁnt ggﬂﬁéggﬁﬁebgggghéggg%ggzgnponents are assigned, and wites the

total "pl acéne nt placenent table. FIG. 10 shows an

exampl e of the ¢ onent pl acenent table t ich the optim zation unit 203
hasnaﬁitten ConpgﬂgntSEaﬁggws an exampie oP‘t e component name listlin

which the XY speed has been replaced by the optimization unit
203;
FIG. 24 1is a flowchart showing operations by the
15 optimization apparatus 200;

FIG. 25 a conceptual drawing showing the positional
relationship between a component feeder 301, a rotary head 302,
and a circuit board 3030 in the high-speed placement machine
124;

20 FIG. 26 shows an example of the data structure of a movement
tact table;

FIG. 27 1is a flowchart showing operations of the
optimization apparatus 200, and continues in FIG, 28;

FIG. 28 1s a flowchart showing operations of the
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43 of conponents that can only be placed by a particul ar pl acenent
apparatus, and the placenent tines therefor. The parts shown with white
characters in FIG. 10 indicate placenent times witten according to the
above-descri bed processing. 5 Next, the optim zation unit 203 repeats the
foll owi ng processing for remaining conmponents that have not been assigned
to a placenent apparatus. ' 1) The optim zation unit 203 selects the

pl acenent apparatus having the | owest total placenent tinme. 10 2 ) The
optim zation unit 203 selects a renaining conponent that is at the top of
the tact tabtémiBaridheapptiratnat 200,uantl 208taaskegnsrbhe Fel ect7ed
conponent to the selected placenent apparatus, and wites the conponent

name and placenentclip® 18 4 heicerponad RJReeMRLd 3 enelhidn)-sphedq
optim zation unit 203 calculates the total placenent tinme of the placenent

appar at us %JPa&@héﬁt%@&l‘?ﬂ@%ﬁ”%r@ﬁ%@f@@, f@ﬁc} g%gF GEHQ 1%6%%}%%5&&&1 et al

pl acenment tine to the conponent placenent an exanpl e
of the congogﬁﬁé ﬁhacenent table 20 in FIG 10 to which the optim zation
unit 203 has turthef witten one set of a conponent nane and a pl acenent
time . The part shown_with white characters in FIG. 11 indicates the

conponént nanme ahtCt hed gt (Qimd b iHATET YabesAdPdg the hagh-speed
above-descri bed processing. 44 FIG. 12 shows an exanple of the conponent
pl acement Phdfement Maghing 124 Ahpehbehew omttidhishawisohhanfet208 Hessl Rbir t her
witten the next set of a conponent nane and a placenment tinme . The part
shown wit hawhime tharacters in FIG. 12 indicates the conponent 5 nane and
the placenent time witten according to the above-described processing. FIG

13 shows an exenpl 8loistdhe igmenphactts plwicemotehableo i@ tBRponent
optim zation unit 20 3 has finished assigning conponents . <Tact table

cal cul ati ofeged®r The €REI A1 ZALLRR WA 1 208 MRS fOidRyd hen fOhL OBk RRRr AEeSSi Ng
for each placenment apparatus: | ) The optim zation unit 203 Selects a tact
cal cuh@ti Ofmponents and the placed components;
FIG. 32 is an outline showing the positional relationship
of the component supply tray of the multifunctional placement
machine, the placement head, and the circuit board;
FIG. 33 is an example showing the data structure of the
15 component name list;
FIG. 34 shows a planar view of a circuit board 421 in FIG>
34;
FIG. 35 is an example showing the daﬁa structure of the
Z axis list;
20 FIG. 36 shows a component name list in which the component
name information has been rearranged;
FIG. 37 is an example showing the data structure of a task
list;

FIG. 38 is an example showing the data structure of a final
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unit. 2 ) The optim zation unit 203 obtains fromthe conponent 15 table the
X coordi nate value, the Y coordinate value, the angle A the XY speed, the
canmera, the nozzle, and the head speed for all conponents assigned to the
pl acenent apparatus, and outputs the all obtained X coordinate values , Y
coordi nate values , angles 8, XY speeds, caneras, nozzles, and head speeds
to the conversion 20 unit that corresponds to the selected tact cal culation
unit. 3 ) The optimzation unit 203 receives the total placenent time from
the tact calculation unit via the conversion unit. 4) The optim zation unit
203 perf or peatbachel bownfglpsecessi ng for each conponent nane to be placed
on the circuit 45 board. 4 ) -1 The optim zation unit 203 cal cul ates the
tact using the fpkkowiong @95e&aﬁgu_@@h&ﬂ%ﬁﬂ&ag@@%%&%%toﬁémaa)%mhmpe) /
(total nunber of 5 conponents assigned to the placenent apparatus) * (total
pl acenent ti )z 1e. optimzation unit 203 overwites the area in the
t act table%tﬁgéréé%?gépgggg’to t he pl acenent apparatus and the conponent,
with the cal cul a tact. 10 FIG .14 shows an exanple of the tact table

obt ai ned accor di %ggt &4 hE PpEFATPAE TR T t%@ﬁ%ggf%crﬁjlrt%gf a task
above-described_tact table cal cul ati on processing. The parts shown wth
white charB2t&r4ifh/FIG . 14 indicate the placenent times witten according
to the above-described processing. 15 <Swap processi ng> The optim zation
unit 203 sel ect sFI¢roklthe asonpraspiepbheoeneat thabletaasplraceneat odppar at us
Px that has the greatest total placenent tinme, and sel ects one conponent
name Nx asplgoedenh® dh@eselested pl acenment apparatus Px. Next, the

optim zation 20 unit 203 sel ects anot her placenent apparatus Py, and

sel ects one conpenent aAMa Ny aasgigRgH twidde ssRIweGied dhleacgpBnt 18RRAT at us
Py. The optim zation unit 203 then wites the conponent nane Nx and the

SomPonet Jeie:MWnini Pl BCey00neach; PLOLE 58218° 52MRRACY nBLACRHEN! table.
10 FIG. 43 is a flowchart showing an outline of operations
by the optimization unit 203;
FIG. 44 is a flowchart showing operations for path
determination according to return optimization, and continues
in FIG. 45;
15 FIG. 45 is a flowchart showing operations for path
determination according to return optimization, and continues
in FIG. 46;
FIG. 46 is a flowchart showing operations for path
determination according to return optimization, and continues
20 in FIG. 47;
FIG. 47 is a flowchart showing operations for path
determination according to return optimization, and continues

in FIG. 48;

FIG. 48 1is a flowchart showing operations for path
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The conversion unit 206 receives information fromthe optim zation unit 203
, converts the received infornmation to a type that is conpatible with the
tact calculation unit 209, and 5 outputs the converted information to the
tact calculation unit 209. Furthernore, the conversion

uni t 206r ecei vesinformation fromthe tact calculation unit 209, converts the
received information to a type that is conpatible with the optim zation 10
unit 203, and outputs the converted information to the optim zation unit
203. The conversion unit 207 and 208 are the same as the conversion unit
206, and t kdetefrarieaariemnatcdedthibes reenen 64 imaghteahcudwd icomtinides209 to
211 15 The tact calculation unit 209 receives a conponent nane, a naxi nmum
tact, a compegemiccoynt., a type and a head count fromthe optimzation unit
203 via the conversion unit 206. 1 ) Wen the type is "rotary” or "1 by 1
robot" , the tac al gyl af i nj o h £ Ll
according 20 to Fﬁg'f%ﬁl%{vﬁsvﬁ%a&x%%%é ?%n&Jf E)tl%aegéﬁeiﬁ% ?F%@%&cﬁ%&t of
conmponent i.ndicated by .receiyed,conponent nane * received conponent count
Here, the ﬁgxﬁnﬁﬁpy§8¥l8p h e@&ﬁﬁgﬁght i ndi cated by the received conponent
name is_stored in_advance by the tact 47 calculation unit 209, and is the
tact by’ the pl acBhEnt ppAfusakorkaBpbRdRtg e t heaiaetoryl efil &8Sd unit
209. 2) When the type is "sinmultaneous pick up", the tact cal culation unit
209 cal cul acesrdhagptacéhentourtb ewboddinegts to the foll owi ng expression.
pl acenent tinme = [conponent count/head count] * tinme per task Here, the
square brackets FEG])51 mticsat & @l umiindingfopesginany dofigdresmdpaantelke tinme
per task is stored in advance: 10 by the tact calculation unit 209, and is

the tact of the piacesEnéheR®aseH s res NN @ 1@ tifs ilaebmpahenkat i on
unit 209. Furthernore, on receiving a plurality of conponent nanes, the

tact cal cubahi PN, 884t oR 0, G r?a{le%t s %ﬁ%ﬁﬂe i fsglrugg%cgr%gggonent

nane in the manner described above, e 15 cal cul at’ed pl acenent
(LTESAET 5ot H 819k Bl ¥F SRy BROBRTHL ViR REL o P AR
list;
FIG. 54 shows an example of the data structure of an exit
candidate list;
FIG. 55 is a flowchart showing an outline of overall
15 operations by the optimization apparatus 200;
FIG. 56 is a flowchart showing operations for rearranging
component planes; and
FIG. 57 is a flowchart showing operations for generating
optimum paths in component planes.

20

Best Mode for Carrying Out the Invention

The following describes embodiments of the present
invention with use of the drawings.

1. First Embodiment
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pl acenent tinme to the optim zation unit 203 via the conversion unit 206. 20
The tact calculation units 210 and 2I1 are the sanme as the tact cal cul ation
unit 209, and therefore are not described here. (5) Display unit 201, input
unit 202, and transm ssion/reception unit 204 48 The input unit 202
receives input of an operation fromthe user. The display unit 201 displ ays
information. The transm ssion/reception unit 204 transmts information
optim zed by the optim zation unit 203 to the production 5 apparatuses. 1.4
Qperations by the optim zation apparatus 200 The fol |l owi ng descri bes

operations by th@h@pf&)m:.é@lﬂx@rﬁmkﬁé&%rgggseh%hgod?lsi:@ﬁ ofadvermllst
operations by the optim zation 10 apparatus 200 The foll ow ng describes an

outline ofeﬂgéﬁgﬁgggéO$ythgepgggggkg@Ebggtgggaratus 200, with use of the

flowchart I'n he optim zatii on unit 203 provisionally calcul ates

the 15 tact tabl S S101) . xt, t optim zation unit 203 sets a val ue
1in a variable "é %?gﬁcéﬁﬁé ?%Faﬁgﬁﬁgﬁgsgyﬁgeyaﬁiable i with the

desi gnat ed nunber of tines, and when the variable i_is equal to or |ess
than the designafR8 A8FEBPIBISYSHRR Ist2h 10T ,in FESptli nilFaClRPagsd 20
203 perfornms conmponent assignnent (step S104), calculates the tact table
(step $1059f amdopidsiaatvidncapraive 240 dhirradyciilgn 3106 LAThd 31,

optim zation unit 203 then returns to step 5103 and repeats the processing.
Wien t he varfiedderildls, gr eaten ddipdet rer idasimgnateda newdoeem A9 dewfprtiintes
(step S103), the optim zation unit 203 sets a value 1 in the variable

(step S1079nsHOERBHAS rtdrivdl IBPE & b Wildh e tesidinas e nupRal aft ildnes,
and when the variable i is equal to or less than the desi gnated nunber of

Eisggs (51 ahaoi e )123 | 8o ByRRl R & BlaQRridld md8R1 RETIOL MhuT WA uRIRGRES T NG
p S109 ) , and calculates e tact table (step S110). Next, the
optim zat iﬁacement machines 125 and 126, a mounted component inspection
10 machine 127, areflowapparatus 128, a visual inspection machine
129, and a storage apparatus 130. Note that the assembly system
lisnotlimitedtohaving this structure, andmay have a structure
that does not include all the stated production apparatuses.
For example, the assembly system 1 may be without all the stated
15 inspection machines, and may have a plurality of high-speed
placement machines. Furthermore, the production apparatuses
may be arranged in series in one line as stated, or to compose
a plurality of lines in parallel. 1In addition, the production
apparatusesarenotlimitedtobeingarranged inthe stated order.
20 The optimization apparatus 200, the feeder 120, the cream
solder printer 121, the cream solder print inspection machine
122, the high-speed adhesive application machine 123, the

high-speed placement machine 124, the multifunction placement

machine 125, themultifunctionplacementmachine 126, themounted
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unit 203 judges whether or not the line tact has decreased, and when the
line tact has decreased ( step S111 ) , ends the processing . Wen the line
tact is remains the same or has increased 10 (step S111), the optim zation
unit 203 adds a value 1 to the variable i (step 5112), and returns to step
S108 and repeats the processing. Wien the variable i is greater than the
desi gnat ed nunber of tines (step S108), the optim zation unit 203 ends the
15 processing. (2) Operations for provisional calculation of the tact table
The follow ng descri bes operations for provisional calculation of the tact

table, wthdtgRint PeshtOWEAHadidd $2720 Hibre rTBG QNS A4 Q03280 e

provi sional calculation of the tact table described here axe the details of

step S101 of. F . pt L zatli unit .2 repeats steps_S131 S146
fox each pﬁéé%%g%ﬁ%gﬁﬁgggPﬁs&gghéagb??%fzé ?oﬁéﬁﬁ? o%%%er%gé%ré%%?é%% nt
apparatus nane 50 from the placenent a ratus type _tabl e step $S132 ) ,
and reads f& F)?Bé‘e&lrr&ghgéﬂ TR ?%%%gﬁdﬂ?g I@S%ltplﬁé'reﬁat | Beehdrite
apparatus nane, fromthe placenent apparatus type table ( step S133). 5
Next, the BEERSi 9htdemastiionds naddnikedt ke bedapculaty onFani ax amwmke
corresponding to the read placenent apparatus nanme, fromthe tact

cal cul &t i oftheni preductspondapreratibtes amy sbleectenhhetedctbyalRilFHid on
unit (step 5134). The optim zation unit 203 then repeatedly perforns steps

10 S135 t 0ASt4Frnheivedyh d:enagiie saoeed onher Dbppgd i®k t &d eheclidpdioar d.
The optim zation unit 203 reads the maxi numtact and the conponent count

correspondyigkt @séd&PtagRIREL AP ALUEN3REaE e BATRAREPTe M BRIu iR the
tact table, and reads the type and 15 head nunber corrésponding to the

pl acenent ggpggg%ﬂgesfgggh%ﬁ%ealgﬁggp%%tﬁgg§(atus type table (step S136).

The optim on unit en outputs the conponent nane, the maxi mum
ni t correapondi BECt STRE? ATl (HECTE APMEA PR ORF 2L ot ol S5 <atn7)
The cqnversion unit converts the recejved conponent nane,

10 solder print inspection machine 122, the high-speed adhesive
application machine 123, the high-speed placement machine 124,
the multifunction placement machine 125, the multifunction
placement machine 126, the mounted component inspectionmachine
127, the reflow apparatus 128, the visual inspection machine

15 129, and the storage apparatus 130 are arranged in the stated
order along a transfer line.

Each apparatus subjects the circuit board to a respective
predetermined process, and transfers the processed circuitboard
to the apparatus that performs the next procedure. 1In this way,

20 the circuit board is produced by being successively processed
by each apparatus while being passed from an upstream procedure
through to a downstream procedure. Here, upstream procedure

refers to the procedure at the feeder 120 end of the transfer

line, anddown streamprocedure refers toprocedure at the storage
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maxi mum tact, conponent count, type, and head count, thereby generating a
conponent nane, a nmaxi numtact, a conponent count, a type and a head count
in a data type conpatible with the selected 51 tact cal culation unit
(step S138), and outputs the generated conponent nane, naxi mumtact,
conponent count, type, and head count to the selected tact calculation unit
(step S139). The selected tact calculation unit calculates the 5 placenent
time based on the received conponent nane nmaxi mumtact, conponent count,
type, and head count ( step S140 ) , and outputs the cal cul ated pl acenent
time to thenconyeoseénd oni thé stepsBdAli)ne. Next, the conversion unit
converts the received placenent tine ( step S142 ) , and outputs the
converted placemens $i88ubQ:id0 Abgapptigigation unit 203 (step S143). The
optim zation unit 203 then wites the received placenent tinme to the tact
table, in an area_ for ri the pla t time corresponding to.the
conponent nane aﬁ%lfh%f%fac@?r%n e%%eprarﬁg%%e(eﬁseﬁ §%&?§(. 8%55‘(%?“@%%?% ons
far conponept assignnent The fol|l ow ng descrjbes operations for assignment
of  component TG 1t BRSE 5t OPRENF-FBuRHEY £ 7 F-qQBEONEALS FRYeoBeEaFFbns f or
conponent assi gnment described here are details of step S104 of FIG 15. 20
The opti ni beeR oRCUALed203 Mo ghewaygr chpdnert sish®ossdhleniiphesphaced by
a particular placenent apparatus to that placenent apparatus, and wites

t he conponespoerss dodhd e belcacreoented iomeshe e tdhe adrnpboand s plyacthent
table (step S161) . The optim zation unit 203 cal cul ates the total

pl acement limes52 Nodfe thespl ateienthappardintsiitto vbaehst kR yconpeneats have
been assigned, and wites the total placenent tinme to the conponent

pl acenent d&bhre {$ien 346@h1 tNeXhrat R QREERI ZAL EOPoRY: bodBB nkndges uhet her
or not any 5 remaining conponents not yet assigned to any of the placenent

appar at usegs) £xl$ton ¥4 H ik ( ffl@pfdesét@ér )120 ?‘%%Elest I&erp[:?fgg?cnlgoaf% any

renmai ni ng conponents not yet "assigned to any o pl‘acenent apparat uses
oK S aBe H ebaq 0 BR LA 40 20 8¢ 5t o he ol aceren
The cream solder printer 121 receives one circuit board
at a time from the feeder 120, prints cream solder on the received
circuit board, and feeds the circuit board on which the cream
solder has been printed to the cream solder print inspection
15 machine 122.
The cream solder print inspection machine 122 receives
one circuit board at a time from the cream solder printer 121,
inspects the state of the cream solder printed on the received
circuit board, and feeds the inspected circuit board to the
20 high-speed adhesive application machine 123.
The high-speed adhesive application machine 123 receives
one cixrcuit board at a time from the cream solder print inspection

machine 122, applies adhesive for placing electrical components

and the like to the received circuit board, and feeds the circuit
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10 total placenent tinme(stepS164), selects one renmai ni ng conponent fromthe
top of the tact table ( step S165 ) , assigns the sel ected conponent to the
sel ected pl acenent apparatus and wites the conponent nane and the

pl acenent tinme to the conponent placenment table (step S166). The

optim zation unit 203 then cal cul ates 15 the total placenent tine for the
pl acenment apparatus to which the conponent has been assigned, and wites
the total placenent tinme to the conponent placenent. table (step S167).

Next the optim zation unit 203 returns to step S163 and repeats the
processi ngbo2®d(d) whpiertattihensdhesivacias aklen apbctibat t @r-nkhe ikel-lspeidi
descri bes operations for calculation the tact table, with use of the
flowchart pmabbfeentlfachife @pgrations for tact table cal culation described
here are details of step S105 and step S110 in FIG 15. 53 The

optim zation uni e te.S19 r. each pl acenment .

aBpar atus. The O%ltllg%%_;g}[i n eu%n?%gg%ggég éac??lsl ;e?%%:?rega lg]u sa?‘?%ﬁllfr%“]tlt( step
S182 ) , ohtains, framthe conponent table, the X coordjnate 5 al ue, the
Y coor di na?%%gl"ﬂ:e? s gﬁﬁlpgh&?omﬁn%' W%%@SE?FSEH& Whktr A IR MAGAINE  and
t he he%Q sgggd aof each conEQnent assi gned to the placenent apparatus ( step
S183 ) ° and® oRIARSS BAECEBLSRASPTIPRIIH RAtIIS ARGEI VY @i thrardal ues,
angl es 8, XY speeds, caneras, nozzles, and head speeds to the conversion
unit 10 corkddpbrrperyt andifeasis e edrcadt e wlibarihdchuriie el estepcgls8s )
The correspondi ng conversion unit converts all the X coordinate values, Y
coor di nat ecompoesntanhbes AceXY pipeerds,t« aties asul bOZahesioangl headespeeds,
and outputs the converted data to the tact calculation unit (step S185). 15
The sel ectgglchied tabcul ation unit calculates a total placenent tine based
on all the X coordinate values , Y coordinate val ues, angles 8, XY speeds,

careras, nozzl P gndaheathspends sl ePcSHEBL: aRd U he 5l pylat od

total placenent tinme to the conversion uni step e conversion
it t I I j t nd t put
converted thiy e blacn iRt il e T BBk eE b 4rPROs G P 280,

Next, the optim zation unit, 203 repeatedl erforms steps S190 to 5193 for
each conp %Y{%w%(ﬁgnﬁ%%%e%WY$8°§£P@ﬁltp%BgtacPlacement ead Z243cpicks

up a component from a component feeder unit 243f and performs

component recognition. The placement head 243c rotates to a
predetermined position, and the suction nozzles 243d place the

15 components on respective predetermined positions on a circuit
board 243e.

The high-speedplacement machine 124 and themultifunction
placement machine 125 are different types of placement machines
that place electronic components to a circuit board. The

20 high-speed placement machine 124 is for the purpose of placing
a small number of types of electronic components on a circuit
board at high speed, and the multifunction placement machine
l125isforplacingalargenumber of typesofelectroniccomponents

having different shapes on a circuit board. The high-speed
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54  The optim zation unit 203 cal cul ates the tact according to the next
expression. tact = ( conponent count of the type ) / ( total conponent
count assigned to the placenent apparatus) * (total placenent 5 tinme) (step
S191) Next, the optim zation unit 203 overwites the area in the tact table
for the placenent tinme corresponding to the placenent apparatus and
conponent in the tact table, with the calculated tact (step S192). 10 (5)
Qperations for swap processing The follow ng descri bes operations for swap
processing, with use of the flowhart in FIG 19. The operations for swap
processi ngptesemehedmnienenare2detnd kaeohust epusddfoh b endd: mEthine
optim zation unit 203 selects, fromthe conponent 15 placenent table, a

pl acement appafALdS RonhBAl FhiASH1 B8 & gakesth QRQ&E%RJ‘C_?%pM t§ P
S211), selects one conponent nane Nx assigned to the selected placenment
apparatus Px _(step,5212 , selects another placenent apparatus Py ( step
S213 ) , a%dcggFgng%8ﬁghConponent name Ny that is assigned to the sel ected
pl acenent 20 apparatus Py (step S214). Next, the optimi zation unit wites
the conponent nafBeNRUdid RS tdoRpHARETRIHe ML DI Ade EFCEATRSOINE in
the conponent placenent table (step S215). 1.5 Conclusion According to the
t echni ue @iseldscornd Ripanddac dramnoped S57h- et P RSN MarNge

10- 209697, conponents are respectively assigned to a plurality of placenent
appar at used2 4siplpce plcavpopen tsact thiratecsivethmirauiteberedc eapd deement
tact pre-set for each conponent, or is a maxi num pl acenent tact. Therefore,
5 there isthe priobden Brirdabanyiiheh plhac erert rappar adtisese At Uadte Haledce the
conponents, the total placenent tines will not necessarily be even between

pl acement apparat HgesneRui b rahheiohapdacametesphib-Rede aggording to the
first enbodi ment, conponents are respectively assigned to the 10 pl acenent

et oo o180 kil o8 SHLBLEE! AL AR Sasinsd Lo eact
total lBl aCt rrgrrlr;[uffjir?unction placement machine 125. Four suction nozzles
262 to 265 are provided on a lower side of a placement head 261.
The suctionnozzles 262 to 265 pick up components from a component
feeder unit 266, and in the case of ordinary components, performs
component recognition. Depending on check rules, there are
15 cases in which component recognition is not performed when the
component is component such as a connector. Next, the placement
head 261 moves to.a predetermined position, and the suction
nozzles 262 to 265 place the components in respective
predetermined positions on the circuit board 267.
20 The multifunction placement machine 126 is the same as
the multifunction placement machine 125.
The mounted component inspectionmachine 127 receives one

circuit board at a time from the multifunction placement machine

126, inspects for defects or misalignment of the electronic
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axe likely to be nore even between pl acenent apparatuses when the pl acenent
appar atuses actually place the conponents. 15 1.6 Mdifications As shown in
FIG 20 an assenbly systemthat is one nodification of the first enbodi nent
is conposed, simlarly to the assenbly system 1, of an optim zation
apparatus 200b, a hi gh-speed pl acenent machi ne 124b, a multifunction

pl acenment 20 nmachi ne 125b, a multifunction placenent machi ne 126b, and

ot her production apparatuses (not illustrated) The optim zation apparatus
200b is conposed of a display unit 201, an input unit 202, an optim zation
unit 2@Q3, aompansntssirotile eeeptived dippariad bicatdj hnddedftHe amsipfcdfadat i on
56 storage unit 205. The hi gh-speed pl acenent nmachine 124b is conposed of

a hi gh- spegdrpl,aeepBRLquUBbt thhakephageappheathgnt ggconponent s at
hi gh- speed, a conversion unit 206b, and a tact calculation unit 5 209b. The

mul tifunction pl chi i f jSf L
pl acenment unit tﬁggn%é;ﬂ%?r%% I %nj(-:?? %ﬁégﬁ%ﬁc%ﬁfﬁeédelcﬁﬁo%ﬁr? at
conmponents, .a conversi.on_uni 07b, and a .tact calculatjion upit 21Qb. The
il D11 anc £ LT AEGHere REBRERE GOBBORENE dgeest OF BARULRR bt FBn o5

pl acement unit that 10 perfornms nultifunction placing of electronic
conponent sthe 6 raq et thegkecahyed ¢hEcuthIReardi gndifiaedsithe I n
this nodification, conpositional elenments having the sanme reference nunbers
as those i@lirteitibeareworhient thaveredr scddershpracbeer maltéd to the
conpositional elenment in first 15 enbodi ment. The conversion units 206b,
207b, and 208baar enspeotical maohsheutare to the conversion units 206, 207,
and 208 of the first enbodinent. Furthernore, the tact calculation units

209b, 210b, and 2ddb;iadiend detddsatidd rddiiGidine of @olde deacbneakgwatkon 20
unit 209, 210, and 211 of the first enbodi nent. The transm ssion/reception

uni t 204b 5 @S, tiidasELan o LeseBhinbAsturenabhe atd i Zaplaacual t 203

and the_conver5|on unit 206 ~optimzation unit the
conven gl Ont}yg!sita%%ggf And hetyean £ 0 0ptl 0238l 98 MLt 403 57 . o and,the

conver si on uni
feeds the inspected circuit board to the storage apparatus 130.
The storage apparatus 130 receives one circuit board at
atime at theend of the process fromthe visual inspectionmachine
129, and stores each received circuit board.

15 Note that the transfer line may have two transfer rails
(called a dual lane), and two or four circuit boards may be
simultaneously provided, transferred, and processed by each
production apparatuses from the upstream procedure through to
the downstream procedure. Furthermore, although the above

20 descriptiondescribesonecircuitboardbeing receivedatatime,
two circuit boards may instead be transferred at a time.

1.3 Structure of the optimization apparatus 200

The optimization apparatus 200, as shown in FIG. 4, is

composedof adisplayunit 201, aninputunit 202, anoptimization
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As described, in this nodification the conversion unit 206 and the tact
calculation unit 209 of the optim zation apparatus 200 in the first

enbodi ment have been noved to the 5 high-speed placenent machine 124, the
conversion unit 207 and the tact calculation unit 210 have been noved to
the multifunction placenment machi ne 125, and the conversion unit 208 and
the tact calculation unit 211 have been noved to the nultifunction

pl acenent machi ne 126. 10 Furthernore, the optim zation apparatus nay
perform the conponent assignnent at step S104 in the follow ng manner. The
opti ni zat i oniappglLat as tmapsassisgonglreceptniot conirorRéndt,s aro inferulaadenent
appar atuses by using references placenent tines, each of which indicates
the time reguiragd fuiitl5200¢ MoaBRWomPRALAEUS (P Pbac®gneag@MRRRENt of
one type conmponent on the circuit board. Furthernore, the optim zation

apparatus RBRY-a8%35+98neli8¢tL0nHG ¢onmpenents. by using reference placenent
times, each indicating the tine required for one placenent apparatus to

f t ask k$1.1 f.th ' 0. of ti f i cki
P e S EERCSLARR, S LA O SRR B0 (S0

Furt herpmore hese net hod be conmbi ned. Furthernmore, the optim zation
appar atgl;ﬂ; ﬁ%#ﬂ“nﬁh?) a%%ﬂiﬁgg%/i%%fc%%‘f?%?sw cfﬂ‘%oﬁfc%%@ CrREPYLERE
required for 58 one pl acenent apparatus to place all electronic
conponent sPEPIRATy e SRERTHEAESABRPRIFRLSF & ¥harbiByeqst iy fraréionse

pl acenent tinmes required for placing conmponents on a circuit board, and a

t ool (conpbyethgr oyrcrgprdesssmubpeeat bper acicomsiifigoftel e ngoaguitpment
based on the conmponent count of each type . The optim zati on apparatus then
assi gns t heregeamroni ¢ conponents to the placenent apparatus with use of

t he found placenent tines. 2. Second Enbodi nent 10 The assenbly system 1 of

the second enbodj nEntnPasmiébeosagBoshCtnie 9bsthe assenbly system 1 of
the first enbodi ment. The foll owi ng focuses on describing the points that

diffepof romthe 'ﬂ?é%.rfpédrn%ﬁcﬁ{ns]to?!ﬂgﬁﬁﬁfﬁitr shsenbodi ;%Jgﬂ%von%‘njc ?é&lf ture of

the optim zation apparatus 200 15 ntormation sto unit he

ilnfor”a“ ofle {:%%Qi‘ég‘i'yéio%?énf{ 86?%?;;88&8888%61%%ﬁiééerﬁ‘é‘r?t%a‘éﬁr{ﬁ%”em
pl acenent table.” <Conponent name 1S
type table, a tact'table, and a component placement table.
<Component table>
As shown in FIG. 5, the component table is a data table
15 that includes a plurality of pieces of component information,
each of which includes a component name, a component number,
an X coordinate value, a Y coordinate value, an angle 6, an XY
speed, a camera, a nozgzle, and a head speed.
The piece of component information corresponds to one
20 component placed on the circuit substrate.
The component name identifies the type of a component.
Here, typerefersnot only tocomponents havingdiffering shapes,

suchas aQFP, aconnector, orachip, but refersalsotocomponents

having the same shape but different names for reasons such as

37



The conponent nanme list, as shown in FIG 21, is a data 20 table that
includes a plurality of pieces of conponent information, each of which is
conposed of a conponent nanme, a conponent thickness, an XY speed, a shape
code, a nozzle, and a canera. The conponent thickness indicates the

di nensi ons of the 59 conponent in a height direction. The shape code is
an identifier for specifying the shape of the conponent. The conponent
nane, the XY speed, the nozzle, and the canera 5 are as described earlier,
and therefore are not described here . <Conmponent placenent table> The
conponent phaceseniiffdient ageshewanice R u@?, i suchdescmpoaertsf arre
storing at |east one conponent nane for each placenent apparatus. 10 The
pl acenent appatdkWednale bandikiereafperRpels dEmecabenkh@ssane as descri bed
earlier, and therefore are not described here. <Optim zation unit 203> The
optim zation uni 0 e pi.eces, of; e [ ry|tqi.on

i ncluded in the %gﬁpgﬁ%ﬁﬁhﬁﬁﬂg ﬁ?é?gfnf%gaégeﬁg%%gﬁgggg? g¢rcg%%6#%ﬁﬁp
thickness..égnﬁx%ngle of the conmponent nane kh;t nearn%nged i.n ascendi ng
order of conponént THi EkTEEECPERShERACPS PPG"51C1REREE PREEpti i zati on
unit 203 assigns_t he conponents 20 to the placenent apparatuses. Assignnment
of conponents tolERe ﬂoéégﬁ‘é‘ﬁfteaﬁi‘aéﬁlﬁt%gp Feordipake aete dadiicatesand
therefore is not described here. An exanple of the conponent placenent
tabl e geneF@fRECh{VERE ophe M caprénnahiet vabae G Howwerdim e vaue ®f  As
shown in the f figure, conponents identified by conponent nanes "A" and "B"
are assi gneltle posd tilcacefrehe cappanaindsidernt £ {¢dtyhheac phpcrert huabear.at us
nane "MSR1" , and conponents identified by conponent nanes "C' , "D' , "E"

and "F" are assignetrigla ephiageseiesStiappaldtldiordent betedehYar plagganent
apparatus nane "MSR2" Next, the optim zation unit 203 extracts all sets of

Previ ous piQgessiBbaserEate PRhABIMSHS ML $WR3RGY¥GRY BY AR5 Bomponent
10 number, if the component is rotated to be placed on the surface
of the circuit board.
The XY speed indicates the speed at which the circuit board
moves on an XY plane.
The camera indicates a type of camera provided in the
15 placement apparatus.
The nozzle indicates a type of nozzle provided on the head.
The head speed indicates a speed at which a head of the
placement apparatus moves on an XY plane.
<Tact calculation unit correspondence table>
20 The tact correspondence table, as shown in FIG. 6, is a
data table having a plurality of pieces of correspondence
information, each of which is composed of a placement apparatus
name and a tact calculation unit name.

The placement apparatus name identifies a placement
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pl acenent apparatuses, and repeats the follow ng processing for each

extracted set. Here, the previous process placenent 10 apparatus is the

pl acenent apparatus directly upstream of the placenent apparatus, and the

subsequent pl acenent apparatus is the placenent apparatus directly

downstream of the placenent apparatus. 1) The optim zation unit 203

extracts, fromanong the 15 conponents assigned to the previous process

pl acenent apparatus, the | owest XY speed Vmn. 2 ) The optim zation unit

203 extracts, for the conponents assigned to the subsequent process

pl acenent apparattys,. all the speeds greater than the XY speed Vmn. 20 3)

The optim zation unit 203 replaces XY speed Vmn the with the extracted XY

speed. An exanpl ehef thetcorgponendtedre it hAamehi chehbher X¥sspged-tas been

repl aced by the optim zation unit 203 is shown in FTG. 23. 61 2.2

Oper ati ons I Zzat; i I; ats ihRg d i

oper at i onscggx/cglggtg%:niﬁnl%%gtl:ngﬁhigggrl gltlggt%%g, J%%%nggp ‘t hgégfl&;vﬁfrt in

FIG 24. T o i i r.ear t he pieces. of .5 component

i or mat | o8 i He B e T ot i B L AR EEE e LD B g S L BT

t hi ckness t ep, S300 and assi gns the conponents to the pl acenent

appar aﬁseéﬁ?sgéﬁcﬁ%ﬁy.aﬁ%% $ midSRGign E’ﬁ’ 53 A ety SpRA TGt US

previous process placenent apparatus and a subsequent process placenent' 10

appar at us P2BEepnSB2 piecefoR|qoreasponfened riguRrireiprs it tidte (ttcdp

S303), the processing ends. If any sets remain that have not yet been

sel ected (csleplssd@),unhe iopentmifzoad dvy duhiet t268 extewlkdsiof nom@amang t he

conponents assigned to the previous process placenent apparatus, 15 that

havi ng t heihotket pX¥capeédc¥iiraspoatiepc8304fpbrmagidnextracts , from anong

t he conponents assigned to the subsequent process placenent apparatus, al

speed hi gher thagpiheexdnepPgpfa¥atios(eype £3822> The optim zation unit 203

then replaces the XY speed Vmn with thé extracted XY speed ( step S306 ) ,

and repurns 20 tQgSLgp,p302 ﬂ;ﬂ:?]r ep,eaéhrébrﬁﬂa%’e%%ﬁis'a%‘az%‘t%sc%@/%leusc'a%&ep‘s has
o the Iy system

been described, according t asse
is a data table that has a plurality of pieces of placement
apparatus information, each piece of which is composed of a
placement apparatus name, a type and a head count.
The placement apparatus name identifies a placement
15 apparatus.
The type is an identifier that identifies the type of
placement apparatus.
The head count indicates the number of heads on the
placement apparatus.
20 <Tact table>
As shown in FIG. 8, the tact table is a data table that
has areas for storing a plurality of pieces of component tact

information, each piece of information being composed of a

component name, a plurality of pieces of apparatus tact
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1 of the second enbodi nent, the XY speed of conponents assigned to the
subsequent process placenent apparatus is set so as not 62 to exceed the
XY speed of conponents assigned to the previous process placenent
apparatus. Therefore, the conponents placed by the previous process

pl acement apparatus do not nove fromtheir predeterm ned positions or
protrude fromthe circuit board 5 during the placing operations by the
subsequent process placenent apparatus. Note that instead of the described
novenent tinme, the optim zation apparatus may control using tact

i nformat i onnébrinheionr cantt boaodaihen the el ectroni c conponents are pl aced.
10 3. Third Enbodi nent The assenbly system 1 of the third enbodi nent has
the sane structugpgcRidr: asseshbyneyst eard Oirdhefidslcakedidmiy oThe
foll owi ng focuses on describing the points that differ fromthe assenbly
system1l o fLES i e+hLgRhs nment nmachi ne 124,
as shown i% E?Ef gg,éﬁﬁgggg%gﬁg%%gég ggegg% géﬁeeﬁgppéggﬁfty of parts
cassettes are pr?vided aligngd in paral%ek.in thg co gnent feedgr 301.
Each parts cassette SUPRTTERCa Paft FeGPEF t§Pe o Y%%gg n&RtPOHB conmponent
feeder 301 noves jn a left-right direction in the 20 drawing, this

di recti®on being T&FBLEEG A2 BRATREUS TRT LR f OFMaFhRD ARgHICSERMBEAREReNt
machi ne 124 further includes a rotary head 302. The rotary head 302 picks
up a conpobeff 2pdne opbapemertchiBette, when in suction position, rotates a
hal f-turn, and places the picked up conponent in a placenent position on 63
the circuit boarth80®xidsun hmatotia yhreahcd3d2stepdapedisybpiecksmes dod

pl aces conponents , the components are successively placed on the circuit
board 303.pbckheg cgraet efdnpdient "HirougiCto peleingoftheheosbbaknt beard
303 indicate conponents, and the arrows on the circuit board 303 indicate

the order pe ‘Mﬁ%ﬂthﬁoﬁi?ﬁpoél‘@@ti% e tRbAced thd LastrustiL %n‘i%dﬁlcﬁgce.

optim zati on apparatus 200 ( I nformati on storage unit 205

i nforggtion st Or Qe pligictEm%QﬁEE @fl‘ﬁeaisrr%ﬂ%ngr%uﬁé%f ttﬁmserequired for one

task. A task denotes a sequence of component placing operations
consisting of (a) the placement head moving to the component
feeder and picking up electronic components, (b) the placement
head moving at a set speed in a photographic range of the
15 recognition camera, and the recognition camera performing
recognition scanning for photographing all electronic
components picked up by the placement head, and (c) the placement
head placing the electronic components on the circuit board.
The component count indicates how many components
20 identified by the component name are to be placed on the circuit
board.
<Component placement table>
As shown in FIG. 10, the component placement table is a

data table that has areas for storing a plurality of pieces of
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The novenent tact table, as shown in FIG 26, has an area for storing a
plurality of pieces sets of information, each set consisting of a conponent
name, an XY novenent anmount, a XY novenent tact, a Z novenent anount, a Z
novenent tact, a return 15 tact, and a total novenent tact. Each set
corresponds to one of the conponents placed on the circuit board. The
conponent nane ,s for identifying a conponent. The XY novenent anobunt

i ndi cates a di stance, when placing a conponent, fromthe position where the
previ ously placed 20 conponent was placed to the position where the current
conponent temponbetppasedmedheiXYomaenent tact is the tinme required for
the head to nove the distance indicated by the XY novenent anount. The Z

novement anount kAeh Gat&Se Q)ﬂicﬁinﬁi&%ntthgllabbﬁle@‘t ingorpaResh igedarerDVeES
in the Z direction when a conponent to be placed differs in type to the

Pr evi ous! ¥ pliakemoarpanspke oM 34akaal p1ABLABRENERAT haacAssELLE that

supplies the previously aced conponent 1s in the suction position of the
5 head, sooghat he_parts casseite_ that augplées t he cgngonent to be placed
is in the QUCtTBH Phstt rERPCHRRE AV eiRht % t 2et PEeERe“tM'%e required for

t he conponent feeder to nove the distance indiqated,%y t he Z novenent
amount 2 The ret Ut t REBCPREREatRP I adiUst ARBS WHER td td&fpcheRt 22OMERAL has

been presently placed differs in type to the conponent previously placed,

t hat the caPpodherisfeeder noves in the Z direction froma state in which
the parts cassette that supplies the presently placed conponent is in the
suction positionrld compoheat rsme had i ¢diee pahenawse et aongmtersupphiced t he
previ ously 15 placed conponent is in the suction position. The total
movenent tiegtheladdmentcappakratad idenaridiied by thiee foddrem thgppapaeasi on.
total novenent tact = {(XY novenent tact), ((Z novenent tact)+(return
tact)*2)} R20nd?2) Optim zation unit 203 The optim zation unit 203 rearranges
t he pi eces of component information included in the conponent name |i st

L A3 e 19 S S AR kel e LA SELLIR 20 SRR o
time required to place the component.
When a piece of component placement information includes
a plurality of sets of a component name and placement time, the
setsarearranged in the piece of component placement information
15 in a manner that indicates the order in which the components
are placed.
The total placement time is a total value of each placement
time in the pieces of component placement information.
(2) Optimization unit 203
20 The optimization unit 203 provisionally calculates a tact
table described later.
Next, the optimization unit 203 repeatedly performs

component assignment processing described later and tact table

calculation processing described later, a designated number of
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i nformati on has been rearranged in ascending order of placenent tact, into
a plurality of groups of pieces of conponent information having the sane
pl acenent time . Each group is assigned to a placenent apparatus. Here, the
group with the 5 shortest placenment tine is assigned to the placenent
apparatus closest to the upstreamend. Next, the optim zation unit 203
rearranges the conponent information in each group in descendi ng order of
t he conponent count. Next, the optim zation unit 203 finds a conponent RO
10 cl osest to the home position of the head, fromanong the first group of
conponent stamsesgned to the upstream nost pl acenent apparatus. Next, the
optim zation unit 203 repeats the follow ng for each remai ni ng conponent.
15 1) The optim zaki Opt Ui tal0sn calicUbaleshan XdpSRYEAER tpaniikihs fawaip t he
conmponent RO for all other conponents. 2) The optim zation unit 203

cal cul at espﬁacégs@Hg@%rﬂk%@lii@f%@tfa@t el OLREEL ERPPBASH e st Inglhe

optim zation unit 203 calculates a Z novenent anount 20 from RO for adll

h oo ‘ .
Cact trom erphivet LatRe, °F afh 28a 8 o2l R GHES) PR (BRI
tn.tact from

cal cul ates ret . g&%@.r.a 1 ot her conmponents. 66 ., 6_) The
opti mi Pat | BREUAPEB454 ELPRUFAL bs2d { ISR RHERRE (ot fortay i Hass
conponents, according to the foll ow ng expression. total novenent tact =
Max { ( XY-AdOehmdiereusly cafjculatpgvbipattart agndwhepukhe tllarg £aat 7)
The optim zation unit 203 selects the | owest total novenent tact from anong
t he novenehs leastthamgthe Previpuisiyzalionlaired 1208 tegrinetdthe paprafrsom RO
to the conponent Rl that corresponds to the selected total novenent 10
tact. 9 ) The optTarzatabbeuptrdv2Od3oselscabheutanponent RL as the conponent
RO. Next, when a path that causes a loss in tact exists, the

The optimization unit 203 performs the following

10 processing, for each placement apparatus.

1) The optimization unit 203 reads the placement apparatus
name from the placement apparatus type table, and reads the type
and head count corresponding to the read placement apparatus
name from the placement apparatus type table.

15 2) Next, the optimization unit 203 reads the tact
calculation unit name corresponding to the read placement
apparatus name from the tact calculation unit correspondence
table, and selects the tact calculation unit.

3) Next, the optimization unit 203 repeatedly performs

20 the following processing for each component name placed on the
circuit board.

3)-1 The optimization unit 203 reads the maximum tact and

the component count corresponding to the placement apparatus

and the component name from the tact table, reads the type and
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optim zation unit 203 divides the path, thereby generating a 15 plurality
of clusters, and re-connects the divided path so that the tact is a

m nimum 3.2 QOperations by the optim zation apparatus 200 The fol |l owi ng
descri bes operations by the optim zation apparatus 200, with use of the
flowcharts in FIGs. 27 to 28. 20 The optim zation unit 203 rearranges the
pi eces of conponent information in the conponent nanme list, into ascending
order of placenent tact (step S321), assigns the pieces of conponent
information in the conponent nane list into a plurality of groups, thereby
groupi ng t heecbheapdneptst wiohresspeding ote a6 P lagqemenempaapiaratioses
(step S322), and, within each group, rearranges the pieces of conponent

i nf or mat i obhé nd Da ceBELD Hpth 108 t9peC QAPARENANE ablNt p 5§ efhS3ddponidedtt , the
optim zation unit 203 finds the conponent RO5 closest to the home position

of the heagamf! o ARG rfAe tGORDOPRA SodpbAdie Iddustt , IEAUPL {5 B4l The
optim zation unit 203 then judges whether or not any conponents remain, and

wh i 3 | t t
then '8 CoRORET LATRL 08 ban 3028l SALGULBLER L. XY PYeaERL g
cal cul ates tfe Y. nmovenent tact fromRO for all of the other conponents

(step %3273? CutehrgPel™the z noverment anount from RO for all of the other

conponents (steps S328), calculates the Z novenent tact from RO for all of
the ot her conpondhid Thstesimzajionngitdtlracesves thelaeement dmef r om
RO for all of the other conponents ( step S330). Next, the optim zation
unit 203 cateutaedsatheatonhit hovumitviathe fonvegshoofunite an@erites
conponents according to the foll ow ng expression. 20 total novenent tact =
Max { (XY thoy eeeeti viegich 13 cemént tZmenwetrhnta teact P Gtetriny ths bl a2pRenst ep
S331) Next, the optim zation unit 203 selects the | owest total novenent

tact fromaimagthhe GIrGdspRGIOVEMERE (RabDnestehawsB2ahd, ptareaehs a
path from RO to the conponent Rl correspondi ng 68 to the selected total

pl acemgnt 4 364+4d646PiS38R - tact table.

FIG. 9 shows oneexampleof the tact table towhichplacement
times have been written by the optimization unit 203. The parts
shown with white characters in FIG. 9 indicate placement times
written according to the above-described processing.

15 <Component assignment>

The optimizationunit 203 assigns components that canonly
be placed by a particular placement apparatus to that placement
apparatus, writes the component name and placement time to the
component placement table, calculates a total placement time

20 for the placement apparatus towhich the components are assigned,
and writes the total placement time to the component placement
table.

FIG. 10 shows an example of the component placement table

to which the optimization unit 203 has written component names
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The optim zation unit 203 then sets the conponent Rl as the conponent RO (
step S334 ) , and returns to step S325 to repeat the processing. 5 The
optim zation unit 203 judges whether or not any renmai ni ng conponents exi st,
and when no renai ning conponents exist ( step S325 ) , and when a path that
is a cause of tact |loss exists (step S335 ) , divides the path into a
plurality of clusters (step S336 ) , and reconnects the divided path so
that the tact 10 is a mininum (step S337 ) . The optim zation unit 203 then
ends the processing. Wien no path that is a cause of tact |oss exists (step
S335), theofptompaadrtontiaktc20drdndbet it ged bgssipartidd LZopthusmentl5 As
has been descri bed, by determ ning the placenent order of conponents based
on a Z novgppRtatas) sl thd glbRmrcad! thifeadehdi &Nt 0 AheXpaFRERRBmt act ,

| arge noves In the Z direction can be reduced. 3.4 Mdification 20 The

foll ow ng j t I ' . hi

enbodi mont A 35 R Bt Hho Lo s orary Pead Rk R SFSpead

pl acenent pachine 124 af seeg fr9H1unde ngath the rotary head. A rotary
head RLOL TSCSROWAT| RO FreS SD9VF ndgo S APECab PPRESHES " 14. The rotary head
R101 raotates in a clockw se direction on a point Pl1l. The rotarX head R101
has ei ght nozzl e¥exfq, tha orhamizafagn ungt 203 repeais fhet fRL1PWINgt he
nozzle N11 is positioned at a suction point P1, and the nozzle N15 is

posi t i onedraPcassipy Foameema polng RMpOisa tifozhé b VA pptlealpagséenpdnent A
(component nunber Al), the nozzle N13 picks up a conponent A (conponent
nunber A2 o, aapbtatémemozapeatNiRupli cks up a conponent A ( conponent nunber
A3 ) . At the time t4 , the nozzle N11 is about to pick up a conponent 10 B

(conmponent nunber) Bithe K& imizstiws aniet g3 healeBEO? tiie aplhaBméStaf t er
the rotary has rotated a half turn. At the tinme t8, the nozzle N11 is in

the pl acenppbaposhs i dy Fey @M 158802262 N5 Sehdnt heifECct i on position
P1. 15 The nozzle N11 is about to place a conponent B ( conponent nunber
Bl) ORpa circui t2 )beﬁéqutimization unit 203 selects a remaining component
that is at the top of the tact table.
3) Theoptimizationunit 203 assigns the selected component
to the selected placement apparatus, and writes the component
name and placement time to the component placement table.

15 4) Theoptimizationunit 203 calculatesthetotal placement
time of the placement apparatus to which the component has been
assigned, and writes the total placement time to the comnonent
placement table.

FIG. 11 shows an example of the component placement table

20 in FIG. 10 towhich the optimization unit 203 has further written
one set of a component name and a placement time. The part shown
with white characters in FIG. 11 indicates the component name

and the placement time written according to the above-described

processing.
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FIB. 31 is a tinme chart show ng novenent of the conponent feeder in the Z
direction and changes in the state of conponents that are picked up and
conponents that are placed, with the lapse 20 of tine. At tines t0O to t3,

t he conponent feeder is positioned so that the nozzle at the suction point
can pick up a conponent A fromthe parts cassette that supplies conponents
A. At tl, the nozzle N14 picks up a conponent A (conponent 70 nunber Al).
At t2, the nozzle N13 picks up a conponent A (conponent number A2). At t3,
t he nozzle N12 picks up a conponent A (conponent 5 number A3). At tines t3

to t4, the conporest fEedeisndyese@lichat tHecbapahentdtpldwesaict i@ 1Roi nt
can pick up a conponent B fromthe parts cassette that supplies conponents

B. At tine;il3zcthe w%ﬁheh%ﬁbemiy&fﬁmmwm és(ff]a @,9&;%%11“””*)“

Bl). At time t5, before whic e rotary has rotate turn fromtl,

t he nozzl e co nen component_.nunber _Al) on the circuit
board. Si mtﬂéﬁ%@%fé %t ?Jrfreas%%p§ﬁ%n£7‘§a“%eg§n§o%ﬂleasceﬁr}eélcte%%%ﬁ'pon it €215 A on
the circuit board, At tine t8, before which e.rotary has rotated a half
b 11 om SOV HhIg N R AR EEEE Sat bothoncr: ROt CBLGOARI CRERGEEAEL) on
the circuit board. As described, the Z novenent tact has a further delay
equal 20 tBamBe ABAf ERen Diacemenrbt drine considdirint 1I3gcanditge i r ghe
enbodi ment, when cal culating the Z novenent tact, the optim zation unit 203
may furthepbauwd-dbhecribedt gkenekeing.half turn of the rotary. Wen
calculating the total novenent tact, the optimzation unit 203 uses the Z
71 novenent taeictha shaekbugieexhhe 1kl o they campahbnt Wi dmddtetedliary .

4. Fourth Enbodi ment The assenbly system 1l of the fourth enbodi nent has the
same strucyHes t&s Jita MMl yusyebeimb«afi divhdd 5851 APRELBRBbnents .
<Tact table calculation>
10 The optimization wunit 203 performs the following
processing for each placement apparatus.
1) The optimization unit 203 selects a tact calculation
unit.
2) The optimization unit 203 obtains from the component
15 table the X coordinate value, the Y coordinate value, the angle
6, the XY speed, the camera, the nozzle, and the head speed for
all components assigned to the placement apparatns, and outputs
the all obtained X coordinate values, Y coordinatevalues, angles
0, XY speeds, cameras, nozzles, and head speeds to the conversion
20 unit that corresponds to the selected tact calculation unit.
3) The optimization unit 203 receives the total placement
time from the tact calculation unit via the conversion unit.

4) The optimization unit 203 performs the following

processing for each component name to be placed on the circuit
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5 The foll ow ng focuses on describing the points that differ fromthe
assenbly system 1l of the first enbodi nent. The nultifunctional placenent
machi ne 125, as shown in FIG 32, includes a conponent feeder tray 401.
Conmponents of one type are arranged on the conponent feeder tray 401. One
10 type of conponent is supplied fromthe feeder tray 40l feeds the
conponents . A conponent feeder ( not illustrated ) noves one of a
plurality of conmponent feeder trays to a suction position of a head 4Q .
The direction in which the conponent feeder tray noves is referred to as
the Z axi sboiardThe nul tifunctional placenment machi ne 125 includes a head
402 . The head 402 is provided with a plurality of nozzles . Each nozzl e,

when in a SUCtiOQ)PQSTEéQﬁnth%%%jHﬁ1én@@ﬁﬂ?ﬂ%ﬁhchﬁ%%b%nﬁhgftéé%ﬂﬁgﬁﬂq
supply trays 401. The mul tifunction placenment machine 125 further 1 ncl udes

20 a caner 0 f picki a conmponent, the head 402 noves across a
photograph?gérgﬁégo%g&goF%§%§g8§§8ra 403, and then, in the placenent

position, places th%_congonent on the ci£c it board 405. 7 As the rotary
head 302 repeat elif§hi EKSPBBRERE PPARESCEO %H@ﬁﬁ?,/é(ﬁQE%iiq%PQﬁr of
conmponents are successively placed on the circuit board 303. The characters
A, B, G efeMPIRBRASoRIHINES ctiPt Wsar BLaCcansnt n@irpara tésnpoherfttotathe
arrows shown in the drawi ng indicate the path al ong which the head 402
nmoves. 4. 1pberepentetdfmedhe optim zati on apparatus 200 (1) Information
storage unit 205 The information storage unit 205 has a conponent nane
list, 10 a Z axié$)t2sthe applintabttiypnainiak il oseswratés e praaen®nihepoi nt
list, a maxi munZ coordinate list, a task pair list, and a placenent order

list. <ConpoeentaBpd® HatSk3rFB8p6aARONE ihd@NBckheht ASpSPAWEs idn®NG e
exanple in FIG. 15 33 , stores a plurality of pieces o? conponent nane

infornatiogom§ﬁﬁgngf %@EﬁhﬁhgCEH?SEthEB”EQBEUt name, a conponent count, a
er

nozzl e, and o Ifens.” The conponent name identifies a conponent. The

Lndi h f 0 I d. h
Ci oot board,  THEC hogdi LT eRerbl &, SENGTRa Y oLt ope GP e <z

axis list> . . . . .
according to the optimization unit 203 performing the

above~described tact table calculation processing. The parts
shown with white characters in FIG. 14 indicate the placement
times written according to the above-described processing.
15 <Swap processing>
The aptimization unit 203 selects, from the component
placement table, a placement apparatus Px that has the greatest
total placement time, and selects one component name Nx assigned
to the selected placement apparatus Px. Next, the optimization
20 unit 203 selects another placement apparatus Py, and selects
one component name Ny assigned to the selected placement
apparatus Py. The optimization unit 203 then writes the
component name Nx and the component name Ny in place of each

other in the component placement table.
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The Z axis list, as shown in one exanple in FIG. 35 , includes an area for
storing a plurality of pieces of Z axis information, 73 each piece of Z
axis information consisting of a conponent nane and a Z coordi nate. The
conponent nane identifies a conponent. The Z coordinate indicates a
position of a parts cassette 5 or a tray in the conponent feeder that feeds
t he conponent shown by the.correspondi ng conponent nane. <Task |ist> Each
task list, as shown in one exanple in FIG 37, has an area for storing a
task nunber and a plurality of pieces of 10 task information. Here, a task

denotes a series(9f opgrattons cANssSbbpgtef 2pst he placenent head noving to
t he conponent feeder, picking up a plurality of electronic conponents, and

then noving at apfgt -SREEAS AGHO§F: LNGoRNALAAE BRI G EARAS Oha! S JrEGeENi tion
h P the e

15 canera; the recognition canera photographing a ectronic

conponents_pj cked by t he cenent head:; and the placenment heaqi_O |_.aci ng
t he pIural?gél%%zggg89r%%+E:ggﬁp8ﬁgﬁf Q@n%Pﬁer%??%ﬂ?$ %&éﬁ%ﬁa%%%% ($§Cenent
apparatus pl aces conponents on_a circuit board hy executin flurality of

Choks. 20 EEBR thak 1P COMPAE] Mo ¥ iieEbE BACHICAAENIRLHO% Bk &% 8ddal in

nunber to the nozzles of the placenent head. The task nunber is for

i denti Byi ngutpetsddie cRagerpedcen HPrnaskonfioimgt Faat igwsl Aest opluadénent
order, a component nane, a conmponent nunber, an X coordi nate val ue, 74 a
Y coordi na2@9val ue, a Z coordi nate value, and other itens. The pl acenent
order indicates a position in an order in which conponents corresponding to

the placenment inf@FfBRé+AOral €nhpl@ittbtdl ddant 8906 feddtv€oTpEFRSREa thHE
identifies a conmponent to be placed . The conponent nunber identifies a

component . £ 1he Xneoqrdinal e M3l 44e; S dy X1 €000 NSV LS tHe HRRREGEAvel Y,
the X coordinate value and the Y coordinate value of the position in which

the Conponf££o£ﬁa9£§8qg3%nt§98'§ﬂ£énfstcompatible with the optimization

10 unit 203, and outputs the converted information to the
optimization unit 203.
The conversion unit 207 and 208 are the same as the
conversion unit 206, and therefore are not described here.
(4) Tact calculation unit 209 to 211
15 The tact calculation unit 209 receives a component name,
a maximum tact, a component count, a type and a head count from
the optimization unit 203 via the conversion unit 206.
1) When the type is “rotary” or “1 by 1 robot”, the tact
calculation unit 209 calculates the placement time according
20 to the following expression.
placement time = maximum tact of component indicated by
received component name * received component count
Here, the maximum tact of the component indicated by the

received component name 1is stored in advance by the tact
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10 board. The Z coordinate value indicates the position of the cassette or
the tray, in the conponent feeder, that feeds the conponent. <Final

pl acenent point |list> 15 The final placenent point |ist, as shown in one
exanple in FIG 38, includes an area for storing a plurality of pieces of
final placenment point information, each piece of final placenent point

i nformati on consisting of a task nunber and a final placenent point X
coordi nate value. 20 The task nunber identifies a task. The final placenent
poi nt X coordi nate val ue indicates the X value coordinate of the position
in which thkellculiatdonconmponrent, 4amnd tizethask citsbphaeefl a0ehdet Gigpatatt usoar d.
<Maxi mum Z coordi nate list> 75 The maxi num Z coordinate list, as shown in

one exanpl @drekbEnd3fdg ikBCkudesan %%Q%uﬁQEl%hoth& @O@Iural|ty of pieces
of maxi mum Z coordi naté i nformation, each piece of maxi mum Z coor di nat e

i nfornati on consbzgw?gPth% %ﬁiﬁanﬂgﬁﬁélﬁ“Ekéh ?né GOOEﬂIﬂ%%% val ue.

The task nunber i €S a e HBXIHUWI e’value i'ndi cat es
the greatest

oordi nate v t he co rdlnate values i ndicatin
the positi Gl 1ateaBchEs SpYaclSytrtet 1 &?ﬂﬁoqﬁm Srereiagk pai r

list> The task pair _list, as shomn in one exanple in FIG. 40 |ncludes a
pluralily &P jphecé9lePviagk SFRELSEAPSrmati on, each of which includes .a
variable a, a forner task nunber and a latter task number. 15 The variable
a is a variabl e p$adenantetiyna oprompeaehbreamitefhead desortiloédting @er The
former task nunmber identifies a task perforned before a latter task. The

| atter taskasinber identifies the task perfornmed 20 subsequent to the
former task. <Pl acenent order |ist> The placenent order list, as shown in

one exanpl e in FhBre, 4thel Suat abi»a@k@té hat storesaiddes nat r@niandigcat i ng
the order in which tasks are executed
operation. Furthermore, the time per task is stored in advance
10 by the tact calculation unit 209, and is the tact of the placement
apparatus corresponding to the tact calculation unit 209.
Furthermore, on receiving a plurality of component names,
the tact calculation unit 209 calculates the placement time for
each component name in the manner described above, totals the
15 calculated placement times, and sets the total value as the
placement time.
Next, the tact calculationunit 209 outputs the calculated
placement time to the optimization unit 203 via the conversion
unit 206.
20 The tact calculation units 210 and 211 are the same as
the tact calculation unit 209, and therefore are not described
here.

(5) Display unit 201, input unit 202, and

transmission/reception unit 204

48



76 The pl acenent order list includes an area for storing a plurality of

pi eces of placenent order information, each of which consists of a

pl acenent order and a task nunber. The placenent order indicates the
position of the task 5 in the order of execution by the placenent

apparatus. The task nunber identifies the task. (2) Optimzation unit 203
The optim zation unit 203 rearranges the pieces of conponent nane
information in the conponent nane list stored 10 in the information storage
unit 205, into descending order of conmponent count. The conponent name |i st
rearranged in deggenthpgr OigEf 02 GHMRARRY et JfS asheyerhiibhGrraa.

Next, the optim zation unit 203 cal cul ates an average X coordi nate val ue Xm
and an ave e oor gi,pa I ; heg s L, culs for e
R P i A i e S R N
foll owi ng expressions. ,<Expressions>.Xm=_{XO + X1 + ... +.Xp}/n_Ym= {YO +
W R g R R O w2 by RS Shect FTEr BB BRen
are to be placed on the circuit board, FIG . 34 shows a planar view of a
circuit bogPBlmPIeAFPE . the SR&IEIZARLIGNCAIE T n2QAi &° iUtk BBAPBAEAPE

i ndi cated by the conponent nane A are placed on the circuit board 421,
positi &ns FgparaBuse®. 434 of the conponents placed on the circuit board,
and a position 422 indicated by an X coordi nate value Xmand a Y coordi nate
val ue Ym cal cul at etl Uséngt tbes abpr ehendp Dielz@kpoessppasatNex200f or each
conponent in the order that the 5 conponent nane information is stored in
the conmponent nare | il Loy aksdtn inged ol rahe cepenene bptinibetpbaced in
a position indicated by the cal cul ated X coordi nate value Xmand Y

coor di nat ey yal Her Yen oghe optim zation unit 203 determnes the Z coordinate
val ue of the parts cassette or tray in the conponent feeder, 10 so that
novenment in the di | i 0. pi he.,c o] i ittle
25 possi bl o. Next ! (eI BBy SER L pP S ot v RERCEFElmy 2aBEgh

coord&%ateagggégkﬁg 5@8 Z axis |list,

The following describes an outline of operations by the
optimization apparatus 200, with use of the flowchart in FIG.
15.

The optimization unit 203 provisionally calculates the

15 tact table (step S101).

Next, the optimizationunit 203 setsavaluel inavariable
i(stepS102), compares the variable i with the designated number
of times, and when the variable i is equal to or less than the
designated number of times (step S103), the optimization unit

20 203 performs component assignment (step S104), calculates the
tact table (step S105), and adds a value 1 to the variable 1
(step 8106). The optimization unit 203 then returns to step
S103 and repeats the processing.

When the variable i is greater than the designated number

49



in correspondence with the conponent indicating the conponent. FIG. 3 5
shows an exanple of a Z axis |list generated in this way . 15 As descri bed,
the optim zation unit 203 determ nes the Z coordinate val ue for each
conponent in the order in which the conponent nane information is stored in
t he conponent name list, and therefore the Z coordinate value is set such
that the greater the conponent count of the type, the | ess novenent by the
conponent 20 feeder in the Z axis direction. Next, the optimzation unit
203 generates a plurality of groups by rearrangi ng the conmponent nane

i nf ormati onfi achededsicapt BEOBPNPORENspDamEz AL Sén RECOrTY NGt theydmazzl e or
tool included in the conponent nanme information . FIG. 36 shows the 78

conponent nage t+hstvdMiawi&h the goBRENSNt BARR LAT ORIBLd O RS Peen b
rearranged in this way. Here, conponent 'nane rnformation that 1 ncludes

nozzle ' S'ehQTdes BL:MPed n FRLROOPTY AT hANAIPE LRV AL 1 0G) oS, N9z 2! €

"M fornms group Z,” and conponen name I1n ron t Ihel'udes hiozzl e
"L" forms group.3. t, the optimzatjon unit 3 generates lurality of
Lask 11 5t s By ST Pt RS SRS SOrEAE RETPEF S6 T EenbBLERIS| ML he he
conponent table., An exanple of a generated task list is showmn .in FIG 37.
10 Next, tARCABLAALISR Wl tRPE PRV et SRR C9e T B teRCHL W2 zIad or
for each cassette/tray, according to return optim zation. Details of return
optimi zat i enlandatescthddddietahieNextep 14 0dpt | Nexht itdre opittind & tiiands,

for each group, 15 a point on which the group can be nost quickly placed on

the circuitnbboa2@B jandezowhethsrtde noasshet Bipatth canda s ke dreays 9@t lind
<Cperations for path determ nation according to return optim zation> The

f ol I'owi ng ﬁh@éﬁlt'&ﬂéelsir_&peéatﬁq@@&ié&ké&b‘é&?ét@b%@tﬂl?') S dHhé 293kels Aalgh
determ nation according to return optim zation. The optim zation unit 203,

on 1", L, MRt e denaiheial il Tomd e sask gt o
task, jgenefales £412), PLASFM m P oh QLIRS L LAY S8 9F L P§nE°
variable i (step S112), and returns to step S108 and repeats
the processing.
When the variable i is greater than the designated number
of times (step S108), the optimization unit 203 ends the
15 processing.
(2) Operations for provisional calculation of the tact
table
The following describes operations for provisional
calculation of the tact table, with use of the flowchart in FIG.
20 1l6. Theoperations forprovisional calculationof the tact table
described here are the details of step S101 of FIG. 15.
The optimization unit 203 repeats steps S131 to S146 for

each placement apparatus.

The optimization unit 203 reads a placement apparatus name
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task nunber identifying the task and the extracted X coordinate val ue, and
wites the generated f final placenment point information to the final

pl acenent point |list. Next, the optimzation unit 203 rearranges the final
5 placement point information in the final placenent point list, so as to
be in descendi ng order of X coordinate value of the final placenment point,
and overwites the fornmer final placenent point list with the final

pl acenent point list in which the final placenent point information has
been rearranged. An exanple 10 of the final placenent point list is shown

in FIG 38srd@Xthe phea cepfchni &ﬁbh@ﬁtualﬁﬁz}?&%abfl@zr (88€ep $8sK), fddischhg
maxi mum Z coordi nate value in the task list corresponding to the task, and

et ty.“ﬁgﬂf@ﬁ{é???séngﬁﬁé?*33’%‘%%3?‘%3#%5%5(;o o tngtﬁst 3%?01”5@%“‘%“

Thi s way. FPEe 360 AR o mFn o b CERE™ ek A 2.2 GO MR T {GEoEThe

optim zation unit 203 then rearranges the maxi mum Z coordinate information
in the maxPh8i Z coordinate list, so as to be in descending order of 20
maxi mum Z coordi nate, and rewites the fornmer maxi mum Z coordinate |i st
with tBe maxi nuniexeothgiorttianiiatiomunhidd X readakheuaZt cadrdilagien

i nformati on has been arranged. Next, the optimzation unit 203 repeatedly

execut es timeit aldmwicey raspeeskingg twhihe rexd griwddament hepaatsitald eame,
starting 80 from1, until the variable a reaches a value equal to the

task nunmbefrom thefhr-Ophiguzatien uilit c3PBespbsdéhee trask o, demd sbiledtBy t he
task nunmber included in the f final placenent point information 5 that is

the a-th |@héh@a%tn@él@ufggﬂggtuggtngskéﬁt51§§2the former task in the a-th

task pair ) The optlnlzatlon unit 203 sets the task |dent|f|ed by the

task nunber i nclﬂge L0 %tm%)ﬁ' H}{ﬂzzé:é)%lgl 2@(%@?%,9&8 %ﬁggst he

a-th in the maxi wum Z ¢coordinate T'ist’, as't

t ask The zat i gn unit 203 generates task pai |nfornat|on
S BRI ERIEL LIRS AR P AN EO%B@PC%?H.%F&FF&%H he
fornmer task, and the latter task nunber that ,. identifies the |latter task,
and wwiteébQ%%dgenerated task pair 15 information to the task pair |ist.

The optimization unit 203 reads the maximum tact and the
component count corresponding to the placement apparatus and
the component name, from the tact table, and reads the type and

15 head number corresponding to the placement apparatus, from the
placement apparatus type table (step S136). The optimization
unit 203 then outputs the crmponent name, the maximum tact, the
component count, the type and the head count to the conversion
unit corresponding to the selected tact calculation unit (step

20 S137).

The conversion unit converts the received component name,
maximum téct, component count, type, and head count, thereby
generating a component name, a maximum tact, a component count,

a type and a head count in a data type compatible with the selected
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Next, the optim zation unit 203 extracts, fromeach task list, the piece of
task information that is last in the placenent order, and then extracts,
fromthe plurality of pieces of extracted task information, the piece of
task information that 20 has the greatest X coordi nate value. The

optim zation unit 203 assigns the position "1" in the placenent order to
the task identified by the task nunber in the task list in the extracted

pi eces of task information, generates task order information consisting of
the task nunber and the position "1" , and wites 81 t he generated

pl acement esgercd dradidontic thady saemynt agadentbust. thexgenthgted
optim zation unit 203 repeatedly executes the foll ow ng processing while

i ncr ement i fgnbhee YardAR € ndxBhuh PadtardtdmSohs M douttf idyllahasksafave,
been assigned a position in the placenent order. 1) The optim zation unit

been assi pl aceres ) Th ation uni
the pl acergitor dartit 1T he b St St fon SOt EM T B980T 2 O

unit 203 finds, fromthe task list, the task pair information_ that jncludes
the former task Mfbérlegdsd fyRAG t ?%ﬁ?&&gﬁaéﬁyﬂih@g&8Pﬁ8Fe§asEh%eing
the task identified by the found task nunber. 3 ) The optim zation unit 203
fi nds fhe phagementyingbhasaed anthediaasiey odermPeRERE pame Ryt eh: 4)
The optim zation unit 203 judges, using the placenent order list, whether
or not a posnpoment moplndcetgpe, oamdheagiscbean astsegrEldiG)o ahd datpetst ask
identified by the found latter task nunber. 20 5 ) -1 If a position in the
pl acenment th«slesnlbatabeenlassngad: ihdeoaid tdbFedtOhonnnt t203¢udyes) whet her
there are any unassigned tasks to which a position in the placenent order

has not been assigfedthandderdMobusht Wrsadredhs ascei®Shladentgns the
position "a+l1l" to the remai ning unassigned task having the 82 gr eat est

final placefgot e&;O%&qizgé}.t §nd53>f1‘g%l.|1{s & RO Rl e JAhReeMeRheofder has
not been assigned, 'the optimzation unit 203 assigns the position "a+l
10 the optimization unit 203 (step S143).

The optimization unit 203 then writes the received
placement time to the tact table, in an area for storing the
placement time corresponding to the component name and the
placement apparatus (step S144).

15 (3) Operations for component assignment

The following describes operations for assignment of
components. with nse of the flowchart inFIG. 17. The operations
for component assignment described here are details of step $104
of FIG. 15.

20 The optimization unit 203 assigns any components that can
only be placed by a particular placement apparatus to that
placement apparatus, and writes the component names and the

placement times to the component placement table (step S161).

The optimization unit 203 calculates the total placement time
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to the latter task. 5 Next, the optim zation unit 203 cal cul ates the
novenment anmount of the head in the following way for each task. FIG 42 is
a planar view showi ng the positional relationship between the circuit board
451 and the head 441. In FIG 42, nozzles 443, 444, etc. are provided on
the head 441. 10 The nozzles are separated from each other by an offset
450. Here it is assuned that the nozzles 443, 444 provided on the head 441
respectively pick up conponents N1 and N2, and place the conponents on

pl acement points 452 and 453 . Here, assum ng that the coordinates of the

pl acenent pdi mhe 433 carerS3ppheatbs(L80sh 260) tREcdmIOhe #OD)have been
respectively, the novenent anount 0X of a central poi nt 442 of the head in

the X direelamang LA FRYEIBRNARBURL pladndnfadkoPOhI AL Ne

head in the Y direction are, respectivel y, ~X =

pl acenent N cQ 20 of placenment point N1 - offset =
200 - 100 Eg %%ﬁ% %ekdéV 5%% d%ﬁ% of pl acenent point of N2 - Y

coordi nat e of pI cemen N1 =.200 -.200 =0 1nt way, the
optini zati on un| IEEE attljr@nrr‘b’(}?sﬁe%"ﬂ?’ ANGgRE }F@Yé’én’f’%F Yo nt of
t he head taking the of fset 83 into account. Next, the optim zation unit

203 calTul ZEB81R10G: sPmPPnspteheohet mevdmnad Aroany of tie nlasiememext
the optim zation unit 203 sets the value of a variable 5 task2 to 1, sets a
vari abl e t apkaratusesr eabst, taask 2f nok) ( stapciil @ ps eadsoveeprtiocamxintg of t he
head for each task, and calculates a total novenent anmount ol ength of the

head for all tasks. ahNgxirembheinpttompehénts ubt 28 sywimmddeaplasermnt
order 10 of taskl and task2, cal cul ates the head novenent anopunt for each

task, and egk }ﬁi@&@ﬁeﬁtt%@éri‘@ﬁé@@x1%@@m:eﬁl gngsh, ofnd %tfl%adzaftq @11
tasks. Next, e optlnlzatlon unit 203 conpares the total ol ength wth the

e T Y PSS S R e it
o enatly <. Leg gl el plannt, s enti s, i
from the top of the tact table (step S165), assigns the selected
component to the selected placement apparatus and writes the
component name and the placement time to the component placement
table (step S166). The optimization unit 203 then calculates
15 the total placement time for the placement apparatus to which
the component has been assigned, and writes the total placement
time to the component placement table (step S5167).
Next the optimization unit 203 returns to step 8163 and
repeats the processing.
20 (4) Operations for tact table calculation
The following describes operations for calculation the
tact table, with use of the flowchart in FIG. 18. The operations

for tact table calculation described here are details of step

S105 and step S110 in FIG. 15.
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Next, the optim zation unit 203 adds 1 to the value of 20 task2, conpares
task2 with the task count, and if task2 is equal to or Less than the task
count, repeats the described processing . Wien task2 is greater than the
task count, the optim zation unit 203 adds 1 to the val ue of task2,
conpares task2 with the task count, and when task2 is equal to or less than
the task 8~ count, repeats the described processing. Wen task2 is
greater than the task count, the optimzation unit 203 cal cul ates the head
novenent anount for each task in the swapped pl acenment order, and

cal cul at es t he tDhal optoeientidn anmdunk 0B2reped he dteqebs SA8AltotaB%ks . .fd¥ext
the optim zation unit 203 conpares P2 with P1, and when P2 is | ess than P1,
substitutesaRh pihbBeR@ntabgphereats the described processing. Wien P2 is
greater than or equal to P1l, the optim zation 10 unit 203 ends the
processing. 4.2 rafd s - 1 h t4 44 [ t falsl,owi n
descri bes operat?gﬁs ‘?9?%§H%ﬁ%ﬁﬁ?ggf?g%é%%%§?33ﬁ535863§%%§ﬁaﬁ¥§?ﬁg”b °
operations by t timgzation unit, 203 15 The follow n scribges an

o0t ne_of (SEEPai s BRERHES0atRm SAr SRR b T Ehef Sk ingtE
flowchart shown in FIG 43. The optim zation unit 203 rearranges_the pieces
of conponeYi#Hamet A forGRAEIIRF T Vade® i Fhenangbfpdnente 13%SPE&H 204 to
be in descendi ng order of conponent count (step S401), cal cul ates, for each
conponent , ca2herav dhegeoval e add threherdrnaedhoi cd chist@prSAORY asddioaad nes Z
based on the average val ue cal cul ated for each conponent, and generates the
Z axis |i sto(thst phpaSd8n] appacartuan(esep [$a 83i)ecasd ol tporgsoniea obriaimed

i nformation 85 in the conponent nane |list, according to nozzle (or tool )
, thereby gergiadingra vallued!, i vYcsdr@iaps falsiekp S484ek 0, assisgreds,

pl acement point to each task, and generates a task list (step 5405). Next,

the optim zahépPRslNin, 30308t L{d Refd dMe®ACRONAAE €conPérd PbneREA L
cassette/tray, a path according to return optim zation ( step S406 ) ,

finds1dw”cg@fgsgégagng%J%ﬂ@geigcwgg¥hctcalculationunit(step8184y

The corresponding conversion unit converts all the X
coordinate values, Y coordinate values, angles 6, XY speeds,
cameras, nozzles, and head speeds, and outputs the converted
data to the tact calculation unit (step S185).

15 The selected tact calculation unit calculates a total
placement time based on all the X coordinate values, Y coordinate
values, angles 6, XY speeds, cameras, nozzles, and head speeds
(step S186), and outputs the calculated total placement time
to the conversion unit (step $187).

20 The conversionunit converts thetotal placement time (step
$188), and outputs the converted total placement time to the
optimization unit 203 (step S$189).

Next, the optimization unit 203 repeatedly performs steps

S190 to S193 for each component name place on the circuit board.
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the group can be nost quickly placed on the circuit board ( step $S407 ) ,
and connects the cassette path and the tray path (step S408). 10 (2) Path
determ ning operations according to return optim zation The foll ow ng
descri bes path determ nation operations according to return optim zati on,
with use of the flowharts in FIG 44 to FIG 48. 15 The optim zation unit
203 finds the X coordinate of the final placenent point of each task and
generates a final placenent point |ist (step 54211, rearranges the: final
pl acement point list, so as to be in descending order of X coordinates
(step S422), fi noige tdis infddaaimrZ ueder d0Bat£l ©fl 4 hes adrpanent atypedioy 20
each task and generates a maxi mum Z coordinate list ( step S423 ) , and

rearrangesc¢ hepgepssat edo pEXL Yy Z coordinate list so as to be in
descendi ng order of maxinmum Z coordinate ( step S424 ) . Next, the

optim zation uni 3 sets . t r e " S 5 t he
a-th task in theé?ggal%SF%%§%§ﬁ¥a§8?%% gg £H?i%§pé@’iﬁgoiégng%mFgEEB?n t he
a-th task pair _( ste 6 , Sets the a-th task in the Ximum Z

coor di nat eg‘P'ing’E aa%s%%be%%ﬂ %Pet Bgﬁc?ﬂe{lﬁea%eaﬁa Lk *péitrot(%qsgggcgﬂ%t) ,
adds "1" to the variable a ( step S428 ) , conpares the variable a with the
task céunttim@d 5 if ttREsRr$Ebte a is equal to or less than the task count
" ( step 5429), returns to step S426 and repeats the processing. Wen the
variable a is grietter thmogthenizstidaoumily 20B8epvesag) teshsheptirgizati on
unit 203 assigns the position "1" in the task order to the task having the
greatest fthénahcpl agpmentoiO thel il akaeartditaie d¢otepsSd3d)ng Next thehe
optim zation unit 203 sets the value of the variable a to "1" (step $431),

finds the taskehd@t dppardtud RindeochipdeeiRNEnofklertddt tthe 1 acemantner der
list (step S432), finds, fromthe task list, the pair in which the found

task is 15, %g{g@rt£@@k8§§%gpsﬁg§§), finds the latter task of the found
S whet her

pair (step , and | udg or not a position in the placenent

order _has bPPn assj gned t.0. t he ter K, - i t he pl acenent order i st

( ste&BSASS ) . ff)51%ﬁﬁﬁ?%?ﬁ?i#ﬁ%réy%#:éﬁ%%%¥§%$ er has been allocated (

step S436 ) , the optim zation unit 203 20 Lgﬂ S% e%@&&)g&agggﬁéggre are
I hot

any unassi gned tH&&<old AHNGhI§SFELPEFORPTH
been assi gned, and
with use of the flowchart in FIG. 19. The operations for swap
processing described here are details of step S109 in FIG. 15.
The optimization unit 203 selects, from the component
15 placement table, a placement apparatus Px that has the greatest
total placement time (step S211), selects one component name
Nx assigned to the selected placement apparatus Px (step S212),
selects another placement apparatus Py (step S213), and selects
one component name Ny that is assigned to the selected placement
20 apparatus Py (step S214). Next, the optimization unit writes
the component name Nx and the component name Ny in place of each
other in the component placement table (step S215).

1.5 Conclusion

According to the techniquedisclosed in Japanese Laid-open
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if any such tasks exist (step S437), assigns a position "a+l" in the

pl acenment order to the remaining task having the greatest final placenent
point X coordinate (step S438 ) , adds "1" to the 87 variable a ( step S
439 ) , and then returns to step S432 and repeats the processing. If the

| atter task has not been assigned a placenment order ( step S436 ) , the
optim zation unit 203 assigns the position "a+1l" 5 to the latter task (
step S440 ) , adds "1" to the variable a ( step S439), and then returns to
step S432 and repeats the processing. If there are no unassigned tasks
(step S437)patteme appilicaat borNainilio -203 604l cubapeachhe diead aapsertrnte Janount
for each task ( step $S441 ) , calculates a total head novenent anount 10 Pl

of all taskssiguledd €442 Jplursality h@fv?'lia@@n%ntta%péﬂaﬁ'@s"es( §5€RgS443)
sets the variable task2 to (taskl+1) (step S444), cal cul ates the héad

movenment  anpuiterf-Qh ggﬁglkj[é eﬂ:ﬁ%r%ééf%rg&%?;@g%éE%%é%ﬁaegr% d

novenment arnount ol engt tas step swaps ask?2
in the placene order st.ep 15 S447),. cal cul ates head ene anount
for each tg‘g’kr%%s?réﬁo f&e)nt,’ 3ﬁdlscglr%%}?3ﬁ%“sp aﬁsgﬁnt%o?%?tm) ér%r#tofﬁbunt

nl ength_for _all tasks (ste 49 Next, the optim zation unit 203 conpares
the total &P&ERGtLH a\/\P:ﬂgbiﬂ’g "'(%éat%g"hﬁfléﬁbq RlagRuePt RPRATIHEPEDHPEAGRL Livs
greater than 20 the total nlength (step S450), enploys the swapped

pl acement ®r@€e (thg epommgpents, | fthehetotahl Pdrergenti stinss vhah mied t ot al
nl ength (step S450), the optim zation unit 203 enpl oys the original

pl acenent oedess@stiéy Bé5&yenNbettweehe pbptenkenat appamaitiis2@3 adds "1" to
task2 (step 88 S453 ) , conpares task2 with the task count, and if task2

is equal to or |essthdastide Haask eeulbstrsbeR, A&dordingetdiithe fQ rafep
S445 and repeats the processing. If task2 is greater than the task count (

step S454 EmbobRfentOPléShgdheRts Unile 2035RMES i vE1 vl 0ak88ERed ISP tRED )

conpoares task2 and the task count, and when task2"is | es3 than or equal to

the tagk CBE?%:eﬁleﬁt_e%p?Eéﬁat)useg e%&é& 2 Sateﬁa%“%ag’i%fa t%o% h%ltl
pr ocessi ng. taskl 1's greater than the task count step 5 , the
components assigned to each placement apparatus. Therefore,
compared with the conventional technique, total placement time
are likely to be more even between placement apparatuses when
the placement apparatuses actually place the components.
15 1.6 Modifications
As shown in FIG. 20 an assembly system that is one
modification of the first embodiment is composed, similarly to
the assembly system 1, of an optimization apparatus 200b, a
high-speed placement machine 124b, a multifunction placement
20 machine 125b, amultifunction placement machine 126b, and other
production apparatuses (not illustrated).
The optimization apparatus 200b is composed of a display

unit 201, an input unit 202, an optimization unit 203, a

transmission/reception apparatus unit 204b, and an information
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10 optim zation unit 203 cal cul ates the head novenent anount for each task
in the swapped task placenent order ( step S457 ) , and cal cul ates the head
total novenent amount P2 of all tasks ( step S458). Next, the optim zation
unit 203 conpares P1 and P2, and 15 if P2 is less than P1 ( step $459 ) ,
substitutes P1 with P2 ( step S460), and returns to step S443 and repeats
the processing. If P2 is equal to or greater than P1 (step $S459), the
optim zation unit 203 ends the processing. 4.3 Conclusion 20 In this way,
according to the fourth enbodi ment, a path can be determ ned to achi eve
opti mum XYstmvegentniaskes5t aki ng nozzl e replacenent and the like into
account. Here, FIG 49 shows an exanple of the paths for the tasks when a

conventional teofwd Quegh Sspisedl pIRddmeitmah ifldG129® 88 compewsgaprexanpl e
of the paths for the tasks according to the fourth enbodi ment. Conparing

these fi g%f@hééﬁe&&”sbﬁ%e%%%”c @Hi”.‘% H@%B%Béﬁoéffé%@%?{‘fé’&.oﬁ%b*ﬂ%dt% gyi dent

according to present 1nvention. fe that the optimzation unit nmay
determ ne th osition for the,cassett r tray), of the ¢ aqnent _f eeder
for Ceach CHERHEIEST f % REPFBFF bk G himAREE S0 EEET hoRdE oA ATt T
calculate, for a cassette Z1, a total novenent path_novenent tine fraom Z1
to al | Sconpforent Fheomyf Lt AENEEABBRIACSRAR" Raqiord 1gaPntHorBResed Phe of
Z1l = E ( speed * distance i ) Here, the speed is the novenent speed of the
head, and & maLldiisfuneeion iEslathe@leditsmﬁ@etgﬁﬁwpﬁﬁéoéags@@lbiQlln©f—i©hél
conponent feeder to a conponent i of the conponent nanme A 15 The

opti m zat imeaingd ocaledwcdtres iicheompbaénpatl ha mowenerd idn nem iftoR 0dbl eadsettes
(or trays) in the sane way. Next, the optim zation unit selects the | owest

of the calrfutatedchotahapabh wReMENlOH.i Mrhe afgl tsPendfiEoasseténener
tray) corresponding to the selected total path novenent for the 20

component yofci {16 GORBONS Morp B Pof HIRueRY Fihealiban tikdndlet @nTinegathe

cassette (or tray) for other conmponents in the sane way. |If a cassette (or

{ray)1bs SelAgLad TRLeLt PARCRDGE: pthe: ARt UF A AHld Sshssianes cageette
conversion unit 208b, and a tact calculation unit 211b.

In this modification, compositional elements having the
same reference numbers as those in the first embodiment have
the same structure as the compositional element in first

15 embodiment.

The conversion units 206b, 207b, and 208b are identical
in structure to the conversion units 206, 207, and 208 of the
first embodiment. Furthermore, the tact calculationunits 209b,
210b, and 211b are identical in structure to the tact calculation

20 unit 209, 210, and 211 of the first embodiment.

The transmission/reception unit 204b performs

transmission/reception between the optimization unit 203 and

the conversion unit 206b, between the optimization unit 203 and

the conversion unit 207b, and between the optimization unit 203
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90 order of conponent count. 5. Fifth Enbodi nent The assenbly system 1 of
the fifth enbodi nent has the sanme structure as the assenbly system 1 of the
first enmbodinent. 5 The foll ow ng focuses on describing the points that
differ fromthe assenbly system 1l of the first enbodi nent. The optim zation
apparatus 200 of the fifth enbodi mrent works on the assunption that a
circuit board plane is conposed of a plurality of conmponent planes as shown
FIG 51, each of 10 which is fornmed far a different type of conponent, and
rearranges the conponent planes, determ nes an optinmal path w thin each
conponent fldanshe atvheeterah naesit heo&w der for placing the conponents on the
circuit board by generating 3D paths that connect the conponent planes. 15

5.1 Structure ofad hfsQptigdzatiinoRhakpabat¥s cd®9ohhenbobbavengidasghibes the
structure of the optim zation apparatus 200. (1) Optim zation unit 203

<Conponent,f angq aengr AL A e aft i pheat bey Wh tRD3opeant a0gesyt he

pi eces of "‘conponent nane information 1 n the conmponent nane [i st ased on XY
speed and conponent nt, .S0 as_to be.in.descending, order of XY speed and
descendi n&pﬁ%r!t‘b? %Cg#ﬂﬂhéi‘te %&51’?1(:% .emﬁé):&éf“epﬁegégﬁpBﬁgﬁt mR%he Itlosgﬁies t hat
shown in FIG. 21 with the addition 91 of a conponent, count, in _each piece

of conponéhtINETRESHRIARANCHT, PRRELENER ¢ at BRS KERVIRERIGY WHd €OfpBRtnt s

i ndi cated by the conponent nane in the piece of conmponent nane information
are to be Gileatedt oalichid agiicouini thake havRdaen noeed poithiemel bhfwartisn203
wites the rearranged conponent nane information to a plane list. The
conponent placendrsi mgehdhat £215 | mridthewaynfar ssom uplidr 2aDBtandfthgr baps. Each
group includes conponent nane information that includes the sanme XY speed,

and the grRupfmIaieidd arianded ibawesseadi pgveades afheXmepeetunction
Furthernore, the pieces of conponent name information in each group are
arranged ip’la@%ﬁr&ﬁf@ir&gcﬁﬁ@rlﬁ. total conponent
10 Furthermore, the optimization apparatus may perform the
component assignment ét step S104 in the following manner.
The optimization apparatus may assign electronic
components to the placement apparatuses by using references
placement times, each of which indicates the time required for
15 one placement apparatus to place one component of one type
component on the circuit board. Furthermore, the optimization
apparatus may assign electronic componentsi by using reference
placement times, each indicating the time required for one
placement apparatus to performone task consisting of the series
20 of operations from picking up through to placing one component
of one type on the circuit board. Furthermore, these methods
may be combined.

Furthermore, the optimization apparatus may find

placement times, each of which indicating the time required for
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count. Next, the optim zation unit 203 generates each conponent 15 pl ane by
treati ng each piece of conponent nane information as being equivalent to a
conponent pl ane. The conponent planes generated in this way are shown ~, n
the schematic drawing in FIG 51. As shown in FIG 51, conponent planes
511, 512, etc. 20 correspond respectively to the pieces of conponent

i nformation including the conponent nanmes A, B, etc. Conponent planes 511,
512 and 513 belong to a group SP1, and conponents 514, 515, etc. belong to
a group SP2 . SP1 and SP2 indicate respective XY speeds , and the XY speed
of SPl1 is gneailercdmart bpakraftuSP2o phaeacD2lectiramie googpsentiseol
conponent planes are arranged in descendi ng order of conponent count.

<Conponent 3 pk3pe . r egiubANgARRRenthe: O | A+@atbaRdubyt @9Bng asesbpwncen FI G
52 , selects 5 one original conponent plane 521. Here, it is supposed

t hat CO”DC’@g%é%%ézgg@irﬁésedr%ff@d ;H?gﬁ%’&tinﬁf‘@%fn?oﬁ%%ttso oReapbaceditn

posi tions 5on the origin conpone ne 521. The optim zation

unit 203 sgl ects a next conponent plane fro ng.r il t

pl anes. |tb?%r§uﬁﬁﬁgad“¥%b§%ﬂﬁﬂ9 oﬁgﬁgga?ggﬁgﬁ%%é&ﬁ%%%%%ggégggggﬁg name
B are placed in positions 541 to 544 on the next congon%nt pl ane, In the
ori gi n&l cORFIRGHRIEEREPBERt RaReQor Fhs SAMRPAFN T Co58 tsRE SaSuEYBE shaped
areas 551 to 555 respectively for the positions 531 to 535, the center of
each squarBhehariimizst 581 BPRaraBs bdheg t BESLE8Fecthfe BOSFETBALE3L to
535, and each side of each area 551 to 555 being a length Oz . Here, ~Z

i ndi cat es ¢depomeenento arioe np 1l afendet coppanents feether ugeonfatbenponedt

pl aced on the original conponent plane 521 to a conponent placed on the
next conpopendemdmpecingpeci fically, ~Zis 1 second in 20 terns of tinme and
15 mmin terns of distance. Next, the optim zation unit 203 judges whet her
or not any of the pasidiPnsnnéddihono44 are in the area 551, and counts how
may of the positions 541 to 544 are in the area 551. In the sanme way, the

opt | n"h_%ati on uni'fhezoa?’ssce%gh:[f éﬁetéh?"i( %Bfn%hgoﬁietcbﬂﬂs e%%odiment has the
same structure of the assembly system 1 of the first embodiment.
The following focuses on describing the points that differ
from the assembly system 1 of the first embodiment.
2.1 Structure of the optimization apparatus 200
15 (1) Information storage unit 205
The information storage unit 205 stores a component name
list and a component placement table.
<Component name list>
The component name list, as shown in FIG. 21, is a data
20 table that includes a plurality of pieces of component
information, each of which is composed of a component name, a
component thickness, an XY speed, a shape code, a nozzle, and
a camera.

The component thickness indicates the dimensions of the
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541 to 544 are in each of the areas 552 to 555 . The optim zation unit 203
totals the counted nunber of positions, calculates a total nunber of
candidates for an exit ( "exit candidates" ) fromthe original conponent

pl ane to the next conponent plane, and 5 wites the calculated total exit
candidates to an area that corresponds to an exist candidate list. In the
manner descri bed above, the optim zation unit 203 sets each conponent pl ane
as an original plane, sets all other planes as next conponent pl anes,
calculates a total number of 10 exit candi dates from each conponent pl ane
to each nexiompoieatenh Rl &rdghandiweict-@sneach cal cul ated nunber of exit
candidates to the exit candidate list. Next, the optimzation unit 203

totals the numberpaf sexhd d&i&j'i@aéﬁ_sidéhﬁih@iéix'fforcé?QbQ%‘i‘n!r;'@ﬂe fQfagach
original conponent 15 plane, and wites the calcul ated total number "of exit
candi dat es e responding to the exit candidate list. An exanple
of the gené&ggé g%ﬁ?gggﬁ i'date list is showmn in FIG 54. Next, the

optim zation unih 203 sel ect s, fronLthe exit capdidate list, the original
conponent plane BAGIGAFRMNENTHRRE 2BREFFPTRADERSHOZSBLS 2ot BhA&SAEE 2and
sets the original conponent plane selected in this way as a first conponent
pl ane. Thea&fFtdfrideacrdhednearbbart lvavl sheseferemrmant ¢onpohesd heirgne
havi ng the greatest nunber of exit candidates , and sets the next conponent
pl ane sel ect ed i iCompeneay miaaemenbdbntabdbaponent plane . 94 By repeating
this procedure, a plurality of conponent planes and their conponent pl anes
are successi vel yTgel ecinpdnehite gleddcaawinty teiste| bas tdwaf oienenti oned
procedure, with use of the exit candidate list shown in FIG. 54 as an

exanpl € . $ndlhdadBeafPitdd Zabt O dit dg 203 158l HCIchd RROMYIrdintahn aRTRERENt
pl ane having the | owest total nunber of exit candidates, fromthe exit

candi dat e gggh.ghgcggggexgbgggggggate list shown in FIG 54, the exit
o, an

candidate totals are "3", the lowest exit candidate tota
being . 3". Here, the original 10 conponent planes, D and E which both have
an exi® candi dat BT A SR bR ANA (38T PHeROGREIPRATE ARRA B3Fe
total of "3" is that of the original conponent plane C and therefore the
opti ni zat | BRSHATE 2§3988FELPEIt PR b9 FAC EBREBABKE PFaMPtCIePRE 18RI nal
conponent glane C selected in this way is set as 15 the first conponent

pl ane. ere.

<Optimization unit 203>
The optimization unit 203 rearranges the pieces of
15 component information included in the component name list into
ascending order of component thickness. An example of the
component name list rearvranged in ascending order of component
thickness is shown in PIG. 21.
Next, the optimization unit 203 assigns the components
20 to the placement apparatuses. Assignment of components to the
placement apparatuses is as described earlier, and therefore
is not described here. An example of the component placement
table generated by the optimization unit 203 is shown in FIG.

22.
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2) Next, the optim zation unit 203 selects, for the selected original
conponent plane C, the next conponent plane having the greatest exit
candidate total. The exit candidate totals of the original conponent plane
are "1", "2"; "0" and 20 "0". Since the greatest exit candidate total is
"2", the optim zation unit 203 sel ects the next conponent plane B, and sets
t he next conponent plane B selected in this way as the second conponent
plane. In this way, the order of two conponent planes is determ ned, 95
i.e., conmponent plane C, conponent plane B. Subsequently, the optimzation
unit 203 repeat sAs lsdodmsion Ehed ignosessomgeoneetslidiend iifi eldiey opdeonehtt hr ee
conponent pl anes being determned, i . a . , conponent plane C, conponent

pl ane 5 B, nandsthemcdnpoaesta o idftedieo A HndA tZap boPa tiné i 4803 irraaidr anges
t he pieces of conmponent information in the plane list so as to be in the

order of COUROPEALeREARGHAGIANE ASle! iRl S, WAY. cAMBSh A lhgﬁtqrﬂ%rd

generated according to the exit 10 candi date [ist shown as an exanp ein
FIG 54 i t JLhe.sang S, t fs) hown
as an exasb 88}“%&%&?‘ r%éTleyCanlseqléeﬁt rEa r%?régglar?sqtg%%%% gé E n% nponent
information included,in th does not change the or

<Gener at i FPRFTD ??nﬁﬂ?ﬁﬁ%ﬁ gﬁ?ﬁ?natﬂ aE%WﬁBﬁeﬁPpEFagé§ T%m?heMﬁﬁglnlzatlon

uni t 203repeats the foll ow ng processing for each conponent plane. 1 ) The
optim zation uni¥expa3 tbeeePsimpcasirh c@ddi Bitde sHtrarts néftSpPdne. 2)
Next, the optim zation unit 203 generates a cluster 20 by |inking al
corrponent sprevioderpsicadd pd afcegmntthappatrattiedsexid scdnsdiqtatng, psocelsat t he
tact is amnimum 3) If a path occurs that causes a loss in tact, the

opti m zat i gha ¢érhén € 0P piretdes s, henPakhecadrd- geferabes ng ptadedd iyg @br
clusters. 96 <3D path generation> The optim zation unit 203 generates

paths connagdh ngxthaceedSiRdS, Onepsh eaBPYIRMidIANSrédeddieplad¥n®nt
direction, so
10 apparatus is the placement apparatus directly upstream of the
placement apparatus, and the subsequent placement apparatus is
the placement apparatus directly downstream of the placement
apparatus.
1) The optimization unit 203 extracts, from among the
15 components assigned tothe previous process placement apparatus,
the lowest XY speed Vmin.

- 2) The optimization unit 203 extracts, for the components
assigned to the subsequent process placement apparatus, all the
speeds greater than the XY speed Vmin.

20 3) The optimization unit 203 replaces XY speed Vmin the
with the extracted XY speed.
An example of the component name list in which the XY speed

has been replaced by the optimization unit 203 is shown in FIG.

23.
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that the Z novenent is a mninum Here, the exit candidate in 5 each
conponent plane is the point where the path | eads to anot her conponent

pl ane. (2) Information storage unit 205 The information storage unit 205
has a plane list and an exit candidate list. 10 <Plane |ist> The pl ane
list, as shown in one exanple in FIG 53, has an area for storing a
plurality of pieces of conponent plane information, each of which is
conposed of a conponent nane, an XY speed, a conponent count, and ot her
itens. 15 The conponent names, XY speed, and conponent count are the sane
as described earpigropandtibgsebor eha deseniphtoont Bppeebtus euiotted here.
<Exit candidate list> The exit candidate list, as shown in one exanple in

FIG. 20 54, hastgpg %Pﬁo%?ﬁ%%&ééﬁﬂoéé‘%ﬁwﬁ)@ferﬁg kﬁ%itthec%g@i%tz%%ifo% the
next conponent plane for each original conmponent plane, and an area for

unber Jof SRPTEREHA AB0es ThRG ERE O%i  EafarHarEttotll TaT Mre ag |

described earlier, and therefqre a description thereof is omited here. 5.2
Oper ati ons by th%h%ptqprﬁli“&ﬁa&&oé‘pp‘é?é?uéOfoor%"’l‘%ﬁ%w% dRLeFERe St
operations by the optimzation 5 apparatus 200. (1) Qutline of overal

oper at PonsCOHPPeRn b pt FR LR §iamn appgﬁam@nm%@am 1 88 ngt leéseansdddan
outline of overall operations by the optim zation unit 200, with use of the
fl owchart éndé€t Gofldaporknd optickzassofstrpt S209 )r.eaandngesithe ddwponent
nane |list so as to be in descending order of XY speed and descendi ng order
of conponetdmponehtsand graepadhesmennpapeatraplbases (ctepep3siql). The

optim zation unit 203 rearranges the conponent 15 planes and generates a

plane list (steprie803ptifensetebesuhne opki BHMEpaLhal aeth@fca@wrou@ ane,
t hereby generating a cluster ( step S503 ) , and generates a 3P path by

giepggﬁ Lﬂ?plgcgéé‘és A e G hph PEESUSE 8 S s hBs E§G0n P A d dk BAG cAnXieS
10 apparatus (step S302). If all sets have already been selected
(step S303), the processing ends.
If any sets remain that have not yet been selected (step
S303), the optimization unit 203 extracts, from among the
componentsassignedﬁx)thepreviousprocessplacementapparatus{
15 that having the lowest XY speed Vmin (step S304), and extracts,
from among the components assigned to the subsequent process
placement apparatus, all speed higher than the XY speed Vmin
(step S305). The optimization unit 203 then replaces the XY
speed Vmin with the extracted XY speed (step S306), and returns
20 to step 8302 to repeat the processing.
2.3 Conclusion
As has been described, according to the assembly system

1 of the second embodiment, the XY speed of components assigned

to the subsequent process placement apparatus is set so as not
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that Z novenment is a mninmum (step S504). 20 (2) Operations for rearranging
t he conponent planes The foll owi ng descri bes operations for rearranging the
conponent planes, with use of the flowhart in FIG 56. The optim zation
unit 203 generates an exit candidate list (step S510), selects the original
conmponent plane having the 98 | owest exit candidate total (step 5511),
and when finished selecting (step 5512), rearranges the pieces of conponent
information in the plane list, according to the order of the selected
conponent planes ( step S 514 ) , and ends the rearrangenent 5 processing.

| f the sel ecténtedd HiH XY Bpeskadofstepp&id)s 44l prdd M &hieoprumti bud03

sel ects, from anong the sel ected original conponent planes, the forner
conponent ﬁﬁaéégékadﬁ@ﬁéﬂtéﬁﬁaﬁéﬁééeshﬁﬁﬁéﬁﬁréﬁtﬁéh&m&%%%&kgﬁiaéeétep
S513 ) ; and returns to 10 step S511 and repeats the processing. (3)

Cpt | mum pabl SROSEAL A0d TABONSIt PLANGS JEhe AL WA CIeRElLOsSon

oper ati ons erating optimzdtion paths I'nthe conponent anes, with
use of the_flowhart in FIG. 57..,15 The optim zation it 203 repeats the
or ocessi ngtRT bhPEFaEs C&BE PP BT CERHP A RERT T Sy board

optim zation unit 203 selects one exit candidate fromthe conponent glane (
step S532 §u¥l%%EhSQ%QQ%H%PEﬁﬁQQAQﬁﬁBYtB9SQHﬂGQﬂ?QﬂPrQ%%®%gEﬁF§mﬁﬁ order
starting fromthe selected exit 20 candidate, so that the tact is a m ni num
( step Sh3@pparatiisthere is a loss in tact, the optimzation unit 203
divides the path that is the cause of the tact loss , thereby generating a

plurality of cl usdétesstist epnS53dd.ob. Sh&€odes vsibad Moverendr tdimg, t ehehe
fifth enbodi nent, inmaginary conponent planes are generated for each type of

el ect r oni CoOIMOALI o b F ANGS Gnd 11 driHreAeteifighed cer daforinheiendef of
t he conponent planes is rearranged, an opti num path connecting each

cormponent é%ﬁf&f@f%%[}%“wﬂérﬁ%ei ©1922863ledcoRBBn@nd? H%hpl%é‘éd.
connects the conponent planes Is generated by connecting the path 1 n each
10 3. Third Embodiment
The assembly system 1 of the third embodiment has the same
structure as the assembly system 1 of the first embodiment.
The following focuses on describing the points that diffexr
frqm the assembly system 1 of the first embodiment.
15 The high-speed placement machine 124, as shown in FIG.
25, has a component feeder 301. A plurality of parts cassettes
are provided aligned in parallel in the component feeder 301.
FEach parts cassette supplies a particular type of component.
The component feeder 301 moves in a left-right direction in the
20 drawing, this direction being referred to as the Z direction.
The high-speed placement machine 124 further includes a
rotary head 302. The rotary head 302 picks up a component from

one parts cassette, when insuctionposition, rotatesahalf-turn,

and places the picked up component in a placement position on
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conponent plane with the path in another conponent plane . This enables the
shortest path to be determ ned, and enabl es the next el ectronic conponent
to be placed to be determned in the Z 10 novenent tact. 6. O her

enbodi ments The present invention has been descri bed based on the above
preferred enbodi nent, however the present invention is not limted to these
preferred enbodi nents. The followi ng cases 15 are included in the present
invention. ( 1) The present invention may be nethods shown by the above .
Furthernore, the nmethods may be a conputer programrealized by a conputer,
and may betnedt@irtalitsbgaall @b3the conputer program Furthernore, the
present invention nmay be a 20 conputer-readabl e recordi ng nedi um such as a

fl exi bl e di sk, aAQafgedkggar?Oﬁg55K§@2agegggtédeDngpg apPYRaRAMiBE sa

seniconductor menory, that stores the conputer program or the drgital

si gnal . %&H?gna{n?s étggr% grichis o‘%{letnﬂs“afé‘%g%e Y, D¢ %"i%c%@%ﬁé cRLAALEMm Of

the digita r on any o rene recording
medi a. Fur} her the present invention may be the conputer program or
the digita O@ané$3transnitted on a electric comuni cation line, a wireless
or wired conmuni cation line, or 5 a ne rk of which the Internet is
representative. T%ﬁtQQ##ﬁﬁﬁﬁr%tﬂﬁ-pre§emt“?nve@ﬁ?(NPQH%PQM?%icééﬁpBPéFdSysten1
that includes a mcroprocessor and a nenory, the nmenory storing the
conput er pBogrimiicate t¢mmpireps ot dheoparamisngradder diimguis bhard
conputer program 10 Furthernore, by transferring the programor the

digital signalit@itdhesrekherdragrnedi wniadppahat dsmponehyst aaaspeacedg the
programor the digital signal via a network or the |ike, the programor the

digital signal ”?YJ.@tﬁ%@ﬁ&f@%?%l@é‘%@@{mii‘&*@ﬁ@iﬁ‘d@lﬂéaf’@ﬁﬁbﬂEOOSyStem 15
(2) The present invention may be any conbi nati on of the above-descri bed

enmbodi nent and gﬁpifiﬁ??fﬁg§log Sgg; %ésu@{tt@@Slnventlon As descri bed, the

pr esent i nventi e present Inve tion is an Optl m zation appar at us in

e o e R LRSI B T R ML £ YR, o7
The movement tact table, as shown in FIG. 26, has an area
for storing a plurality of pieces sets of information, each set
consisting of a component name, an XY movement amount, a XY
movement tact, a Z movement amount, a Z movement tact, a return
15 tact, and a total movement tact. Each set corresponds to one
of the components placed on the circuit board.
The component name is for identifying a component.
The XY movement amount indicates a distance, when placing
a component, from the position where the previously placed
20 component was placed to the position where the current component
is to be placed.
The XY movement tact is the time required for the head

to move the distance indicated by the XY movement amount.

The 72 movement amount indicates a distance that the
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the optim zation apparatus optim zing a placenent order in which the

el ectroni c conponents are placed on the circuit board by the placenent
apparatuses and including: a first assignnent unit |01 operabl e to assign
each type of electronic conponent to one of the placenent apparatuses,
thereby determning a first assignment for each type of electronic
conponent; a first calculation unit operable to calculate, for each

pl acenent 5 apparatus, a first placenent tinme required for the placenent
apparatus to place all el ectronic conponents assigned thereto according to
the first esmpgnardtseddet towdd G tthboardiracsesonthassi gampandant tto
operable to select tw placenent apparatuses fromthe placenent

appar at usege SRIE&Ld . Ofe @Gk efpkhec tvie Kk sSalRredigd phladeemeBhpapRakat uses,
one type of electronic conponeni that has been assigned to the placenent

appar at us, e 1ng_a n ssi n ppy S cted
tpes of o B0f  fnP e AR RANE a2 TUEDRTP S06el IBa2 TR,
second cal cul ation_unit operable to calculate, for each of, 15 th

o acement BEparatTLEel 2t P Tetent ™ Fhe FEGt o bt 4 &bbment
apparatus to place all el ectronic conponents assigned thereto according to
t he sefondi@&3i g¥frerita britheh o rse RS Seddied thartd saPad &St L8 BePePrReR&t i on
unit operable to determ ne adoption of one of the first assignnent and the
second 20 s dHhgnpkacedhas etnabhessacthontessipliasenent tine, by conparing a
greatest first placenment tinme and a greatest second placenent tinme from
anong the first Thacenenéméntescands tthe staentkqliaceinéat tHtharesmpahenlttat ed
for the two placenent apparatuses selected for interchanging by the second

assi gnnentfdiidr tHRoveAek@dishanice 1H8is4BEQD S hECE WckremrthtehfBthti. S
achi eved of placenent tinmes being nore even between pl acenent apparatuses .

Here, the first mgsianment *%30% ig?ﬁh(;cja%éj%eﬂi%t%?l@égn%TenCQUBBmﬁbﬂéﬂﬂe

sub-unit operable to store type of 5 electric conponent, a

cal cubdti o bl pRef bt e - £F PIAREN ¢ Ehpb P KRBe R RuRCERRPbybh®”

conponent of each type. and_for each glacenent apEargtus, a reference
pl acement RISHE-? rRY2FRT t bl BRenETPARpRF at 6€IEE BPEEE tReT8Ffeétri cal

conponent, ' . _ ,
direction from a state in which the parts cassette that supplies

the presently placed component is in the suction position of
the head so that the parts cassette that supplies the previously
15 placed component is in the suction position.
The total movement tact is a time calculated according
to the following expression.
total movement tact = {(XY movement tact), ((Z movement
tact)+(return tact)*2)}
20 (2) Optimization unit 203
The optimization unit 203 rearranges the pieces of
component information included in the component name list into
ascending order of placement tact. Next, theoptimization unit

203 divides the component name list, in which the component
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10 and (ii) for each type of electrical conponent and for each placenent
appar atus, using the conponent count of the type, a placenent tinme required
for the placenent apparatus to place all electronic conponents of the type
an the circuit board; and an assignnment determ nation sub-unit operable to
determ ne, 15 using the placenent tines cal culated for each of the

pl acenment apparatuses for each type of electronic conponent, an assi gnnent
of electronic conponents of the type to one of the placenent apparatuses.
According to the stated structure, the electronic 20 conponents are

assi gned t pntbempt 868 MHRNY bagpaicalisesydmsah el i akdplkase peatetnieme
cal cul ated using the reference placenent tine determ ned for each type of

el ectric ceéfcp@ne%t%nd tp@u%am% b CQURILpsThEF eh9keese! St F:Bfﬁb%nfgg

conponents can be reliab assi gne d to"the placenent appar at uses

Here, the s€ oq?agfghg ngﬁegu%ht @%&%éﬁiéﬁﬁﬁg&ghaygé_eIgg%&oggggﬁogBonent

fronlannng ypes o t roni can on aced by a
partlcular ace ratus to the rticul ar enent_appar t he
assi gnnent? b%?qg'ﬁ%r at Wﬁqq1ﬁﬁ9?#§%%ﬁovgﬁr 'h et?ﬁggpog eggﬁonic
conponents. According to the stated structure, partlcular type of

el ect r &ni cchorpepemlgaenany; §heg 19 a@splaﬁrﬁdc@pa? %|pa1@€r?é}ﬁntaasaﬁata@sls
Therefore, the el ectronic conponents of the 10 particular type can be
reliably ptloessontd Hhecupstireabmoand. Héerxt, tthe sedomi zadsianmexitt 368t may
assign a type of electronic conponent that has, from anong the placenent

times cal adatedhdos thacdonyanaienh fappatabus madcracbupypedetcehdghgoni ¢
conponent, a placenment tine smaller than a 15 predeterm ned value, to a

placenentcﬁﬁpgfagystﬁ@aéomgoyg§gr@@@hﬁnst anong pl acenent appar at uses
having a placenent tine snmaller than a predeterm ned val ue, the assignnent

bei ng perforned yath thé"b%Xlﬂ*_/E%S%He 3@%3 Of ; r?dsecareaﬁlﬁoﬁemeowts

and ot her pl acenent ‘appar at Uses Accor |ng to t e stated structure,

The. pRBceriiie Bpparatle | BRaUtr 12%523 o hB HSER o s n e SR cRE° 1

conponents that are placed at h| geed are assigned to the placenent
appar at us TIRHP | QT cFeRRPRERBES S b%? gahPsFBe, UBRHTFAR most placement

apparatus.
Next, the optimization unit 203 repeats the following for
each remaining component.
15 1) The optimization unit 203 calculates an XY movement
amount from the component RO for all other components.
2) The optimization unit 203 calculates an XY movement
tact from RO for all other components.
3) The optimizationunit 203 calculates a Zmovement amount
20 from RO for all other components.
4) The optimization unit 203 calculates a Z movement tact
from RO for all other components.
5) The optimization unit 203 calculates a return tact from

RO for all other components.
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el ectroni c conponents that are placed at | ow speed are assigned to the

pl acenment apparatus that is closer to the downstream side. Here, each of
the first calculation unit and the second cal culation unit may include: a
conponent count storage sub-unit 5 operable to store, for each electronic
conponent type assigned to the placenent apparatuses, a conponent count
that indi cates how many el ectroni c conponents of the type are to be placed
on the circuit board; a total tine calculation sub-unit operable to

cal cul ate, for each placenent apparatus, a total placenent 10 tine

i ndicating a tot&l) Thewdomipegdiarguait 20 2 ctalenila teenponetd 5 massingiiad t o
the pl acenent apparatus; and a placenent tinme cal cul ation sub-unit operable
to cal cul at@ctf oforeachl pbapererbmpRRRNUS AHbRAGY tyfetdk elaatdaniL
conponent, a placenment tine for all el ectronic conponents of the typée

assi gned lgxkge%ggoﬁLacenent apparatus, by nultiplying the cal cul ated total
pl acenment ti y the conponent count of the type of el ectronic conponent,
and then dividin a conponepnt coupt of all electronigc c onent s

assi gned to the gP%%r%orﬁer%pnpncaE%Fﬁsi ﬂ@\i‘igpé\?ﬁmtvﬁé“efntfg?gf)Cgrgﬂ‘logte]“%‘?ﬁ‘tunit
and thggseﬁon cal c Iati%g 20 unit set the respective cal cul ated placenent
tines t h8¢ ??éfegPﬁBe FC)f¥res and the second pl acement tines,
respectively. According to the stated structure, a placenment tinme is
cal cul ated for eathThe¢perbimératipsnieitorpénerileassi fhed lovesie toitadement
apparatuses, by nultiplying the calculated total |05 pl acenent tinme with
t he conponmavemeunhnt taftt izoml embngnitbecoppenent twpés.and dividing by a
conmponent count of all el ectronic conponents assigned to the placenent

apparatus. Theregprehe g aceiEiiond iufEL P83 kenakeserat Patheraat 4d to
pl acenent 5 tine can be cal cul ated. Here, each of the first cal culation

uni t and t bge SRERIMLA! RUNAE OB VRLL pBRY s ItRCE HE§ o3 S RYSS £ QL BYemSlR- Uni t,
tact cal culation sub-units equal 1 n nunber to the placenent apparatuses,

and ajpl aceggpt time receptionsub-unit, the tact calculation sub-units
correspondi ng respectively to 10 the placenent apparatuses, wherein the

Gontifi o 1 dont 11 TROHC PREHEORI REET G EbRp DR R EDAOAGH

count of electronic conmponents assigned to the placenent apparatus, each
tact cal cuFIPPIRRELEGNit cal cul ates , based on the out put

Next, when a path that causes a loss in tact exists, the
optimization unit 203 divides the path, thereby generating a
15 plurality of clusters, and re-connects the divided path so that
the tact is a minimum.
3.2 Operations by the optimization apparatus 200
The following describes operations by the optimization
apparatus 200, with use of the flowcharts in FIGs. 27 to 28.
20 The optimization unit 203 rearranges the pieces of
component information in the component name 1ist, into ascending
order of placement tact (step S321), assigns the pieces of
component information in the component name 1ist intoaplurality

of groups, thereby grouping the components with respect to the
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15 type identifier and conponent count, a tine required for the
correspondi ng pl acenent apparatus to place the el ectronic conponents on the
circuit board, and outputs the cal cul ated placenent tine, the placenent
time reception sub-unit receives each placenent tine, and the f first
calculation unit and the second 20 cal culation unit set the respective
recei ved placenent tines as the first placenent tinmes. According to the
stated structure, each of the first calculation unit and the second

cal culation unit has tact calculation sub-units that correspond to the

pl acenent gDécemappasppasesuséberetepe s3appropmdgt ewjpllaceneatht gmespt hat
can be calculated in accordance with the structure of the placenent

appar at usegea Fies Bge 830 Piebag df eompeakeat! o fOrmatni dn andd hessesantdgd
calculation unit may include a request output sub-unit and a placenent tine

receptionsgpdgpigfmﬁgﬂgﬁﬁggﬁggéggggg%tggpgg@5rs may include a tact

cal cul ation unit, neration sub-unit outputs to each

pl acement appar at us type identifier identifying.a e of electrgpic
conponent, and gﬁﬁﬁttgﬁﬁ%ﬁﬁﬁlQﬁﬁﬁﬁl%ﬁ‘%PecppgnF&%ggn%§ eﬁ??pgggpéng to
t he pl acenent apparatus, each ta¢t calculation_unit cal cul ates, based on
t he ouPput c%%%sg gerttierhune BRLE HRP SRS 1&%‘1‘1‘%’( fromEaman 9 R FPBRCRERtE he
pl acenent apparatus to place the electronic conmponents on the circuit
board, andinutpatEirse guden| aseeP 183t hcement tine, the placenment tine
reception sub-unit receives each placenent tine, and the f first

cal cul ati on uni tTlamddthenizecdmh calitu? @3 itderunutigset whatheespeabitveany
recei ved placenent tinmes as the first placenment tinmes. According to the

stated strushpdeentfchend BeenEd wHirdppabapusechas renaiaspeadepgssasy ,
calculation units. Therefore, appropriate placenent tines that can be

cal cul at edod N @CLOL HANCL WM d b\ dhen S ey er&h diecBhaearBRt R@AFRAT 8l Uses.
Here, each of the first calculation unit and the second cal cul ati on unit

may iRpgludes @ reegeﬁg}é & ter%gbgg@ie s39%) cg%_\a%%ie%@gw&émeaac_t

cal cul"ati on sub- uni reverse conversion sub-units a placenent tine

reception §£§E“?L£m RO for all of the other components (step S327),

calculates the Z movement amount from RO for all of the other

components (steps 8328), calculates the Z movement tact from

RO for all of the other components (steps 8329), and calculates

15 the return tact from RO for all of the other components (step
$330).

Next, the optimization unit 203 calculates the total
movement tact for each of the other components according to the
following expression.

20 total movement tact = Max { (XY movement tact), ( (Z movement
tact)+(return tact)*2)} (step S331)

Next, the optimization unit 203 selects the lowest total

movement tact from among the calculated movement tacts (step

§332), connects a path from RO to the component R1 corresponding
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t he conversion sub-units, the tact cal culation sub-units and the reversion
conversion sub-units being equal in nunber to and 5 correspondi ng
respectively to the placenent apparatuses, wherein the request generation
sub-unit outputs to each placenent apparatus, a type identifier identifying
a type of electronic conponent, and a conmponent count of electronic
conponents assigned to the placenent apparatus, each conversion unit
coverts 10 the output type identifier and conmponent count to a format
conpatible with the correspondi ng pl acenent apparatus, each tact

cal cul ati oRostheuBicl cedlkaukates, phaseaear thetcorvept edstype identifier and
conponent count, a tinme required for the correspondi ng pl acenent apparatus

Lo place the el eehbopheip, SOMMONAINS APy LhRCLEEN {nQRitho ALl U LS Lhe

cal cul at ed pl acenent each reverse conversion sub-unit converts the

| ! f conver Sion Sup- unit "con
appr at s, CERe PPRCARRh AT HER Saany oReSdis NS PR Tos CRe e GRPSACea

pl acenent thnes, and the f first calculation 20 unit and the second

cal cul ati oh*GnPFOSEESERE respective recei ved, converted placement tinmes as
the first placenent tinmes. According to the stated structure, the
conver s on sub- ufihes oRtdmigatienerd tcoaVdr dn6aSSulhenes [uf f BPM any
conversion and reverse conversion for each placenent apparatus. 108

Ther ef or e, réenédninygi oompanebes coniet  eth@nherever semadmiegt edmponendisng t o
a data format unique to each placenent apparatus . Furthernore, the present
invention ésistn(@fer|sAToNkadomeonepatpl aE&IEIE asystied sprpesedoek at

| east one placenent 5 apparatus that places electronic conponents on a

circuit boggdstan JvdPsms | 0n:9eRREANOBa RN R 41195 1GRINGF BEY IR YeEENT
speed information relating to the circuit board when the électronic

conponent Sb%iéé?p@%gf thed ‘?c%%iongx%%tg‘%‘édhﬁgfiaeﬁ R 4, StQr e

uni t opera 0 S e Clrcui oar novenent Spe I ntornmati on each

type qf, el ectroni ¢_conpanent. assj,gnment. st orage uni rable tq store,
for edth (ot SLOrER TOREE Shibbnent® Rk Hadrgriet: 1Bt FEF it spds
el ectroni c_conponent t 8e to one of the placenent apparatuses; a selection
unit oper abfe PEOSEFELRI-fromthe plurality of placement apparatuses , 15
two adj acent placenent apparatuses; an extraction unit operable to extract
sl owest novenentWapeerP i BFEE iddtord shav g se Sifokast Aevenerisspeddtarong
el ectroni c. conponent types assigned to a

5335), the optimization unit 203 ends the processing.

3.3 Conclusion
15 As has been described, by determining the placement order
of components based on a Z movement tact and a return tact in
addition to an XY movement tact, large moves in the Z direction
can be reduced.
3.4 Modification
20 The following describes an assembly system as a
modification of the third embodiment.
FIG. 29 and FIG. 30 show the rotary head of the high-speed
placement machine 124 as seen from underneath the rotary head.

A rotary head R101 is shown in FIG. 29 in a state at time
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pl acenent apparatus that is |ocated upstream nost of the two sel ected

pl acenment apparatuses; an extraction unit operable to 20 extract novenent
speed information having a faster novenent speed than the extracted sl owest
novenent speed information from anong el ectronic conponent types assigned
to a placenent apparatus that is |ocated downstream nost of the two

sel ected pl acenent apparatuses; and a repl acenent unit operable to repl ace
the 109 extracted novenent speed information with the sl owest novenent
speed information, in the novenent speed information storage unit.

Accor di ng £6 -t hEhetzat@rsiegct B8 lanotpEesr bhix Boafpoias A3 regitdompinon
table in which the XY speed of the downstream process apparatus is arranged
S0 as not aopekcead I.heTK¥ speedy dedd®lfishaeasi phbasssz bgparidt, usil2,
Furthernore, the present invention is an optim zation apparatus for

optim zi ngnan, ey ect KeBi GtiONPaAReite RhiacefENtnenidsz 1ONIsers bBsa tRbaeament
apparatus in which a feeder that supplies at |east one el ectroni c conponent

of 2t Leaske08eat¥peal 6l SE18 O£ PUMONENIIYAS L8 posteticanaPatl 4l on of

a placenment head, and t acenent head S up electroni ¢ conponents
fron1tQ@ fegder an glac§spﬁhe el ectroni c conponents on a circuit 15 board,
t he Optlﬁi% froh=a p Pabts hcluding: a first selection unit operable to
sel ect one of the electroni¢c conponents and set the el ectronic conponent as

a first el ectronfie ol B1IEXScHPat i FIPRATG o fe SOME PG e PEEPET

el ectroni c conponents other than the first electronic conponent one at a
time, set Bheé:skhecherizbe NleR¥BH AR GnFOTeenead & {cenpanenscNLdREE
conponent, and calculate ( a ) a head novenent tinme required for the

pl acenment A2ad afd the el @mippes apus dompomen tr 2| (@anpednerftr oomaer
position where the f first electronic conponent is to be placed to a

position wheye tAetpeeame © SELE ARIZE 1ANPDNE Abdus t®phekpipPs ed8mpbhpna 110
feeder novenent time required for a feeder that supplies the second

el ect R@Ni CgCORPRAPSALnE OnfiRM¥E-t A1 he pl acement head suction position if the
second electronic is to be placed, and (c) a return novenent tine required

for a feeder thab suppl iR, Jg Sokhi$t nELACKE 0PI £ COMGNLR L LIWERLO the
pl acenent head suction
rotary has rotated a half turn. At the time t8, the nozzle N11
is in the placement position P2, and the nozzle N15 is in the
suction position P1.
15 The nozzle N11 is about to place a component B (component
number Bl) on a circuit board.

FIG. 31 is a time chart showing movement of the component
feeder in the Z direction and changes in the state of components
that are picked up and components that are placed, with the lapse

20 of time.

At times t0 to t3, the component feeder is positioned so

that the nozzle at the suction point can pick up a component

A from the parts cassette that supplies components A.

At t1, the nozzle N14 picks up a component A (component

70



position after the second el ectronic conmponent is placed; and a sel ection
unit operable to select, based on the head novenent tines , feeder nobvenent
times and return novenent tines calculated for all electronic conponents
other than the first electronic 10 conponent, an el ectronic conponent from
anong all the el ectronic conponents, other than the first electronic
conponent, that is to be placed next after the first electronic conponent.
According to the stated structure, the feeder that supplies electronic
conponent s does not meke | arge novenents , and tact 15 | oss can be reduced.
Here, the saeheeki amyunit includes an operation sub-unit operable, for each
el ectroni c conponent other than the first electronic conponent, to
calculate a val ugethat die ad00@ Ml biaxy & &Q:én&fbrf@ﬂ'@%n(bbfﬁ?o@x@@t( b )
the feeder novenent tinme, and 20 adopt the greater of the cal cul ated head
nmovenent thg@bggd 52e cal cul ated val ue; and an el ectroni c conponent

sel ection su -uni% perable to select, as a next electronic conponent to be

pl aced after the first electronic onent, an el ectroni onponent

cor r espondi ng toAg'Eian f“V%ﬁﬁij%gEéc flu?H%CWgﬁﬁggﬂgﬂgbggngffentby t he
operation sub-unit for the electronic conponents other than the first

el ectréni cheBRPBENRAY - According to the stated structure, a value that is
the total of twice a return time and a feeder novenent tine is 5

cal cul ated, and atvaings Whi th s tthe grepteenbffepden ogivaeseso Hawmt mreenent
time and the calcul ated value is adopted. Therefore, the placenment tinme can

be predi ctedzyiéehtite aoctiaty poliatecath el qgit axperrabmpppanatRLriaci-hees a
rotary placenent 10 head, and the selection unit selects one electronic

conponent pased eastbetsatpdtategphead eeMgbBBhtEi AES, feeder novement
times, return novenent tinmes, and a rotary placenent head half-rotation

time. According £ i £3 LRl /Ad M foibhe il 2 nddt'® (kBmbendnt

pl acenent apparatus that has a rotary placenment head can be predicted with
nor e curac¥b FU£%$ernDre, the present invention is an optim zation
appar atus ¥ 85t| 1zing an el ectroni c conponent placenent order used in a

Dy T apeat edly pekt of Mg T agRel Ui (THAT HCCITGHE TAFSEHES. Po 86 ol aced
have been pl aced, each task
urn from tl, the nozzle nl4 places a component A (component
number Al) on the circuit board.
Similarly, at times t6 and t7, thenozzles place components
15 A on the circuit board.

At time t8, before which the rotary has rotated a half
turn from t4, the nozzle N1l places a component B (component
number Bl) on the circuit board.

As described, the Z movement tact has a further delay equal

20 to the half turn of the rotary.

Consequently, in the third embodiment, when calculating

the 7 movement tact, the optimization unit 203 may further add

the time taken for a half turn of the rotary. When calculating

the total movement tact, the optimization unit 203 uses the Z
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bei ng conposed of : a feeder that supplies at | east one el ectric conponent
of at | east one type of electronic conponent noving to a suction position
of a placenent head that includes at |east 112 one nozzle, and the

pl acenent head picking up at | east one el ectronic conponent fromthe feeder
and placing the at | east one picked up el ectronic conponent on a circuit
board, the optim zation apparatus including: a task information storage 5
unit operable to store task information for each task, each task
information including (a) a placenment order of electronic conponents in the

task, (b) pbaepeRRttOsthhipRnclRAe e whineFdrulhaataswhef ena rdddef ent
one of the electronic conponents is to be placed, and (c) a feeder position

indicating a positigp, 10,0k bhe if.egder that supplies the electronic
conponents; a first generation unit operable to generate an X coordi nate

i st by rearrang the task infor iop for all tasks spo as tq be.n
descendi ng or der TP SCSEBPUF nATECER bl SbeHEht BESTE; SR e P riOH ¢
conponent last in the placenent order in each task 15 information; a second
gener at i onSARPLS GRG AN R 26 R ASEEME LY SV EboR di AhttdS TS PMPesimEnfi ng t he
task information so as to be in ascending order of a greatest feeder

posi ti én in eachThadleliisvomefoonseapd s esth yrdrshe rmintopbeblslid fay
alternately select a task froma top of the X coordinate list and a top of

20 the Z coOoodi hhateakesimbily thetematedfortder fiawsd asbogimeatch task a
position in the placenent order according to an order in which the tasks

were sel ected. Aeper@hlngif@nébeosidl glaséhdst Ui€chi k25 e seimaiedn
alternately fromthe top of the X coordinate |ist and the top 113 of the

Z coordi nageal i fﬂyﬁ t i pPeSLt i in APEITRIR
or der accoﬁg?hg§%6 t e‘%?%%fpﬁﬁﬁﬁﬁﬁgﬁ&{E%%F%§k§§agrg@%élé%?gﬁﬁlThls has an

ff f ' h f : h
opt i i zat | SR aRRATEEe S0} THPS: A tibesoRPeltnt Sebafe S 4Bt oo

oad MvestTPELEE CHRRINERE L5 CURBRLTH THO i A GHTie oy del? 400 Gty t he
AsST gNmeNt L mponents - hoSamponent tedder tnot 13158 trated) noves Sne
of a plurality of component feeder trays to a suction position
of a head 402. The direction in which the component feeder tray
moves is referred to as the Z axis.
15 The multifunctional placement machine 125 includes a head
402. The head 402 is providedwithapluralityof nozzles. Each
nozzle, when in a suction position, picks up a component from
one of component supply trays 401%1.
The multifunction placement machine 125 further includes
20 a camera 403.
After picking up a component, the head 402 moves across
a photographic range 404 of the camera 403, and then, in the

placement position, places the component on the circuit board

405.
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10 interchange unit operable to swap the two selected tasks with each ot her
in the placenent order; a calculation unit operable to calculate a second
total novenent amount that indicates a distance that the head noves if al
tasks are executed in the placenent order in which the interchange unit has
i nterchanged 15 the two tasks; and an adoption sub-unit operable to adopt a
pl acenment order of all tasks that corresponds to a snaller of the first
total novenent anmount and the second total novenment anmount. According to
the stated structure, a placenent order with 20 an even shorter placenent
time can be enpl dgedheFuptheynbeed BhE pepsanedilyventcken ups aad gptdasiszat i on
apparatus for optimzing an el ectroni c conponent placenent order used in a
pl acenent apm@oaiens si, na Wil ota lai fieedetombaheatipph i€ S waicd aiste one lalceel r oni
conponent of at |east one type of 114 el ectroni c conponent nove to a

suction poght irpe fi rayplkagegent spgad, and the pl acement head picks up
el ectroni c conponents fromthe feeder and places the el ectronic conponents

on a circuit boakd, Eﬂgrggéép%%@}Epncgpg%gatgﬁo&gc$%ggﬁgﬁﬁJ$§§§§kgﬁg%ration

5 unit operable f0 genera or’ edch’el"ectronic co

I magi nary aonent plane that includ positions._in whjch_electronic
conpong%tsgggpfﬁgﬁngﬁzﬁQPRQ??ﬁF%1aC§5? §ﬁaogﬁr§ﬁ&¥qrﬁpgﬁﬁgrQFEWlng
conmponent planes in a predeterm ned order; a rearrangenent unit operable to
rearrange tRE1E8HFoEAt PRERNRSONIOWRACEpERRURLASL AOdeMEVEEion unit operabl e
to generate, within each conponent plane, an optinmum path that connects the
conponents on thé.éofponehurgl afiethandriisbzpainnganepaaicba dAPt operabl e
to generate a 3D path that connects the conponent planes , by connecting

the path within ¢eaghInbopmatibnpsboeawet hnthe2pat hs 15 within ot her
conmponent planes. According to the stated structure, an imaginary conponent

pl ane is generat ehbah fRaaR th YR I r£5£GhA 8NI0G KANRUMBonaatdn&hE 1G@RHoNeENt
pl anes are arranged in a predeterm ned order . Then, the order of the

compongnt Q'zagﬁisiﬁhéﬁ",’ié &tha 1309, LR lblgg_t%(?@@@ﬁaﬁn;%)l%@n QR UM

path is generated that connects the el ectronic conponents I n the conponent

pl ane. Nex h ths i he .co p L e.connect tQ each, ot her
b ap parhets SREA D e f e R R BRI BT o e e £ i SRR (e
rearrangqupéegnigskncludes an extraction

<Component name list>
The component name list, as shown in one example in FIG.
15 33, stores a plurality of pieces of component name information,
each of which includes a component name, a component count, a
nozzle, and other items.
The component name identifies a component.
The component count indicates how many of the component
20 are placed on the circuit board.
The nozzle is an identifier indicating a type of nozzle.
<Z axis list>
The Z axis list, as shown in one example in FIG. 35, includes

an area for storing a plurality of pieces of Z axis information,
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115 sub-unit operable to extract, for each conponent plane, an exit

el ectroni c conponent, the exit electronic conponent being an el ectronic
conponent for which the placenent head novenent tinme fromthe exit
conponent on an original conponent plane that is 5 the conponent plane, to
an el ectroni c conponent on a next conponent plane that is another conponent
plane, is within a feeder novenent tine; a calculation sub-unit operable to
cal cul ate, for each original conmponent plane and each next conponent plane,
an exit candidate count that is a total nunmber 10 of exit electronic
conponent s eaahdp Léd€ Wrat exx fPh nEaghadhbgi el s COMONST a P nat Qe
candidate total that is a total nunmber of exit electronic conponents; a

sel ection gub-4nipt -gBeKaRLE=t O sel ect an original conponent plane having a
smal | est exit candidate total and set the selected original conponent plane

15 as a first cogggngg&pghggﬁ,a?@% Eﬁéﬁﬁigﬂ?geét 88P§§3ﬁﬁt pl ane that has a

greatest exit candidate coun respec 0 selec e first conponent

pl ane, and set t sel ect ed next, c onent. pl ane as second conponent

Dl Bt and o conpBRdhEoRFMBAERL HIIA SBST A LoD Al T P ACBECRange
the first conponent 20 plane and the second conponent plane in a conponent
pl ane or dePr.a FHAYhER frbeeconprnent faedesnt it fegsissthe eprpansyageavar ea,
each side of the square-shaped area being a length corresponding to a
novenent tbpetbé aofeedpondand aompahentohambée square-shaped area being a
position where an exit electronic conponent is to 116 be placed, and, if
an el ectroni c coapasknliep>t he next conponent plane falls within the set
square area, judges that the placenent head novenent tinme is |less than the

feeder novement f£iaR. t£8€arEHNY alsO shbenst At Sfle Sdked 1 €in tHI& NBX¥L, has
el ectronic 5 conponent to be mounted within the Z novenent tact can be

det erm neda? F&Pféé‘%rdprs%orfiﬂg R €380t JrBENEHAN, | ﬁluf@}fﬂ%%@%ti’é@éiscof
conponent placenent system conposed of at |east ‘one placement apparatus
t hat bace§ e%ecaggn%c conponents on a circuit board, 10 an information
gener at’i on %ﬁ aratus ?5? %hanging novenent speed information relating to

the circuit board when the el ectronic conponents are @Laced t hereon, and
including : a no@%ﬁ%nta§ﬁ§ﬂﬂden°tes a series of operations consisting

of: the placement head moving to the component feeder, picking
up a plurality of electronic components, and then moving at a
set speed across the photographic range of the recognition
15 camera; the recognition camera photographingall the electronic
components picked up by the placement head; and the placement
head placing the plurality of electronic components on the
circuit board. Each placement apparatus places components on
a circuit board by executing a plurality of tasks.
20 Each task list includes pieces of placement information
equal in number to the nozzles of the placement head.
The task number is for identifying the task.
Each piece of task information includes a placement order,

a component name, a component number, an X coordinate value,
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storage unit operable to store circuit board novenent speed information for
each type of electronic conponent; an assignnent 15 storage unit operable
to store, for each type of electronic conmponent, an assignnment of the type
of electronic conponent type to one of the placenent apparatuses; a
selection unit operable to select, fromthe plurality of placenent
apparatuses , two adjacent placenent apparatuses; an extraction unit
operable 20 to extract slowest novenent speed information having a sl owest
novenent speed anong el ectroni c conponent types assigned to a placenent
appar at us ah#t cosrdocatedvapse r eand nogirdifndtee vialmeselaart edhpladeamst,

appar atuses; an extraction unit operable to extract novenent speed

i nformation havi fge g fAsdfén frer@nt nsRRA4E14 pokhaNohhen & Laglied 1gl owest
novenent speed information from anong el ectronic conponent types assigned

to a plaCGWE@EhQEH@H%éEEé98&ré§%%g&gﬁ$QIpemg%%%%%m@gg%nfgrﬁﬁ€§5¥Qr

sel ected pl acenent “appar at uses; epl acefrent unit opera to rgplace
the 5 extr fgggdnove Qt sgged information with the sl owest novenent speed
i nf or mati on;, *FA”t he veﬁ% ‘speed information storage unit. Furthernore,
the present invention is, in an electroni ¢ conponent placenent system
conposed of at |EXRICHROYIHe AR 18653 P4RPE /CIPRERPR B PeI BERFSHAI ¢
conponents on a circuit board, an information generation apparatus for
changi ng tact inflg neempeneel akWRger oldpetifiesia pompan@nen the el ectronic
conponents are placed thereon, and includes : a tact storage unit operable
to store circuitThmwakd tactdindbe natalare fendeachcoppdihbtef vellewt r bai C
conponent; an assignment storage unit operable to store, for each type of

el ectroni creopPonERtly ARS8 divRtndfe Vheubyded eheel etddr@iing teoRoaeNt
type to one of the placenent apparatuses; a selection unit operable to

sel ect, fromdihepgkutabht ¥n %ﬁ@fﬁﬁge&mm@ti%ssiactewor?c&ihécsmcekeceﬁent

20 apparatuses ; an extraction unit operable to extract slowest tact
i nforpgtign,haying a slowest tact anong el ectronic conponent types assigned
to a placenent apparatus that is |ocated upstream nost of the two sel ected

Pl acertent. appar ases: o8- GXhARS! 124" ihaRRSNAY G SALIAE {8F the
cassette or the tray, in the component feeder, that feeds the
component.

<Finél placement point list>
15 The final placement point list, as shown in one example
in FIG. 38, includes an area for storing a plurality of pieces
of final placement point information, each piece of final
placement point information consisting of a task number and a
final placement point X coordinate value.
20 The task number identifies a task.
The final placement point X coordinate value indicates
theXvaluecoordinateof thepositioninwhichthe final component

in the task is placed on the circuit board.

<Maximum Z coordinate list>
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faster tact than the extracted sl owest tact infornmation from anong

el ectroni c conponent types assigned to a placenent apparatus that is

| ocat ed downstream nost of the two sel ected placenent apparatuses ; and a
repl acenent unit operable to replace 5 the extracted tact information with
the slowest tact information, in the tact information storage unit.
Furthernore, the present invention is a conputer-readable recordi ng nedi um
storing thereon circuit board novenent speed information relating to
different types 10 of el ectronic component, and storing thereon novenent
speed i nf or mat i orfhchataiawubdewoocedliaeda By stthe asntbowat ionogenexanpba
apparatus. Furthernore, the present invention is, in an electronic
conmponent plradaEenBIsyshebudosasadeal far $€asinene pRluiaca eyt oE5p agpasat us
that places electronic conmponents on a circuit board, an information

gener ati on drethed s e iddord inRker FREFLeRAFS RS aéheﬂba@egéﬁﬂsméﬁimﬁmaﬂgi ng
en e

novenment speed information relating to the circuit boar

| ect [ i I ' ’ | | L
Choat et os. 25 TRENEDS P ALSEol g B BLBCTOOEL 1S/ B

circuit.board mvenent speed information for each type of electronic
conpone%t;%;ﬁ?%5¢iﬂé§%ﬁﬁggﬂestorage unit operable to store, for each type

of electronic conponent, an assignment of the type of electronic conponent
type to one of tH&epltaSdmambery 1deadidi@susesdsdnd the i nformation
generation nmethod including: a selection step of selecting, fromthe
plurality of pladbgenexappar ateseslinate atdjlareindilcacesehheappaateases; an
extraction step of extracting sl owest novenment speed information having 5 a
sl owest novewedinsiecdadmengmehgcthiornt cooadiaaert vaypes Hssigaedngotike

pl acenent apparatus that is |ocated upstream nost of the two sel ected

pl acenent appdrdbuses; aaraddtaet ioan astt&ﬁgofireﬂﬂea@dmﬂm%déﬁ@eed
i nformation having a faster novenent speed than the extracted sl owest

novenend speed iQ&ggg&?ﬁg@ firem,10 anong el ectroni ¢ conponent types
assigned to a placenent apparatus that is | ocated downstream nost of the

t | ected pl t , I t Lt bl e t
ol ace th oxtr SEDCaERRvBREa St WSt ot i CREPHECSHMERT " iR enent

i nfor, iqn, in th v i_nfor i on r ni
speed Oqucaz udes a p}.uxe'afgtgrgefmpis c%esdof t(a)ls ;tbagr ilr?fgérr?aégoen,u eaEch

of which includes a variable a, a former task number and a latter
task number.
15 The variable a is a variable used in return optimization
which is described later.
The former task number identifies a task performed hefore
a latter task.
The latter task number identifies the task performed
20 subsequent to the former task.
<Placement order list>
The placement order list, as shown in one example in FIG.
41, is a data table that stores information indicating the order

in which tasks are executed.
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Furthernore, the present invention is, in an electronic conponent placenent
system conposed of at | east one placenent apparatus that places electronic
conponents on a circuit board, an information generation programused in a
conput er for changi ng 20 novenent speed information relating to the circuit
board when the el ectronic conponents are placed thereon, the conputer

i ncludi ng: a novenent speed storage unit operable to store circuit board
novenent speed information for each type of el ectronic conponent; and an
assi gnment storage unit operable 120 to store, for each type of

el ectroni ¢ conpolibatplacemest giden lofstt hactlygesofneires riort ¢ tevnigoneant
type to one of the placenent apparatuses, and the information generation
met hod i ncpudiragitg «fep bedé oLl anfersebegét ngfotrmamibhe g ah alf iwthyd cof

pl acenent 5 apparatuses, two adjacent placenent apparatuses; an extraction

step of extbasikhRg slkowept apBMEARNbraBeedntNhOLEBKI Qlmbayi Ng a sl owest
novenent speed anong el ectroni c conponent types assigned to a pl acenent

apparatus that ignlogpled,dpstsaa i@itéé‘%ﬁé"%o&f:‘ﬂtﬂcér{e%fpl fai

appar at uses; an extraction step 10 of extracting movement speed information

havi ng .a fast movenent .speed than {he _extr Lo vement speed
inforné?io%afﬁéﬁ18ﬁ§ﬁ5 SFeEF?SH%%88o§%oE§ﬁtP?§%§§e§Es%§§éég¥8ga pl acenent
apparatus that is | ocated downstream st of the two sel ected pl acenent
appar atuses ; andt® FepkaReRRRT HAPRtopaPaALFBSt B2PEpl ace 15 the extract ed
nmovenent speed information wth the sl owest novenent speed information, in
the novenent speéd)i @pbimbzabhosterige20Ait. Furthernore, the present
invention is, in an electronic conponent placenment system conposed of at

| east one pl acenehe 2ptdppaedtion timit plldcesredrecinoas c thenpoieneés of a
circuit board, an a conputer-readabl e recordi ng nmedi um havi ng recorded

t her eon ancomponsnti famgenef GOt ¢ii O Rl SRGiddhehtC ovamad a1 sftols telradgi ng
novenent speed information relating to the circuit board when the

el ect n@Ni Ci £ WRONGIESrR 8 ) 3¢RFalyRenagR. 2058 LMD W ckdding id¥ddidicrg: a
novenent speed storage unit operable to store circuit board novenent speed
7for At O0ohBEnEREN dokRR O ThEC!SGRbEnEAEPANAY | 1200 AeRSSl KR L

st or age unl
descending order of component count is shown in FIG. 33.
Next, the optimization unit 203 calculates an average X
coordinate value Xm and an average Y coordinate value Ym on the

15 circuit board for each component name indicated in the stored

component name list, using the following expressions.

<Expressions>
Xm = {X0 + X1 + ... + Xnl}/n
Ym = {Y0 + Y1 + ... + ¥nl/n
20 Here, n indicates how many of the specific component are

to be placed on the circuit board.
FIG. 34 shows a planar view of a circuit board 421. FIG.
34 shows, in a case in which four components indicated by the

component name A are placed on the circuit board 421, positions
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to store, for each type of electronic conponent, an assignment 5 of the
type of electronic conponent type to one of the placenent apparatuses, and
the information generation programincluding: a selection step of
selecting, fromthe plurality of placenent apparatuses, two adjacent

pl acenent apparatuses; an extraction step of extracting sl owest novenent
speed i nformation having 10 a sl owest novenent speed anong el ectroniec
conponent types assigned to a placenent apparatus that is |ocated
upstream nost of the two sel ected placenent apparatuses; an_extraction step
of extract$hy vt $PecdonpPBeRESi Bha®RYiqly e ssteifoberEfy 3peed
than the extracted sl owest novenent speed information from 15 anong

el ectroni ca cpopbneot 4 3D eisndiss gk it @ Xplcacesmz tap varlattuXmt batl asY

| ocat ed downstream nost of the two sel ected placenent apparatuses ; and a

repl acenentodPiin9pEr akllaid O yheptareul AeeeXxtysigied tifevegestetipaetoned
information with the sl owest novenent speed infornmation, in the novenent

speed i nf orpBLson; 305 St YBAE YL ool taa%:aswe%t therpeeserbi Y8Rt AR s an

optim zati on apparatus for optim zing an €l ectronic conponent placenent

order used £ N i . I at
"east 8ne eriefrhf aSIENAARAR ALE 1 SO AR EEdBhpbiBh e AR AESET
conponent noyes to a sugtion_ position of a placenment head, and the,

ol acenent HRARHERDY, A to tEP FPEPEBRBGNEAL & MM ARFYS dRuér Pafd ShPhces
the el ectronic conponents on a circuit board, the optim zati on apparatus
i ncl udi ng: 12Ai¢aked BEtha sl AR d XGRaTrabing tieg bl @ &1 agKeY gporfenate

el ectroni c conponents and set the electronic conponent as a first

el ect r oni cvabng dmenthe pddlmiadtiiconunnitt 2 @hdedblrainessehedt cepedinahéc
conponents other than the first el ectronic conponent one at a tinme, set the
sel ect ed ef&li¢ af ctiod partenicaas et teeeand relyethr checcomppaorent feaddr 10
calculate (a) a head novenent tine required for the placenent head of the

pl acemgnt sppekat UsotEndPreirn etidi yedyrésedR PRS6EEER %eﬁ@ckhﬁpffhét
el ectronic conponent is to be placed to a position where the second

el ectroni %&W&%@&sﬁ EQtQESFg@ﬁSQSiBgé & N&ader nanyanEnt, 44 18 (gYHi red

for a feeder at sup es t 15" second el ectroni c conponent to nove to

or a &5 the 15" second “cdmponeiit
Dl acd. anb 1 1 B orar it RS P oo s DR REAAT R S5 RIBL B A OSEE o

the first gl ectronie somonent, tg mye Lo the; placeyent head susticr.

FIG. 35 shows an example of a Z axis list generated in this way.
15 As described, the optimization unit 203 determines the
7Z coordinate value for each component in the order in which the
component name information is stored in the component name list,
and therefore the Z coordinate value is set such that the greater
the component count of the type, the lessmovement by the component

20 feeder in the Z axis direction.
Next, the optimization unit 203 generates a plurality of
groups by rearranging the component name information included
in the component name list, according to the nozzle or tool

included in the component name information. FIG. 36 shows the
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position after the second el ectronic conponent is placed; and 20 a

sel ection unit operable to select, based on the head novenent tines, feeder
novenent times and return novenent tines calculated for all electronic
conponents other than the first electronic conponent, an electronic
conponent from anong all the el ectronic conponents, other than the first

el ectroni c conponent, that is 123 to be placed next after the first

el ectroni c conponent. Here, the selection unit includes an operation
sub-unit operable, for each el ectronic conmponent other than the first

el ect r oni c COBRPBREANARS ld@Tc i st o FhpwrenrRRen s nameotpf ogratbioyhasy ce
the return tinme and (b) the feeder novenent tinme, and adopt the greater of
t he cal cul eed Teadranyedsm thissvaind terecaroubanedtvaange indpdmation

el ectroni ¢ conponent selection sub-unit operable to select, as a next

el ect roni cthanpoimwntudes bexqdzAdced gf't efotie fgirosip ellectdampanearonpaaeart , an
el ectroni c conponent 10 corresponding to a small est val ue anong all the

val ues adophed-R¥thBa tARET héPRASHROERLE 0T £&ARSs ghretl PNhd CORRORRRLS
other than the first el ectronic conponent. Here, the placenent apparatus

i ncl udes anéﬁ[eaﬁ.)ifB!rﬁ’t%g%ﬂt t@ﬁ%din%’i%% en%%‘.%gt h@n Lf%'r‘insrsrgk‘éﬁ S 30ne

el ectroni ¢ conponent based on the calculated head novenent tines, feeder
novenent tinmes, return . novenent. tinmes, an ot ar | acenent__head

el forotati on i NEKE AR SRmRE 2o o pBLE A0 T FoBkelet S Bl e 25 on
net hod used in an ogtinization,ap aratus for, optim zing an_20 el ectronic
conponent pRaEehERES oPUfCREM R G ‘ﬁ%&%’rﬁgr&ﬁ% &Ps SerhwRPEROAS Eeder
that supplies at | east one el ectronic conponent of at |east one type of

el ect roni cieokpeneprrapebt tablesudl @xamslia iadn solgengadeshtasknéddt and

t he pl acenent head picks up el ectronic conponents fromthe feeder and

pl aces 124is shewml ot FOGi.c3Zonponents on a circuit board, the optim zation
met hod including: a first selection step of selecting one of the electronic
conmpon@nt s and seéxthehrl eptindz&t CONRAIIEN: 0 Asled efrimisie o4 @ALHOMHE each
conponent; a calculation step of selecting 5 el ectroni c conponents ot her

than the fhrshi 8l eciF ONidy CARANERLsQBELEYtRal] MBacSELA1RY tthe sekgehed
el ectroni c conponent as a
optimization. Details of return optimization are described
below.
Next, the optimization unit 203 finds, for each group,
15 a point on which the group can be most quickly placed on the
circuit board, and connects the cassette path and the tray path.
<Operations for path determination according to return
optimization>
The following describes operations by the optimization
20 unit 203 forpathdeterminationaccordingtoreturnoptimization.
The optimization unit 203, for each task, extracts the
X coordinate value from the task information that is last in

the placement order in the task list corresponding to the task,

generates final placement point information consisting of the
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second el ectroni c conponent, and calculating ( a ) a head novenent tine
required for the placenent head of the placenent apparatus to nove
relatively froma position where the first electronic 10 conponent is to be
pl aced to a position where the second el ectronic conponent is to be placed,
(b) a feeder novenent time required for a feeder that supplies the second
el ectroni c conponent to nove to the placenent head suction position if the
second el ectronic is to be placed, and ( ¢ ) a return novenent tine
required 15 for a feeder that supplies the first el ectronic conponent to
nove to theGtaBERBRT iRt stitkhDhheos? $F andatbecttiadadb i edirame
conponent is placed; and a selection step of selecting, based on the head
movenent tiveddle, dmduei taevdesrangriatesl fhdat eflacemrotememt in fwmsnalcnl at ed
for all electronic conponents other 20 than the first electronic conponent,
an el ectroricc et gladmemmnealdt tihiestel ectroni ¢ conponents, ot her
than the first electronic conponent, that is to be placed next after the

first el ectronicyemmonald .ot NI ISR, uhDE PDESERL I AVGRL Ahd SFAfh1
optim zation 125 programused in a conputer for optimZing an el ectronic

componest pliacRiRi: BEIRE HRRddL R iCRHEN 1 APPRNALRIL YBLAR i deeder

that supplies at | eaSt one electronic conponent o ast- one type ©o

el ectroni ¢ _conponent _noves to a.suctio ositjon of .a 5 placenent_head, and
the pl acenéit “fedd Prekd ass8?3@%P%n?5885n%tn%n?%°¥4b%?Y§éy? %ﬁkﬁfeﬁhF

pl aces the el ectronic conponents on a circuit board, the optim zation

progr am i ndiddilngt aGeReRE PodBlte ANDAVRY BB LS dd1tR TR SABadiParement

el ectroni c conponents and set the electronic conponent as a first

el ect roni c pedmohesit with the ficalaiagentep pofingel vt ingrleldctherfiimal
conponents other than the first el ectronic conponent one at a time, setting
t he sel ect edaglegenitopiod ntotpdnenttdsnahaecbadnetrestrangedcomonredinpland
calculating ( a ) a head novenent tine required for the placenent head of

t he pleaTemedt tppdiakals pladsmeat’ eodnitvaliyst riegmshdwesiid errcl5 3ghere the
first electronic conponent is to be placed to a position where the second

el ectroni c conponeRt,iehé &8 ml2%8%n (RitdLeder dDVemRRY tERgLaqd red
for a feeder that supplies the second el ectronic conmponent to nove to the

pl acement gxgaqmw%i QBoRAShEAN L ub hfnsgfgjgn@aﬂe fé@f}!&ﬁe}}g&&gﬁ'@oced’

and (c) a return novenent tine requir for a feeder sup es the f
first elecggpn%cs ongo ent.%o ve ththe pl acenment q§ad %yction osk;ion
after the SBEONASEN cBBRONT & EONPORINTXFAThI ACtRET i Lo value compose
of the task number identifying the task and found maximum Z
15 coordinate value, to the maximum Z coordinate list. The maximum
Z coordinate list is generated in this way. FIG. 39 shows an
example of the maximum Z coordinate 1list. The optimization unit
203 then rearranges the maximum Z coordinate information in the
maximum Z coordinate list, so as to be in descending order of
20 maximum Z coordinate, and rewrites the former maximum 2
coordinate list with the maximum Z coordinate list in which the
maximum Z coordinate information has been arranged.

Next, the optimization unit 203 repeatedly executes the

following processing while incrementing the variable a starting
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a selection step of selecting, based on the head novenent tinmes , feeder
novenent tinmes and return novenent times calculated for |26 al |

el ectroni c conponents other than the first el ectronic conponent, an

el ectroni c conponent fromanong all the electronic conponents, other than
the first electronic conponent, that is to be placed next after the first
el ectronic conponent. 5 Furthernore,the present invention is a
conput er -r eadabl e recordi ng medi um havi ng recorded thereon an optim zation
programused in_a co ter for .optimzing an electronic c onent pl acenent
br dor - Used HEATaLp] SREnbrit S Sa5LE04E Pt GRFARE & VoGS CERAL Bapie a2 sk

| east one el ectronic conponent of at |east one 10 type of electronic
conponent AYP®EI.0 a suction position of a placenent head, and the

pl acenent head picks up el ectronic conponents fromthe feeder and pl aces
the el ectroni c canpBhe s ion za tdianc untl th2@s dsettshéhept & sk ziate roni. Hi @dybgym
including: a first selection step of selecting one of the electronic

conponent s the Kk fehbéhenel agbrdn €he FIRGN L Asneh f pb i h 8t neloredataine
conponent; a calculation step of selecting el ectronic conponents other than

the first ehgel{ORe LOMPINEHe PRRaRlp PaddBnt POLLILNDI 4HE a%ehl?&t]f&mer

el ectroni c conponent as a second el ectronic conponent, and calculating ( a

) a head mpyemrent, %%geapgﬂukggg Eg&rthe pl acenent 20 head of the placenent
y fro

apparatus to nove relativel a position where the first electronic
conponent is to gg glace tq a_posi secon ectr

conmponent is to 1S OB ,lm(l@)atd'c’fnetl%iagE %géﬁlgpﬁnﬁa‘?gqﬁ?%%lfﬂégﬁ’yf eeder

t hat supplies the second el ectronic conponent to nove to the placenment head
suction 12%he Gk pppherfinadgsebndhe By iBnn é Feofdiprteladegmaddi@nc) a
return novenent tine required for a feeder that supplies the first

el ect r oni ctbetipbndrie &othvvethe mareimimadeneptdheade ductt ,oaspolse tliadrteaf t er

t he second el ectronic conponent is placed; and 5 a sel ection step of

sel ecttiong, thakednomhehe-bhhadaskvpaent tines, feeder novenent tinmes and
return novenent tines calculated for all electronic conponents other than

the first el ectropi cTe@NMRPIafizaA1 Rl eahrieni gogorponerdtéds omam®Ngaakl the
el ectroni c conponents, other than the first electronic conponent, that is
10 to be pkagsdmaexbnaldfyi dthed b HheLl-8ELARDE G, CONP IR Her task number
that identifies the former task, and the latter task number that
ideéﬁ:ifies the latter task, and writes the generated task pair
15 information to the task pair list.

Next, the optimization unit 203 extracts, from each task
list, the piece of task information that is last in the placement
order, and then extracts, from the plurality of pieces of
extracted task information, the piece of task information that

20 has the greatest X coordinate value. The optimization unit 203
assigns the position “*1” in the placement order to the task
identified by the task number in the task list in the extracted

pieces of task information, generates task order information

consisting of the task number and the position “1”, and writes
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Furthernore, the present invention is an optim zation apparatus for

optim zing an el ectronic conponent placenent order used in a placenent
apparatus that places electronic conponents on a circuit board by
repeatedly performng tasks until all 15 el ectronic conponents to be placed
have been pl aced, each task being conposed of : a feeder that supplies at

| east one electric conponent of at |east one type of el ectronic conponent
noving to a suction position of a placenment head that includes at | east one
nozzl e, and_the ﬁlac%gﬁnﬁ head Eickin ,up at | east one 20 electronic
conponent fISnIEHer kR aﬁﬁﬂeﬁléﬁ?ﬁﬂg%ﬂgoé?aFé%gﬁbu%eB#é&@ﬂeﬂﬁC@FB%Eronic
conponent on a circuit board, the optim zation apparatus including: a task
i nfor mati ofisttorage unit operable to store task information for each task,
each task information including (a) a placenent order of electronic 128
conponent s i n th&ekéskthé ptplraceneidn positt RO0Asrepaehedl ywtedutadlitdad es
where a different one of the electronic conponents is to be placed, and (c)
a feeder p@sillliowinighgireatkisBdny ROSIlE ahenthe iRedele thati sRpld g, tihe

el ectroni c conponents; a first 5 generation unit operable to generate an X

coor di nat e ghiagt 1Ry f@&ﬁﬁﬁnghagltQilt@égkénﬁgkﬁﬁgganaggi.ﬁé& égghgﬁﬁgnﬁs to

be in descending order of X coordinate of placenent position

electroniciﬁoqﬂgp§agcgﬁghtiBrhg?.placenent order in each task information;
a second geénerati on unit operabl'eé to generate a 10 Z coordinate |list by

rearranging the task information so as t e_i.n _ascendi ng order of a
greatest feeder Eés???cﬁP?%W%ﬁﬁﬁﬁ?%é%”ﬂh%@gnﬁﬂpgﬁ;tﬁﬁdt% JEL} Yni t

operable to alternately select a task froma top of the X coordinate |ist
and a top ofepkédizegohelitdstkenpVingia Posd tipat @d oberplagpemersiogisiedach
task 15 a position in the placenent order according to an order in which
the tasks ®ere Sékevtadempokeprdkre dpsitni zati on apparatus further
.includes: a calculation unit operable to calculate a first total nobvenent
amountl® hat i ndi 2atBise sopi istiaectei dibatnitth@oBeadndpyesroh did a3k i2® are
executed in the placenent order assigned by the assignnent unit; a task

sel ection HAkttHPerRAlreih@osRhesbnt ¥Rat askSiudy khkershABge 48l hugPrrabl e
to swap the two selected tasks with each other in the placenent order; a

calculatioydag§&f9@ﬁga9hs EQrmakCcthake 2neeeBRflekOtalkMRLqERNLHAMYRY that

indicates a 1
identified by the found task number.
3) The optimization unit 203 finds the latter task number
15 from the found task pair information.

4) The optimization unit 203 judges, using the placement
order list, whether or not a position in placement order has
been assigned to the latter task identified by the found latter
task number.

20 5)-1 Ifapositionintheplacement order hasbeenassigned,
theoptimizationunit 203 judges whether there are anyunassigned
tasks to which a position in the placement order has not been

assigned, and if any such unassigned tasks exist, assigns the

position “at+l” to the remaining unassigned task having the
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di stance that the head noves if all tasks are executed in the placenent
order in which the interchange unit has interchanged the two tasks; and an
adoption sub-unit operable to adopt a placenent order of all tasks that
corresponds to a smaller of 5 the first total novenent anount and the
second total novenent anmount. Furthernore, the present invention is an
optim zation nethod used in an optim zation apparatus for optim zing an

el ectroni c conponent placenment order used in a placenent 10 apparatus that
pl aces el ectroni c conponents on a circuit board by repeatedly performng
tasks untifreatestetinahi pleoapenentscoordenptaced have been pl aced, each
task being conposed of : a feeder that supplies at |east one electric
conponent of at %past Ihe pppetabneliecthen Xacanmonentdam\harg nbe BegHCt i on
position 15 of a placenent head that includes at | east one nozzle, and the
pl acenent deadgPbgKitiek bptahnik8asbnonei €128ct heBk gnsoMPO MY thilkpmkhe - f eeder
and placing the. at |east one picked up electronic conponent on a circuit
board, th i m i ratus including: a task information storage

uni t opergg?gﬁ%%1§?%$§92g£$33k information for each task, each task
information including.( a ).a placenent o of .el ectroni¢c conponents in
Lhe tagk. (b plEAnersbrergre BB ngE T GG A oS A B L eRt

di fferent one of %ﬁe el ectronjc conponents. is to be placed, and ( ¢ ) a
feeder poFRPWHE i i Ba%i APA Postit ohCbtOVhRI f ¥R¥ef Of h8RCRupPFFes the 130
el ectronic conponents, and the optim zation nmethod including: a first

gener ati on step B¥G gerfer attisngaarPdardor diirit e shicstingy ithgrrapgihgonae task
information for all tasks so as to be in descendi ng order of X coordinate
of pl acenerdlgoisinishoip detaredn dller taiamwd tc hoponedtS 1l antd ithet heagl a¢enent
order in each task information; a second generation step of generating a Z
coordi nat erd FSt .by2 | eyAdARG 093t hes 4 Asde d .k p& PtdOIMED caStHR® Nead 041 .
ascendi ng order of a greatest feeder position in each task information; and

an asgpgniEY AP Btd esdid Bl e S eF £GhI 88cH lornd ASKy fERMbAFEOP REpthe X
coordinate list and a top of the Z coordinate list in the stated order, and

assi oni g each_tLaske 4.P0ST 14 OMdd tfie RKACRIEDS 07 AP, A%0EHL0Y4LA 4 OF der

in which the tasks were se
the head 441 respectively pick up components N1 and N2, and place

the components on placement points 452 and 453. Here, assuming
that the coordinates of the placement points 452 and 453 are
15 (100, 200) and (200, 200), respectively, the movement amount
AX of a central point 442 of the head in the X direction and
the movement amourt AY of a central point 442 of the head in
the Y direction are, respectively, as follows.
AX = X coordinate of placement point of N2 - X coordinate
20 of placement point N1 - offset = 200 - 100 - 20 = 80
AY = Y coordinate of placement point of N2 — Y coordinate
of placement point N1 = 200 - 200 = 0
In this way, the optimization unit 203 calculates the

movement amount of the center point of the head taking the offset
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Furthernore, the present invention is an optimzation 15 programused in a
conputer for optimzing an el ectronic conponent placenent order used in a
pl acenent apparatus that places el ectronic conponents on a circuit t board
by repeatedly performng tasks until all electronic conponents to be placed
have been pl aced, each task being conposed of : a feeder that supplies at
20 | east one electric conponent of at |east one type of electronic
conponent noving to a suction position of a placenent head that includes at
| east one nozzle, and the placenent head picking up at | east one electronic
conponent &P AF€MEEder and pl acing the at | east one picked up el ectronic
conponent on a circuit 131 board, the conputer including : a task

i nformati on st or 8ggtunthe opetriabl m tiorsuoiée Raskcahdwliatees entboalenthof ask,
each task information including (a) a placenent order of electronic
conponent s the heeadt askemeh)t phaceERf RPQASI taeks,. each of which 5 indicates
where a different one of the electronic conponents is to be placed, and (c)
a feeder positiofekRditaal bPgidi POSILh 991_@‘2dﬁ@&@%ﬁ@&&ﬁ%ﬁgﬁwf &hide

el ectroni c conponents, and the optim zation program includi ng: a Tirst

gener at4 on f. gene | or di e_list_b arrangi,ng t.he task
10 info rratt?tg%@f o 2 S{e?s & s%%fsg*%:%e b’g‘!"lgj%5 d%ch‘ﬁaFﬁagngéﬁs%F % 1y,
coordi nate o acenent position of an el ectroni c caonponent last in the

pl acement S?EEB&FﬁeﬁaéhmP¥§WeP%fSPHEPFOHF %§e@§ﬁ§ e fdGorrastep agrd
generating a_Z coordinate list by rearranging the task information so as to
be in asceRBlAYLBFEEr2 JiotR hFeyeBsnt13mpuREePl poEth iU the boed faslkell

i nformation; and an assignnment step of alternately selecting a task froma
top of thetXskBerdinate list and a top of the Z coordinate list in the
stated order, and assigning each task a position in the placenent order
accordi ng to an Beger tile vhtihitheibasksi wene sedeeted pLdcdmsihenreie, the
present invention is a conputer-readabl e recordi ng nedi um havi ng recorded

theream anceptd JRZahE Ak HPILATCUSBHekt He GRBBUAG ehd¥it QRIGURLZE B8 Alkh
el ectroni c conponent placenent order used in a placenent apparatus that

pl aces el egfLRNiG L ?Pepﬁﬁftésoa[‘tétﬁhrn%@émé%?@%ﬁo‘%trﬁi)g ﬁﬁbﬁ t@fr‘é L@ ng
a e I ﬁ

132 tasks until ectroni c conponents to be place ave been placed,
each task bging, goppoggd of : a feeder that supplies at

Next, the optimizationunit 203 compares the total olength

with the total nlength, and when the total olength is equal to

15 orgreater thanthe total niength, employs the switched placement

order. When the total olength is less than the total nlength,

.the optimization unit 203 emplovs the original (‘un-switched)
placement order.

Next, the optimization unit 203 adds 1 to the wvalue of

20 task2, compares task2with the task count, and if task2 is equal

toor less than the task count, repeats the described processing.

When task2 is greater than the task count, theoptimization

unit 203 adds 1 to the value of task2, compares task2 with the

task count, and when task2 is equal to or less than the task
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| east one el ectric conponent of at |east one type of electronic conponent
noving to a suction position of a placenent head that 5 includes at |east
one nozzle, and the placenent head picking up at | east one electronic
conponent fromthe feeder and placing the at | east one picked up electronic
conponent on a circuit board, the conputer including : a task information
storage unit operable to store task information for each task, each task 10
information including (a) a placenent order of electronic conponents in the
task, (b) placenent positions, each of which indicates where a different
one of theCelett rbapeatdnpomedescribed peopeageeld- and ( ¢ ) a feeder
position indicating a position of the feeder that supplies the electronic
conponents, and When tas@ptisngzed tan thaogriantask codnhg tie éptshigentoat i on
step of generating an X coordinate list by rearranging the task information
for all tagkstsmasdiehatds dascradingovedernt dfmotodad eaicd ehspl agenent
position of an el ectronic conponent last in the placenent order in each

task i nforpgd i%pp%éﬁﬁaeemggtmla,t 29 85 €0y 0ktasnaakbhe 18ndvEReRdi nat e
list by rearranging the task information so as to be in ascendi ng order of

a greatest ro oSkt I ac k. I of ormati on; and an assignnment step
of al tér na?%‘?@gge?fé)c(?# n%gé; I%é;as(ﬁ Jf&o%ﬁ; %%%k%f the X coordinate |ist and a
top of the Z coordinate list, in the stated grder, 133 nd assi.gni ng each
task & position NGKEhehs QBLHBAEADEABr ARt A AGNPATER BF dBrth BLANRER  he
tasks were selected. Furthernore, the present invention is an optim zation
appar at us ¥ReD ofR i ¥ ZiafF &had Bdtr 6HPEtidnpeseRL PLhiBeRent2bfdeePsatiSed in
a placenent apparatus in which a feeder that supplies at |east one

el ectr oni cclvongesentbed prodemsinodne type of el ectroni c conponent nove to a
suction position of a placenent head, and the placenent head picks up

el ectroni ¢ conpaftest P2f Loy tdetdeadan ardephates e ehecspohmizaviponent s
on a circuit 10 board, the optim zation apparatus including a plane

gener api onyii to@pesdd ec KO esedsd engfor each el ectronic conponent type,
an i magi nary conponent plane that iné?udes positions in which electronic

component s of e 4 Xielie 4 1y RLACec: AL AN IS gRnosed ed

conmponent planes in eterm-ne ; rearrangenent unit operable
(5 enrange Rl ) S 8 OB OUT.ERL L 0CRC A P ILL gper 01
apparatus 200.
(1) Outline of operations by the optimization unit 203
15 The following describes an outline of operations by the
optimization unit 203, with use of the flowchart shown in FIG.
43,
The optimization unit 203 rearranges the pieces of
component name information included in the component list, so
20 as to be in descending order of component count (step S401),
calculates, for each component, the average value on the circuit
board (step S402), determines 7Z based on the average value

calculated for each component, and generates the Z axis list

(step S403), rearranges the pieces of component name information
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conponents on the conmponent plane; and a 3D path generation unit operable
to generates a 3D path that connects the conponent planes , 2 0 by
connecting the path within each conponent plane with the paths within other
conponent planes. Here, the rearrangenent unit includes an extraction
sub-unit operable to extract, for each conponent plane, an exit electronic
conponent, the exit electronic conponent being an 134 el ectronic
conponent for which the placenent head novenent tinme fromthe exit
conponent on an origi nal conponent plane that is the component plane, to an
eIectroniclﬁé@ﬁﬁﬁﬂﬁoQﬁP%@%@ﬁﬂléGmﬁﬁﬂQﬁdkﬂ%ﬁ@npﬁé@ewﬁégk@hért FeBHent
plane, is within a 5 feeder novenent tinme; a calculation sub-unit operable
to cal cul ayvenefatrirgerplorial sl of gmporent spraféldnd assciyrsexpleorpenént

pl ane, an exit candidate count that is a total nunber of exit electronic
conponent spoantd tal entAt taskorarachenergtosl acoaprnenttplanep gnoexit
candidate total that is a total nunmber 10 of exit electronic conponents; a

sel ection sub-ungiyopenallpt 1A S8 iR udt 963 aeRalrnG ARRONEIY c DERAB-RRYI NG 2
smal | est exit candidate total and set the selected original conponent plane

as a fisf Stofowe%gxolﬁ aaﬁss@@@.e?ﬁ!rglg a ne?%t}gg{%%il@ ane that has a

greatest exit candidate count w épe%t the first
conmponent plane, and set . the ected .next co nent plane.as a second
conponent %?gﬁ%?z%ﬂhoﬁ?é3ﬁ&ﬁé§§)b%&ﬂg%Wé%ﬁ%agﬁé%x’ -%ﬁpﬁn%ﬂﬁ?ggFg to

i nterchange the first conponent plane and the second, conponent plane in a
conponent PrafEFQRIERD R mest AELiekLY R 2SR G Fh§e?%r%u%ﬁl%a€¥-£ﬁﬁﬁéﬁ ar ea,
each 20 side of the square-shaped area being a | ength corresponding to a
nmovenent t$4@7 bf and esaeectandhg caasettefpahke ndidie sivgiepashedsbebng a
position where an exit electronic conponent is to be placed, and, if an

el ectroni csc@dponent on the next conponent plane falls within the set
square area, judges that the placenent 135 head novenent tine is |ess

than tbe feeder ppyepeeh dernfiyiMer sP&fatibfs PaeeHdingverd i eatisnan
optim zation nethod used in an optim zation apparatus for optim zing an

el ectroni o cORPNER Pl acenent order used in a placenment 5 apparatus in
whi ch a feeder that supplies at | east one electronic

The following describes path determination operations
according to return optimization, with use of the flowcharts
in FIG. 44 to FIG. 48.

15 The optimization unit 203 finds the X coordinate of the
final placement point of eachtaskand generatesa final placement
point list (step S5421), rearranges the final placement point
list, so as to be in descending order of X coordinates (step
$422), finds the maximum 2 coordinate of the component type for

20 each task and generates a maximum Z coordinate list (step $S423),
and rearranges the generated maximum Z‘coordinate list so as
to be in descending order of maximum Z coordinate (step S424).

Next, the optimization unit 203 sets the variable a to

“1” (step 8425), sets the a-th task in the final placement point
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conponent of at |east one type of electronic conponent nove to a suction
position of a placenent head, and the placenent head picks up electronic
conponents fromthe feeder and places the el ectronic conmponents on a
circuit board, the optim zation nethod 10 including: a plane generation
step of generating, for each electronic conmponent type, an inmaginary
conponent pl ane that includes positions in which electronic conponents of
the type are to be placed, and arranging the generated conponent planes in
a predeterm ned order; a rearrangenent step of rearranging 15 the conponent
pl anes; anlépti drmhratPrgeretaskoimn sthepaothgensk aEing (swephs4Répctsets
conponent plane, an optinum path that connects the conponents on the
conponent phane-ahdtasBDipathe gearelmin ofh Sdepd Diageneisd iatg the3D atdy t hat
connects the conponent planes, by connecting the path within each conponent

20 pl ane wtabktie tpat hstwitdiinpat berseoppanent, ghages: - EHrE}Y@Rz@%?i‘%vbltetw
or

present invention is an optim zation programused in a conputer

optim zi nga K@i C I t, qr d.i cene

appar at Us T rCRon 2 Peeder PRRar o iaathe fartt B8 B AR E  onent
of at leas e Y of electraonic co ent ve to a suction

posi ti 05?1 o%fg&p? g%gﬁr%gr?tlﬁqga S eacﬁ%fﬁt & BFalg%% aﬁ’eﬁg[e)pF%‘F(% Qe dEHEENI ¢
conponent s ;%& the feeder and places the el ectronic conponents on a
circuit bodtt?)t nESHPFPRi 28t FoRPprbgf affAnErRERLS the prafessigeneration
step of generating, for each el ectronic conponent type, an inaginary
conmponent pl ane WiRR Ghe vaddabdesitivmrdatashitbanetbet tagh coomipgserps of
the type are to be placed, and arranging: the generated conponent planes in
a predet erpdded oriteroptimezatiomensitt X @sefigrearthengiosd tiibe carmpanent

pl anes; 10 an opti num path generation step of generating, w thin each

conponent Planaskaordeti tontipatdadihabveagness o drer SONFARANL p19BehbE
conponent plane; and a 3D path generation step of generating a 3D path that

connegps Qﬂﬁlgpmeﬂﬁﬂﬁdpﬁgﬁgs(S@gpcgggg;ting the path within each conponent
plane with the paths within other 15 conponent planes. Furthernore, the

o e pat. € I b ; . ded
' lﬂgfggn an opt %féz’*a‘?i %ﬁiﬁ%ﬁgﬁ%ﬁﬁg’? ng%{gg%%%t%egg?gfgég{}% 3 tﬁg ﬁ_ﬁgo;h_e h
el ectroni nen nt _or sed.in a cement apparatus in whic

a feeder gﬁﬁﬁgggiéﬁhp%1gggg?sﬁsgsgigﬁg’eg%%$?dwgiqﬁﬁggdﬁﬁﬁfg§faéFhIéﬁst one

type of electrqnic _conponent nove to a suction pgsition of a placenent
head, andtﬁﬁépgﬁg gﬁgﬁPcﬁggHTd@cF?euBl€F§@€P6nPEd€6nﬁéﬁ§n£§t?Poﬁ4§%éffeeder

and pl aces_the el ectroni c conmponents
finds, from the task list, the pair in which the found task is

15 the former task (step S5433), finds the latter task of the found
pair (step S434), and judges whether or not a position in the
placement order has been assigned to the latter task, using the
placement order list (step S435). Ifapositioninthe placement
order has been allocated (step S436), the optimization unit 203

20 judges whether or not there are any unassigned tasks to which
a position in the placement order has not been assigned, and
if any such tasks exist (step S437), assigns a position “a+1”
in the placement order to the remaining task having the greatest

final placement point X coordinate (step $438), adds “1” to the
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on a circuit board, the optimzation programincluding : a plane 137
generation step of generating, for each el ectronic conponent type, an

i magi nary conponent plane that includes positions in which electronic
conponents of the type are to be placed, and arrangi ng the generated
conponent planes in a predeterm ned 5 order; a rearrangenent step of
rearrangi ng the conponent planes; an optinmum path generation step of
generating, wthin each conponent plane, an optinmum path that connects the
conponents on the conmponent plane; and a 3D path generati on step of

gener at i ngV&T3BP&th (FREP Schhhbctadither sRpBHREATLPFRARS 4 P arR@AeRadtfy t he
10 path within each conponent plane with the paths within other conponent
pl anes. | nthst pirakespphipcabi ity The optim zati on apparatus of the present
invention can 15 be used to inprove efficiency of placing electronic
conponents in a pfageneattappaisk Hestiwd bpkacess ifreeEhesld ©@fhén € ¥HARRENt S
on a circuit board. 138 Clains 1. An optim zation apparatus that

optim zes @selagcs@rﬁ%r}t, oh&epthini YRt eBnRIBA! § ODhE sSGRRIMDSs BF EoRNg0Qd on a
circuit board by two or nore placenent apparatuses, 5 wherein a first

assi gnent 8l paglchuhe. o LSSl 8R4 6 CURANANL L0, BLACBTBNL (seep |

appar at uses has been ermned i n advance,” and a first acement' ti
been calcu% %é in ance for each pla nt aratus, each first
o acenment TiAg) bemeh CHeR Rs i FP G G0 IORE S SEBRBRE b AEAEES S0%! ace
el ectronic 10 conponents assigned thereto according to the first assignnment
on the circuit bbardhalfe 3pei MzaundnsappafatirskompFEePng®43h) asdbgnnent
unit operable to select two of the placement apparatuses, select, for each
of the twooBkintretiphaseieR031sadppdrdrsstbe berd tmgrendn elagstuyghifor
conponent that has been assigned to the placenent apparatus, and determ ne
a second asachnmeeait (Brepnappl ng ddiectwtselaetbedltlygpsd mafvanleaot mooutt
conponents between the two placenent apparatuses; a cal culation unit
oper ahloe tp1 e guUl aleskdf PEtEaGL40f) ,t BEts the variable taskl to “1” (step
S443), sets the variable task2 to (taskI+l) (step S444),
calculates the head movement amount for each task (step $445),
calculates the total head movement amount olength of all tasks
(step S446), swaps taskl and task2 in the placement order (step
15 S447), calculates a head movement amount for each task (step
S448), and calculates a head total movement amount nlength for
all tasks (step S449).
Next, the optimization unit 203 compares the total olength
with the total nliength, and if the total olenght is greater than
20 the total nlength (step S450), employs the swapped placement
order (step S452). If the total olength is less than the total
nlength (step S450), the optimization unit 203 employs the

original placement order (step S5451).

Next, the optimization unit 203 adds “1” to task2 (step

88



20 two pl acenent apparatuses, a second placenent tine required for the

pl acenment apparatus to place on the circuit board the el ectronic conponents
assigned thereto according to the second assi gnnent; and an assi gnment
adoption unit operable to adopt, by referring 139 to the first placenent
time and the second placement tinme, one of the first assignnent and the
second assignnent that has a smaller placenent tinme. 5 2. An optim zation
apparatus in an el ectronic conponent placenment system further including two
or nore placenent apparatuses that place el ectronic conponents on a circuit
boar d, the%é?i)m‘Cﬂmw%ﬁék&%ﬂoﬁﬁeﬁ%lﬁgoamﬁpa%%@n? tapliéris gandilch the
el ectroni c conponents are placed on the circuit board by 10 the pl acenent
appar at usesocard lesspthiai idpe Bask rsturds$sgppedt S4ni retpenabte stems4ign each
type of electronic conponent to one of the placenment apparatuses , thereby
det er m ni ngna fepshtasshgnpedte§@ingach type of el ectronic conponent; 15 a
first calculation unit operable to calculate, for each placenent apparatus,

a first placenmentrti@ s ¢QustE8LELTtAle THACEBRNLARPPAALLYS BBl akGed 7 Z
el ectroni c conponents assighed thereto according to the first assignnents

on thesci r%ﬁmg%‘{%n%éﬁc%g ﬁé&% GRERL, FQ%%zg@ag{%g's% stsg éfgé{ﬁtﬁéﬁ%é’g

pl acenent apparatuses fromt | acenmen p €s, each

of the two,selecte | acenent appar at uses , .one .t of el.ectronic
Component FRAK I B CAEE: CRBRTL G b caRA L Ao Saer REdeGuRbr ni ne
a second assi gnnment by swapping the two sel ected types of electronic
conponent stcbé'ﬁ'%ﬁeéﬁskh‘éo‘f% (St&eftAf ) 140etumphirat sS4 44 s@coraPeats
calculation unit operable to calculate, for each of the two placenent

appar at useghe apxecedeipy acenent tinme required for the placenent apparatus
to place all electronic 5 conponents assigned thereto according to the
second assi gnnentf dradiieiei greatebodial] thrdtank actopit qrstogt salienat tha unit
operabl e to determ ne adoption of one of the first assignment and the

secongdoassogiimiiat hah B11abRe3 dasbalhest PhacsmNindvidiRntO¥meamBarbag a
gr eat est
each task in the swapped task placement order (step S457), and
calculates the head'totai.movement amount P2 of all tasks (step
S458) .
Next, the optimization unit 203 compares Pl and P2, and
15 if P2 is less than Pl (step S459), substitutes Pl with P2 (step
8460), and returns to step S443 and repeats the processing.
If P2 is equal to or greater than Pl (step 8459), the
optimization unit 203 ends the processing.
4.3 Conclusion
20 In this way, according to the fourth embodiment, a path
can be determined to achieve optimum XY movement tasks taking
nozzle replacement and the like into account.

Here, FIG. 49 shows an example of the paths for the tasks

when a conventional technique is used. Furthermore, FIG. 50
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10 first placenent tinme and a greatest second placenent tinme from anong the
first placenent tinmes and the second placenent tinmes calculated for the two
pl acenent apparatuses sel ected for interchanging by the second assi gnnent
unit 15 3. The optim zation apparatus of Caim?2, wherein the first
assignnment unit includes: a conponent count storage sub-unit operable to
store, for each type of electric conponent, a conponent count of electronic
conponents of the type; 20 a placenent tine calculation sub-unit operable
to calculate ( i ) for one electrical conponent of_ each type and for each
pl acenent AT AUSXHAR S Sleride paddemépr thrRetrekSi REAOFBLPThECpFAR enent
apparatus to place the electrical conponent, and (ii) for each type of

el ectri calfoonpoeshodangntor @ampatiing thesackimnte sipparcaube sesimghahe
conponent count of the type, a placenent tine required for the placenent
appar at us lesgpracesalbrdeoieanpathsnpoaenisn ofaddrerdiypetontcheresecti t
board; and an assignnment determ nation sub-unit operable to 5 determ ne,

usi ng the wacermest. times cal cul ated for each of the placenent apparatuses
for each type of el ectronic conponent, an assignnment of electronic

conpongnt s of t%ﬁé’?ﬁa%&h%’\%ﬁxgiQ%]Pcl)@ﬁﬁ%%af@@@é%ﬁ!ﬂﬁ@ﬁ:hr#ﬁoéliti-r&?

optim zati on appar at us erein the“second assig nt unit
assi gns asft of el ectroni¢c conponent,. from anmong the_types of electronic
conponent £0% NS CHF T bEPpl BE By o Hart T 257 bl SEenent - Appat @t us to
the particul ar placenent apparatus, the assignnment being perforned 15 with
priority GRIIPUIGR Iy dde ofo bt dRrd M & monent s. 5. The opti ni zati on
apparatus of Claim4, wherein the second assignnent unit assigns a type of
el ectroni ¢ conpdieneprthail zlhdd onf peitapengalmlls tee it at FABSSEREcit at ed 20
for each placenment apparatus and each type of el ectronic conponent, a
pl acement a itmkadnabivemenhapaahpnedenen i gk \fadaye 21t goaapl acamporiersppar at us
that is upstream nost anong pl acenent apparatuses having a placenent tine
smal | B0 t e ttheprerfgicrigrithathnval Ale, t he assi gnment being performed with
priority over other 142 types of electronic conponents and ot her
pl acement appar ald#$@Spath movement time of Zl = & (speed * distance 1)
Here, the speed is the movement speed of the head, and
thedistanceiisthedistance fromthecassetteZlof the component
feeder to a component i of the component name A.
15 The optimization unit calculates the total path movement
time for all cassettes (or trays) in the same way.
Next., the optimization unit selects the lowest of the
calculated total path movement times, and uses the cassette (or
tray) corresponding to the selected total path movement for the
20 component of the component name A.
The optimization unit determines the cassette (or tray)
for other components in the same way.

If a cassette (or tray) is selected more than once, the

optimization unit selects a cassette (or tray) in descending
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6. The optim zation apparatus of Claimb5, wherein each of the first
calculation unit and the second 5 cal culation unit includes: a conponent
count storage sub-unit operable to store, for each el ectronic conmponent
type assigned to the placenent apparatuses, a conponent count that
i ndi cates how many el ectronic conponents of the type are to be placed on
the circuit board; 10 a total tine calculation sub-unit operable to
cal cul ate, for each placenent apparatus, a total placenent tinme indicating
atotal tinme_for placing all electronic components assigned to the
pl acement PPEF aPtsCORRANERHI SEBRENt tine cal cul ation sub-unit operable to
15 calcul ate, for each placenent apparatus and each type of electronic
conponent, a pl acenghfthi BBbpdimant el ectroni c conponents of the type
assigned to the placenent apparatus, by nultiplying the cal cul ated total
pl acement tine byhé¢ lasseaipignenttenunsdf athd heftypenmid Bleatt hapitthe eapenent ,
and then dividing 20 by a conponent count of all electronic conponents
assi gned torihetpracgsenheaRRaEAbYS, sYBEERI N bhethir 8t r68l edbalipBAYNI t and
t he second cal culation unit set the respective cal cul ated pl acenent tines
as thesfirst pl H 1bkTBS A0, eend. s+ ! 43 .
respecﬁively. 7éﬂ%%gaéétini%étioﬁﬁgﬁggratusJ%#ggfgﬁﬁkg%n&EZ?gﬁhaéggﬁrof t he
first calc i unj t ond culation_unit includes a request
out put subt it 2% By belPEy A ERRlion RS LR PRERBERE o “the
pl acenent apparatuses, and a placenent tinme reception _sub-unit, the tact
cal cul ati on sub-1if t(PEHRIZR iARPIER A IF the hé thPagBRediment
appar atuses, 10 the request ggneration sub-unit outputs to each placenent
appar at us, Verks pa tdengssiBptigenthidyiangiacujpeborrd| mearodisccenppsndnt
and a conponent count of electronic conponents assigned to the placenent
appar at us,ofaciplivactlicty caff atdngrorsuty: plianecalaculsdices, Figsedlonetbd &5
out put type identifier and conponent count, a time required for

"t he- caor esgoich hg fuaceiredt a@paf aiast ttypel @€ eohbenenedtamhréacoapgaent s nn
the circuit beard . and outputs the cal cul ated pl acenent tine,

the component planes, determines an optimal path within each
component plane, and determines the order for placing the
components on the circuit board by generating 3D paths that
connect the component planes.
15 5.1 Structure of the optimization apparatus 200
Thefollowingdescribesthestructureofthecmtimization
apparatus 200.
(1) Optimization unit 203
<Component plane generation>
20 The optimization unit 203 rearranges the pieces of
component name informatién in the component name list based on
XY speed and component count, so as to be in descending order
of XY speed and descending order of component count. Here, the

component name list is that shown in FIG. 21 with the addition
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the placenent time reception sub-unit receives each 20 placenent tine, and
the first calculation unit and the second cal cul ation unit set the
respective received placenent tinmes as the first placenent tinmes. 144 8.
The optim zation apparatus of Caim6, wherein each of the first
calculation unit and the second cal culation unit includes a request output
sub-unit and a placenent tinme reception sub-unit, and each pl acenent ‘
apparatus 5 includes a tact calculation unit. the request generation
sub-unit outputs to each placenent apparatus, a type identjfier identifying
a type of e‘?‘géﬁ%}ﬂc@%ﬁ’rﬁgﬁ%ﬁw%ﬁfﬂ"—gg%ﬁ%%ﬂ‘ﬂp%%%’ﬁ? ngfmect RERFBAL EoN.
conponents assigned to the placenent apparatus, 10 each tact cal cul ation
unit cal cultdtds indhergednhovenany paf e dogweniehiter il axdrgsbrient theunt ,
atinme required for the placenment apparatus to place the electronic
conponent s campdreerci meawmiet ihoahd,p stk @ purpdne tcabnel dhedrphaceneatet i Ne,
the placenent tinme reception sub-unit receives each 15 pl acenent tine, and
the first cal selgtdeed Wi thand tdig Seeard . Caksit AtdrRNoPREhisgtibReyunit
respective received placenent tinmes as the first placenent tinmes. 20 9.
optim zati L I 0 LK C L on
R A e e b R e R AT
conver si on L!% units, tact calculation sub-units, reverse conversion
sub-units, "and ‘a placenent tinme reception sub-unit, the 145 conver si on
sub-units, the tact cal cul ation sub-ynits and the reversion conversion
sub-units being 3z]§alcqrrl?°rﬂi?r?ﬁer[‘af“§ At tc AGELFGRE A S HaAN T RD @ he
pl acenent apparatuses, the request generation sub-unit outputs to each
pl acenent PlaAgEdridiusOf a IrPuesi-derfash egricent 1A udea cppeootndl erameni c
conponent, and a conponent count of electronic conponents assigned to the
pl acenent dpfaratadsonedbhtcomilerddisonhensame despsetiheamditthet gtypes are
identifier

10 arranged in descending order of XY speed.

The

Furthermore, the pieces of component name information in
each group are arranged in descending order of total component
count.

Next, the optimization unit 203 generates each component

15 plane by treating each piece of component name information as
being equivalent to a component plane.

The component planes generated in this way are shown in
the schematic drawing in FIG. 51.

As shown in FIG. 51, component planes 511, 512, etc.

20 correspond respectively to the pieces of component information
including the component names A, B, etc. Component planes 511,
512 and 513 belong to a group SP1, and components 514, 515, etc.
belong toagroup SP2. SPlandSP2 indicaterespective XY speeds,

and the XY speed of SP1 is greater than that of SP2. In each
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and conponent count to a format conpatible with the corre$pondi ng 10
pl acenment apparatus, each tact calculation sub-unit cal cul ates, based on
the converted type identifier and conponent count, a time required for the
correspondi ng pl acenent apparatus to place the electronic conponents on the
circuit board, and outputs the cal cul ated 15 placenent tinme, each reverse
conversion sub-unit converts the output placenent tine to a: fornat
conpatible. with the optim zation apparatus, the placenent time reception
sub-unit receives the 20 converted placenment tines, and the first
cal cul at | off (e JaeEPEhetbe EMPIRETUPAENES ARE (A @ adh inedpaeendéng
recei ved, converted placenent times as the first placenent tinmes. 146 10
The optimrdarioﬂ appeoad¢ns obutaim 2 , for changi ng novenent speed
information relating to the circuit board when the el ectroni c conponents
are pl aced ther eatompdsed tirg hefe COEPF+&hfghmedA NOvenent speed storage unit
operable to store circuit board novenent speed infornmation for each type of

el ectroni c conpofgnts, it 33 YRR S0eRAIEs WHLwORES #lle &9, Sé@i@ctéor
each type of electronlc conponent, an assi gnment of theé type’ of

el ect T3l coSOMBONSIlat YRS fe Sfothe bl acempal gppacaLysesi %ﬁgscuon

uni t opera ect pl'acene aratuses,

adj acent pl acenent appar at.uses; .an_extraction unit operable tract

Sl owest  MRMRARCRpS Ao Rt PontRa A S oRELE Rovemert PEpBLACSRong 15
el ectroni c, conponent types as ned to a placenent apparatus_that is

| ocat ed upk® r@sd Fores of3k e t%% 98 EQce@TpPABRAAPTRPRERAt DSBBS AAL.
extraction unit operable to extract novenment speed information having a
faster novenent Bpeeptimdmathienenniici @l s2desitewe stextoreomponegfepdane

i nformation from anong el ectronic conponent types assigned to a placenent
appar at us fiah amoh@caémedidovgstomponanst pbinébe tTo sel eappdsed atkaent

apparatuses; and a replacenment unit operable to replace the extracted
MoVenept SRERSLASHOS NBidoni Mdd Becsd oveahoIBYENRithe SPELHe placed in
positions 541 to 544 on the next component plane.
In the original component plane 521, theoptimization unit
203 sets square-shaped areas 551 to 555 respectively for the
positions 531 to 535, the center of each square-shaped area 551
15 to 555 being the respective position 531 to 535, and each side
of each area 551 to 555 being a length AZ. Here, AZ indicates
the movement. amount of the comronent feeder from a component
placed on the original component plane 521 to a component placed
on the next component plane. Specifically, AZ is 1 second in
20 terms of time and 15 mm in terms of distance.
Next, the optimization unit 203 judges whether or not any
of the positions 541 to 544 are in the area 551, and counts how

may of the positions 541 to 544 are in the area 551. In the same

way, the optimization unit 203 counts the how many positions
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147 information, in the novenent speed information storage unit. 11. The
optim zation apparatus of Claim?2, for optim zing an el ectroni c conponent

pl acenent order used in a placenent 5 apparatus in which a feeder that
supplies at | east one electronic conponent of at |east one type of

el ectroni c conponent noves to a suction position of a placenent head, and

t he pl acenent head picks up el ectronic conponents fromthe feeder and

pl aces the el ectronic conponents on a circuit board, the optim zation 10
appar at us t he onprising;, acfirst sel | on it erable to_select one
of the el eEf(’:)EL‘IZ (jfr?l i‘*%@%oh%nﬁ%%é ts}é‘? airﬁgsgﬁaic?'%#%' cglgppeoﬁgjﬁ%mééa PP st

el ectronic conponent; a calculation_unit operable to select _electronic 15
conponent thet03 Fatadife ther cPURtef RimReR Ol HPFdtdMionEaafudatried set
the sel ected el ectronic conponent as a second el ectroni c conponent, and

cal cul at e {ejah nnabe ol errniidates fegun editor " enbt glaacddatesicatirof t he
pl acenment apparatus to nove relatively froma position where the first

el ectroni ccie @rgnpeEieonponientbelphaced tle agydsidamponsier elahe , sendnd

el ectronic conponent is to be placed, ( b ) a feeder novenent tinme required

for a beederitdattiselnpdi@sldfed seseal &k et oM Cageapongnint ra®vense the
pl acement head suction position if the second electronic is to be pl aced,

and ( ¢ ) %ff‘ééﬁé’hé@vm di e regi{ &g d48; s+ for a feeder that supplies

the first electronic conponent to nove to the placenent head suction

nit oper abl o t o SERECHA BRI A5 iest RBBACE HBbSIENEI T Ha FRERR0Y

novenent tinmes and return nmpvepent tines cal cul tréfu for all gTLL ctronic
conmponent SthEATHhSATPRESPTr Bt3RF étd PBnPElEbPrﬁg R0 o PR B o TReET

conponent from anong all the el ectronic conponents, other than the first
el ect r oni ®lagoRenRexthgempenepthel praged el afeera tekafli pynbereefronic
10 conponent. 12. The optim zation apparatus of claim?2, for optimzing an
el ect1oni exidnpendnidapkacdameneachdempmenhti planpltaceashtnexgparmposenhat
pl aces el ectronic conponents on a circuit board
plane, and writes each calculated number of exit candidates to
the exit candidate list.
Next, the optimization unit 203 totals the number of exit
candidates inthe exit candidate list for eachoriginal component
15 plane, andwrites the calculated total number of exit candidates
to the area corresponding to the exit candidate 1ist. Anexample
of the generated exit candidate list is shown in FIG. 54.
Next, the optimization unit 203 selects, from the exit
candidate list, the original component plane having the least
20 total number of exit candidates, and sets the original component
plane selected in this way as a first component plane. The
optimization unit 203 then selects the next component plane

having the greatest number of exit candidates, and sets the next

component plane selected in this way as a second component plane.
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15 by repeatedly perform ng tasks until all electronic conponents to be

pl aced have been placed, each task being conposed of : a feeder that
supplies at | eapt one electric conponent of at |east one type of electronic
conponent noving to a suction position of a placenent head that includes at
| east one nozzle, and the 20 placenent head picking up at |east one

el ectronic conponent fromthe feeder and placing the at |east one picked up
el ectroni c conponent on a circuit board, the optim zation apparatus further
conprising: a task information storage unit operable to store task 149

i nf or mat i oRYf bepeathngatkis epedrediske i nd arlnatd oty e wdimpynealt @ Lainssenent
order of electronic conponents in the task, (b) placenent positions, each
of whi ch i adidcahesrwhemepoacdicf pearat ame eficthesdledtyr griiectedponents is to
be placed, and ( ¢ ) a feeder 5 position indicating a position of the
feeder that suppthesfbheoRliggt 188LEiBaEPERENESorambhtsbna@NBE-akien rdNi t
operable to generate an X coordinate list by rearranging the task

| nformat i op; 0% <2 dr L ASKS §0:ARal 8aPE 111 ERGERdiner O 980l X, gpandi nat e
of pl acenent 8'p05|t|on of an electronic conponent  Tast 1n T hE pfacement
order in each t i.nfornation;, a seco eneratian unit, operable to
generafg az congthfgﬁﬁQﬁzék}QWﬂﬂ+5%§?%§iﬁ? %é@%ofh$b? FPBRCS6™s to
be in ascending order of a _greatest feeder_ position in each task 15

i nf or mat i oft %%cflaa‘ﬁl%%s’ilbenH@NteSGnFPtéﬁeF%P%rt%f ey candiigadsisecfram ask
froma top of the X coordinate list and a top of the Z coordinate list in

t he statedtle it fandidatyh ldsth t Askthepesitiandidate lhlsdcsimonn dinder
according to an order 'in which the tasks 20 were selected. 13 . The

opti m zat i B¥G apphr athes etitCamidatforcaplisanend &n elddcandnite "¢ otghenent

pl acenent order used in a placenent apparatus in which a feeder that

suppl i es aloweastepne chedinameC tbrdl Boimpnent  ofuate) egpé epegtiype of

el ectroni c conponent nove to a suction position of a placenent head, aid

the phaceneitpheat RGP HEELHONEE ERIPRSELS ELomdhefeadet ,and

pl aces the
of “0” are excluded. The lowest exit candidate total of “3”

is that of the original component plane C, and therefore the

optimization unit 203 selects the original component plane C.

The original component plane C selected in this way is set as
15 the first component plane.

2) Next, the optimization unit 203 selects, for the
selected original component plane C, the next component plane
having the greatest exit candidate total. The exit candidate
totals of the original component plane are “17, “27, “0” and

20 “0”. Since the greatest exit candidate total is “2”, the
optimization unit 203 selects the next component plane B, and
sets the next component plane B selected in this way as the second
component plane.

Inthisway, the order of two component planes isdetermined,
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el ectroni c conponents on a circuit board, the optim zation 5 apparatus
further conprising: a plane generation unit operable to generate, for each
el ectroni c conponent type, an imagi nary conponent plane that includes
positions in which electronic conponents of the type are to be placed, and
arrange the generated conponent planes 10 in a predeterm ned order; a
rearrangenent unit operable to rearrange the conponent planes; an optinum
path generation unit operable to generate, wi thin each conponent plane, an
optimum path that connects the 15 conponents on the _conponent plane; and a
3D path gehefati 6AMBARENEpBIABFeCt oCHBREPS&PE R13PepBth that connects the
conponent planes , by connecting the path within each conponent plane with
the paths wi thi nSepheauenhpvnefibeplericioniZotiogn ThétoRl3m yerpedhs appher at us
of Claim2, wherein the first assignnent unit includes: a conponent count
storage suBiesaribefemadesdimgst pesgultbngeachheypeiad oélE@ctad conpapengant , a
conponent count of the type 15| of electric conponent; a placenent tine

cal cul ati op15HBs BBiihgeRalahl i dd £ad cHkahBohedt b10R@ Of cémporeid bhahespect
to each type of electronic conponent and each placenent apparatus, a

referemce pl aggaeptop &5H§?5§ﬂgi%fgngoA_the pl acenent apparatus to place

one el ectroni ¢ conponent ype on the circuit board, and ( ii ) with
respect to each e of .el.ectr.aoni c.conp nt_and each placenent appar.atus |,
a reference plac nf’pﬁlﬁézla%&t?inr ¥ or %{aﬁe PraceEEht® aﬁggr a‘ﬁ%c?% §ér form
atask to glace one of _the type, of elej%{onic conponent 10 on the circuit

board, the“PBRREGRF AGLOIIMGGIAR &P W PAAENS1FE iR BRcKS RS 1D &R O&LE&Et r oni ¢

conponent through to placing the electronic conponent, and (b) with respect
to each type SPMRPRERF opianednPporeriingd éachhpsad@ient apparatus and with
use of the component count, a placenment tinme required for the 15 pl acenent
apparatus to pl aéetal thetedtheomimdeaonpenens sedf ackertyipg do ttheecexddi t
board; and an assignnent determ nation sub-unit operable far each placement
appar avus caskiiddteadls ttypeqobsalreskdmpl 6 i@ONPONGAtis, coincidentally,
the same as the order in the plane list shown as an example in
FIG. 53. Consequently, rearranging the pieces of component
information included in the plane list does not change the order.
<Generation of optimum path within the component plane>
15 Theoptimizationunit 203 repeats the following processing
for each component plane.
1) The optimization unit 203 selects one exit candidate
in the component plane.
2) Next, the optimization unit 203 generates a cluster
20 by linking all components in order starting from the selected
exit candidate, so that the tact is a minimum.
3y If a path occurs that causes a loss in tact, the

optimizationunit 203 divides the path, and generatesaplurality

of clusters.
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to assign, with use of the calcul ated placenent tines, the type 20 of

el ectroni c conponent to one of the placenent apparatuses. 15. The

optim zation apparatus of Claim2, wherein the first assignment unit

i ncl udes: a conponent count storage sub-unit operable to store, for 152
each type of electric conponent, a conponent count of the type of electric
conponent; a placenent tinme cal culation sub-unit operable to calculate ( a
) one of (i ) with respect to each type of electronic 5 conponent and each
pl acement apparatus, a reference placenment time required for the placenent
apparatus to pl acepopetkl gehepatconsnponent of the type on the circuit
board, and ( ii ) with respect to each type of electronic conponent and
each placement apparditsiATRIELENES P 3eerBAk i PR RS BH IR g Lhe

pl acenent apparatus 10 to performa task to place one of the type of

el ectronic ng.o e. Gl | t t ask iNg . r.ies of
operationscgggggg?cé?ngaég ?é&ééﬁ%&%&éﬁ%é?(ﬁ##%gﬁ%%ta’ﬁﬁogﬁ%eﬁglp éc%ﬁg t he
el ectronic,_co nent, and ).with respect to each type of electronic
conponent A aath IhaRBieht dpph et HRER. (Bt Bt CATEog ek

si nmul ates operations of placenment equi pnment based on the conponent count of
each t ype ®fCRIGHAGGNE RbapdAenthe Rojindcerere theratederded s spother

pl acenent apparatus; to place all electronic conponents of the type on the
circuit boeempoaedtaplansi gnnent determnation sub-unit operable, for each
20 pl acenent apparatus and for each type of electronic conmponent, to
assign, with use(df thformicibatetophgeecarnt 20ves, the type of electronic
conponent to one of the placenent apparatuses. 16. The optim zation
apparatus of C appe 2 nf¥mahaidisherhad untaciod Har gebi fRe rel £t i@ La the
circuit board when the el ectronic conponents are placed thereon, and
further cooprisingii@atactistorage unit operable to store circuit board
tact 5 information %or each type of el ectronic conponent; an assignnent
stora unit operaple tp. store, for each type of electronic conponent, an
assig%ﬁent of the %%%e%%s%ﬁectronic conponent type to one of the placenent

appar at uses; The plane list, as shown in one example in FIG. 53, has
an area for storing a plurality of pieces of component plane
information, each of which is composed of a component name, an
XY speed, a component count, and other items.

15 The component names, XY speed, and component count are
the same as described earlier, and therefore a description
therepf is omitted here.

<Exit candidate list>
The exit candidate list, as shown in one example in FIG.

20 54, has an area for storing the number of exit candidates to
the next component plane for each original component plane, and
an area for storing the exit candidate total for each original
component plane.

The number of exit candidates and the exit candidate total
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a selection unit operable to select, fromthe plurality 10 of placenent
appar atuses, two adj acent placenent apparatuses; an extraction unit
operable to extract slowest tact information having a slowest tact anong

el ectroni c conponent types assigned to a placenent apparatus that is

| ocat ed upstream nost of the two sel ected placenent apparatuses; 15 an
extraction unit operable to extract tact information having a faster tact
than the extracted slowest tact information from anong el ectronic conponent
types assigned to a placenent apparatus that is |ocated downstream nost of
the two seheetasl Jeisananmyd cappakat, uars; tigdtk POra 4 Geisraapibnuahtreper abl e
to replace the extracted tact information with the slowest tact
informati oflg bmitbegt@stei Nformati on storage unit. 17 . An electronic
conponent pl acenent system conposed of 154 at | east one pl acenent

appar at us t hat G, C o) ; [ ] r conpri si ng:
the at | east ongé S‘f?é%%e%“a%%a%tﬁ@? %ﬂfrﬁ %Q%%?ﬁmgéé%%%ﬁggp%% at us of
Claim2, 5 wheregj.n_t at | east one placenent apparatus places, the,

el ectronic corrpg#ﬁ%tgoe‘lt]é’“flﬁbg Saat %oéﬁp&riaﬁlz%]@oﬁgé’aﬁgé RPENTAR2RES R gnent
determ_ned by the optim zation apparatus. 18. A placenent apparatus the

pl aces el ARRIARELEomPONents 10 on a circuit board, wherein the placenent
apparatus places the conponents on the circuit board in accordance with an
assi gnnent det er i neitbyindeoDHpovenrzhl | opeappboas usyofth€l aphiRizd6id8. An
optim zation nethod used in an optim zation apparatus in an electronic
conponent gppeemeud Bystem further including two or nore pl acenent
apparatuses that place electronic conponents on a circuit board, the

optim zati on appaleirys1epting déser Bt AGLHBAL i AEUSF JvikrailCHpbhgL bt roni ¢
conponents 20 are placed on the circuit board by the placenent apparatuses,
the opti Mgath@noBeLReda ORI NG00 TLERLASSOPAEN SIERA! 13581401 NG
each type of electronic conponent to one of the placenment apparatuses |,
therew destserm' ning a first assignment for each type of electronic 155

The optimization unit 203 rearranges the component name
list so as to be in descending order of XY speed and descending
order of component count, and generates component planes (step
§501). The optimization unit 203 rearranges the component

15 planes and generates a plane list (step S502), generates the
optimumpath in the component plane, thereby generatinga cluster
(step S8503), and generates a 3D nath by generating paths that
connect the clusters in each plane in the Z axis direction, so
that Z movement is a minimum (step S504).

20 (2) Operations for rearranging the component planes

The following describes operations for rearranging the
component planes, with use of the flowchart in FIG. 56.

The optimizationunit 203 generates an exit candidate 1list

(step S510), selects the original component plane having the
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conponent; a f first calculation step of calculating, for each placenent
apparatus, a first placenent tine required for the placenent apparatus to
pl ace all el ectronic conponents assigned thereto 5 according to the first
assignnments on the circuit board; a second assignnent step of selecting two
pl acenent apparatuses fromthe placenent apparatuses, selecting, for each
of the two sel ected placenent apparatuses , one type of electronic
conponent that has been assigned to the placenent apparatus, 10 and
determ ning a second assi gnnent by swapping the two sel ected types of
el ectroni cjgpaERENERt$ Q%EW%%&t%h%dﬂMlF%é%éwmﬁﬁlﬁfpaéﬁéu§ﬁéh 138 GQRY
cal cul ation step of calculating, for each of the two placenent apparatuses,
a second p af, i required f pl.acenent apparatus to place
al | electrgﬁgggggh%oﬁene gg%% nbdQ%%%$%§gggcg%%dﬁ%ﬁﬂfﬁpt% SeuBRE et
assignnment ,on the circuit _board; and an adopti on determ nation step. of
deternininbngaﬁﬁ?Fbﬂno%no %eo?lﬁqﬁ;%%ﬁ t %ﬁgéiﬁ%ﬁﬁntQM%?g:ﬁ§d§§b8ﬁd he
assignment that 20 enables a shortest placenent tinme, by conparing a
great est fPRSEChPACORBRD Nt HIRF cSERRAPESD - SOdRTA DI RR ERBAT 2RTRBS oM
anong the first placenment tinmes and the second placenent tines cal cul ated
for thé twrptagehrat apparatuses sel ected for interchanging by the second
assignment unit. 156 20. An optim zation programused in a conputer in an
el ectroni ¢ conpongntchel asebeet isystiem hott Hemigmddidi Bgep WS 32 YOI €he
pl acenent apparatuses that place electronic conmponents on 5 a circuit
board, thecgeiRis e i ORUNTIZE0Y 2 1RlACEMERbL Uiy LR W 1 ddheoel gehagni €
conponents are placed on the circuit board by the placenent apparatuses,
the optim j 0 L SEng: j [ ; e ssi.gni ng
Eahb QR P OO BILEOTPRL St Ohne? EbhBLnBRE gggﬁ%aéé RafindSthd

each type o roni ¢’ conponent to on the placenent appdr atuses,

t hereby de 1 nj first assignment.for each_t f electronic
component - TEeq et F bt He SR 5h SRR M8t PRE Tt P LEsk e ket
appargtus, a firgi pl acenent tine required for the placenent 15 apparatus
to pl ale affeRIZet} omid TRRpOHentle REPGRE8I R fer et o according to the first

assignnments on the circuit board;
(3) Optimum path generation in component planes

The following describes operations for generating
optimization paths in the component planes, with use of the
flowchart in FIG. 57.

15 Theoptimizationunit 203 repeatstheprocessing fromsteps
$531 to 8535 for each component plane.

The cptimization unit 202 selects one exit candidate from
the component plane (step S532), and generates one cluster by
linking all components in order starting from the selected exit

20 candidate, so that the tact is a minimum (step $533). If there
is a loss in tact, the optimization unit 203 divides the path
that is the cause of the tact loss, thereby generatingaplurality
of clusters (step S534).

5.3 Conclusion
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a second assignnment step of selecting two placenent apparatuses fromthe
pl acenment apparatuses, selecting, for each of the two sel ected pl acenent
apparatuses, one type of electronic 20 conponent that has been assigned to
t he pl acenent apparatus, and determ ning a second assi gnnent by swappi ng
the two selected types of el ectronic conponents between the two pl acenent
appar atuses; a second cal culation step of cal culating, for each of the 157
two pl acenent apparatuses, a second placenent tine required for the

pl acenent apparatus to place all electronic conmponents assigned thereto
according to theaseeeddngssbotinentii Hih tdnowdimtantd, Rerrgd;naand dergidmgapt i on
determ nation step of determ ning adoption of one of the first assignnent

and the sepondeassidyEdrdtial rapabl €8 &0kt £54cPLEE AR di®nt Rha

conparing a greatest T first placenent tinme and a greatest second pl acenent

time from e:fi t {1 an h 0 a imes 10
calculatedg?g?ggﬁg %é@é3%%%%%%%%B§§§%F§?%§ESggél%%?%%($gﬁﬁ#%%§$§%%ﬁ%ﬁhg by
t he second iSSi nment _unit. 2. An gonﬁuter-readablg,recorq%n medi um

havi ng recBri8§ tJfFeFSS‘ﬁrQH%ét’iarﬁ ORF-BHNRYG SRPGSESLRT PR TPIPSRSRT an 15
el ectraoni c, conponent pl acenent system further includin% two or nore

pl acenent APPAtACOERSORERAIPIARR d SYRREFBREE . EGhd FdhPa thritha eicramectisoar d,
the conputer optim zing a placenent order in which the electronic

conponent stheecquirmehtoplahesdis ganerbsaddbygonhecpingehiempaippan sagdes,

the optim zation program 20 conprising: a first assignnent step of

assi gni ng eanpohgpe mifarsd edthortie paahpinentotihe rotempdnéhe gllavenemhis
apparatuses , thereby determning a first assignnment for each type of

el ectroni cegQpPeBsaiis shd8test ddtistoR aekarh®hedl ethPEnedl edl @hé Rgxfor
each placenent apparatus, a first placenent tinme required for the placenent

apparat us toeptA6R181eoRbSAEALNLS BQ”EQQ%%ESEésﬁégaé‘égkﬁ%éﬁioi?lc‘?c%%dizng to

the first assignments on the circuit boar a second assi gnnment step of

sel echigng f49-RLACCPEDL

6. Other embodiments
The present invention has been described based on the above
preferred embodiment, however the present invention is not
limited to these preferred embodiments. The following cases
15 are included in the present invention.
(1) Thepresent inventionmay bemethods shown by the above.
Furthermore, the methods may be a computer program realized by
a computer, and may be a digital signal of the computer program.
Furthermore, the present invention may be a
20 computer-readable recording medium such as a flexible disk, a
harddisk, aCD-ROM, anMO, a DVD-ROM, a DVD-RAMor a semiconductor
memory, that stores the computer program or the digital signal.
Furthermore, the present invention may be the computer program

or the digital signal recorded on any of the aforementioned
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apparatuses fromthe placenent apparatuses, selecting, for each of the two
sel ected pl acenent apparatuses, one type of electronic conponent that has
been assigned to the placenent apparatus, and determ ning a second

assi gnment by swapping the two selected 10 types of el ectronic conponents
bet ween the two pl acenent apparatuses; a second cal cul ation step of

cal cul ating, for each of the two placenent apparatuses, a second pl acenent
time required for the placenent apparatus to place all electronic
conponents 15 assigned thereto according to the second assi gnment on the
circuit boaedoraridhgameddapti on determ nation step of determ ning Gdoption
of one of the first assignnent and the second assignnent that enables a

shortest placememyrthBBnol¥, CORBap-BgeatIl #RbRE1oh Mg} KO tHACRIMMtdr M
and a greatest second placenent tine fromanong the first placenent tines
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10 particular type can be reliably placed on the circuit board.
Here, the second assignment unit may assign a type of
electronic component that has, from among the placement times
calculated for each placement apparatus and each type of
electronic component, a placement time smaller than a
15 predetermined wvalue, to a placement apparatus that 1is
upstream-most among placement apparatuses having a placement
time smaller than a predetermined value, the assignment being
performedwithpriorityover other typesofelectroniccomponents

and other placement apparatuses.
20 According to the stated structure, electronic components
having the shortest placement time are assigned to the placement
apparatus located upstream-most. Therefore, electronic

components that are placed at high speed are assigned to the

placement apparatus that is closer to the upstream side, and
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time calculation sub-unit operable to calculate, for each
placement apparatus and each type of electronic component, a
placement time for all electronic components of the type assigned

15 to the placement apparatus, by multiplying the calculated total
placement time by the component count of the type of electronic
component, and then dividing by a component count of all
electronic components assigned to the placement apparatus,
wherein the first calculation unit and the second calculation

20 unit set the respective calculated placement times as the first
placement times and the second placement times, respectively.
According to the stated structure, a placement time is
calculated for each type of electronic component assigned to

the placement apparatuses, by multiplying the calculated total
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10 the placement apparatuses, wherein the request generation

sub-unit outputs to each placement apparatus, a type identifier

identifyinga type of electronic component, and a component count

of electronic components assigned to the placement apparatus,

each tact calculation sub-unit calculates, based on the output

15 type identifier and component count, a time required for the

corresponding placement apparatus to place the electronic

components on the circuit board, and cutputs the calculated

placement time, the placement time reception sub-unit receives

eachplacement time, and the first calculationunitand the second

20 calculation unit set the respective received placement times
as the first placement times.

According to the stated structure, each of the first

calculation unit and the second calculation unit has tact

calculation sub-units that correspond to the placement
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10 component count of electronic components assigned to the

placement apparatus, each tact calculation unit calculates,
based on the output type identifier and component count, a time
required for the placement apparatus to place the electronic
components on the circuit board, and outputs the calculated
15 placement time, the placement time reception sub-unit receives
eachplacementtime,andthefirstcalculationuhitandthesecond
calculation unit set the respective received placemcnt times
as the first placement times.
According to the stated structure, each placement
20 apparatushascorrespondingtactcalculationunits. Therefore,
appropriate placement times that canbe calculated in accordance
with the structure of the placement apparatuses.
Here, each of the first calculation unit and the second

calculation unit may include a request output sub-unit,
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0@@&'C)<@8ﬁ§®ﬁé&99 and a component count of electronic components
assignedtotheplacement apparatus, eachconversionunit coverts
10 the output type identifier and component count to a format
compatiblewiththe correspondingplacement apparatus, eachtact
calculation sub-unit calculates, based on the converted type
identifier and component count, a time required for the
corresponding placement apparatus to place the electronic
15 components on the circuit board, and outputs the calculated
prlacement time, each reverse conversion sub-unit converts the
output placement time +o a focrmat compatible with the
optimization apparatus, the placement time reception sub-unit
receivestheconvertedplacement times, andthe firstcalculation
20 unit and the second calculationunit set the respective received,

converted placement times as the first placement times.

According to the stated structure, the conversion

sub-units and the reverse conversion sub-units perform

conversion and reverse conversion for each placement apparatus.
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an information generation apparatus for changing movement speed
information relating to the circuit board when the electronic
components are placed thefeon, and including: a movement speed
storage unit operable to store circuit board movement speed
10 information for each type of electronic component; anassignment
storage unit operable to store, for each type of electronic
component, an assignment of the type of electronic component
type to one of the placement apparatuses; a selection unit
operable toselect, fromtheplurality of placement apparatuses,
15 two adjacent placement apparatuses; an extraction unit operable
to extract slowest movement speed information having a slowest
movement speed among electronic component tvpes assigned to a
prlacement apparatus that is located upstream-most of the two
selected placement apparatuses; an extraction unit operable to
20 extractmovement speedinformationhavinga fastermovement speed
than the extracted slowest movement speed information from among
electronic component types assigned to a placement apparatus
that is located downstream-most of the two selected placement

apparatuses; and a replacement unit operable to replace the
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According tothe statedstructure, anelectronic component
5 information table inwhich the XY speed of the downstreamprocess
apparatus is arranged so as not to exceed the XY speed of the
upstream process apparatus.
Furthermore, the pfesent invention is an optimization
apparatus foroptimizinganelectronic component placement order
10 used in a placement apparatus in which a feeder that supplies
at least one electronic component of at least one type of
electronic component moves to a suction position of a placement
head, and the placement head picks up electronic components from
the feeder and places the electronic components on a circuit
15 board, the optimization apparatus including: a first selection
unit operable to select one of the electronic components and
set the electronic component as a first electronic componernt;
acalculationunitoperabletoselectelectroniccomponentsother
thanthe first electroniccomponentoneatatime, settheselected
20 electronic component as a second electronic component, and
calculate (a) a head movement time required for the placement
headof theplacement apparatus tomoverelatively fromaposition
where the first electronic component is tobe placed toaposition

where the second electronic component is to be placed, (b) a
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5 first electronic component tomove to the placement head suction

position after the second electronic component is placed; and
a selection unit operable to select, based on the head movement
times, feedermovement times and returnmovement times calculated
for all electronic components other than the first electronic

10 component, anelectronic component fromamong all the electronic
components, other than the first electronic component, that is
to be placed next after the first electronic component.

Accordingtothestatedstructure, the feeder that supplies
electronic components does not make large movements, and tact

15 loss can be reduced.

Here, the selection unit includes an operation sub-unit
operable, for each electronic component other than the firet
electronic component, to calculate a value that is a total of
(a) twice the return time and (b) the feeder movement time, and

20 adopt the greater of the calculated head movement time and the
calculatedvalue; andanelectronic compqnent selectionsub-unit
operable to select, as a next electronic component to be placed
after the first electronic component, an electronic component

corresponding to a smallest value among all the values adopted
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Here, the placement apparatus includes a rotary placement

10 head, and the selection unit selects one electronic component

based on the calculated head movement times, feeder movement

times, return movemeht times, and a rotary placement head
half-rotation time.

According to the stated structure, the placement time in

15 a placement apparatus that has a rotary placement head can be
predicted with more accuracy.

Furthermore, the present invention is an optimization
apparatus foroptimizinganelectronic component placement order
used in a placement apparatus that places electronic components

20 on a circuit board by repeatedly performing tasks until all
electronic components to be placed have been placed, each task
being composed of: a feeder that supplies at least one electric

component of at least one type of electronic component moving

to a suction position of a placement head that includes at least
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5 unit operable to store task information for each task, each task
information including (a) a placement order of electronic
components in the task, (b) placement positions, each of which
indicates where a different one of the electronic components
is to be placed, and (c) a feeder position indicating a position
10 of the feeder that supplies the electronic components; a first
generation unit operable to generate an X coordinate list by
rearranging the task information for all tasks so as to be in
descending order of X coordinate of placement position of an
electronic component last in the placement order in each task
15 information; a second generation unit operable to generate a
Z coordinate list by rearranging the task information so as to
be in ascending order of a greatect feeder position in each task
information; and an assignment unit operable to alternately
select a task from a top of the X coordinate list and a top of
20 the Z coordinate list in the stated order, and assign each task
a position in the placement order according to an order in which

the tasks were selected.

According to the stated structure, tasks are selected

alternately from the top of the X coordinate list and the top
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the paths of the tasks.

Here, the optimization apparatus further includes: a
calculation unit operable to calculate a first total movement
amount that indicates a distance that the head moves if all tasks
are executed in the placement order assigned by the assignment
unit; a task selection unit operable to select two tasks; an
interchange unit operable to swap the two selected tasks with
each other in the placement order; a calculation unit operable
to calculate a second total movement amount that indicates a
distance that the head moves if all tasks are executed in the
placement order in which the interchange unit has interchanged
the two tasks; and an adoption sub-unit operable to adopt a
placement order of all tasks that corresponds to a smaller of
the first total movement amount and the second total movement
amount.

According to the stated structure, a placement order with
an even shorter placement time can be employed.

Furthermore, the present invention is an optimization
apparatus foroptimizinganelectronic component placement order
used in a placement apparatus in which a feeder that supplies

at least one electronic component of at least one type of
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5 unit operable to generate, for each electronic component type,
an imaginary component plane that includes positions in which
electronic components of the type are to be placed, and arrange
the generated component planes in a predetermined order; a
rearrangement unit operable to rearrange the component planes;

10 an optimum path generation unit operable to generate, within
each component plane, an optimum path that connects the
components on the component plane; and a 3D path generation unit
operable togeneratea 3D paththat connects the component planes,
by connecting the pathwithin each component plane with the paths

15 within other component planes.

According to the stated structure, an imaginary component
plane is generate for each type of electronic component, an
the component planesarearranged inapredeterminedorder. Then,
the order of the component planes is switched, and in each

20 component plane an optimum path is generated that connects the
electronic components in the component plane. Next, the paths
in the component planes are connected to eachother with 3D paths.
This enables the shortest path to be determined.

Here, the rearrangement unit includes an extraction
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5 the component plane, to an electronic component on a next
component plane that is another component plane, is within a
feeder movement time; a calculation sub-unit operable to

calculate, for each original component plane and each next

component plane, an exit candidate count that is a total number

10 of exit electronic components, and calculate, for each original
component plane, an exit candidate total that is a total number
of exit electronic components; a selection sub-unit operable
to select an original component plane having a smallest exit
candidate total and set the selected original component plane

15 as a first component plane, and select a next component plane
that has a greatest exit candidate count with respect to selected
the first component nlane, and set the selected next component
plane as a second component plane; and a component plane
interchange sub-unit operable to interchange the first component

20 plane and the second component plane in a component plane order.
Furthermore, the extractionunit sets a square-shaped area, each
side of the square-shaped area being a length corresponding to
a movement time of a feeder, and a center of the square-shaped

area being a position where an exit electronic component is to
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5 component to be mounted within the Z movement tact can be
determined.

Furthermore, the present invention is, in an electronic
component placement system composed of at least one placement
apparatus that places electronic components on a circuit board,

10 an information generation apparatus for changing movement speed
information relating to the circuit board when the electronic
components are placed thereon, and including: a movement speed
storage unit operable to store circuit board movement speed
information for each type of electronic component; an assignment

15 storage unit operable to store, for each type of electronic
componént, an assignment of the type of electronic component
+tvpe to one of the placement apparatuses; a selection unit
operable to select, fromthe plurality of placement apparatuses,
two adjacent placement apparatuses; an extraction unit operable

20 to extract slowest movement speed information having a slowest
movement speed among electronic component types assigned to a
placement apparatus that is located upstream-most of the two

selected placement apparatuses; an extraction unit operable to

extract movement speedinformationhavinga fastermovement speed
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5 extracted movement speed information with the slowest movement
speed information, in the movement speed information storage
unit.

Furthermore, the present invention is, in an electronic

component placement system composed of at least one placement

10 apparatus that places electronic components on a circuit board,
an information generation apparatus for changing tact
information relating to the circuit board when the electronic
components are placed thereon, and includes: a tact storage unit
operable to store circuit board tact information for each type

15 of electronic component; an assignment storage unit operable
to store, for each type of electronic component, an assignment

of the type of electronic component type to one of the placement
apparatuses; a selection unit operable to select, from the
plurality of placement apparatuses, two adjacent placement

20 apparatuses; anextractionunit operable toextract slowest tact
information having a slowest tact among electronic component
types assigned to a placement apparatus that is located
upstream-most of the two selected placement apparatuses; an

extraction unit operable to extract tact information having a
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placement apparatuses; andareplacementunit operable toreplace
5 theextractedtactinformationwiththeslowesttactinformation,
in the tact information storage unit.

Furthermore, the present invention is a
computer-readable recording medium storing thereon circuit
board movement speed information relating to different types

10 of electronic component, and storing thereon movement speed
information that has been replaced by the information generation
apparatus.

Furthermore, the present invention is, in an electronic
component placement system composed of at least one placement

15 apparatus that places electronic components on a circuit board,
an information generation method used in an information
gqeneration apparatus for changing movement speed informaticn
relating to the circuit board when the electronic components
are placed thereon, the information generation apparatus

20 including: a movement speed storage unit operable to store
circuit board movement speed information for each type of
electronic component; and an assignment storage unit operable
to store, for each type of electronic component, an assignment

of the type of electronic component type to one of the placement
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of the two selected placement apparatuses; an extraction step
of extractingmovement speed informationhavinga fastermovement
speed than the extracted slowest movement speed information from -
10 among electronic component types assigned to a placement
apparatus that is located downstream-most of the two selected
placement apparatuses; andareplacementunit operabletoreplace
the extracted movement speed information with the slowest
movement speed information, in the movement speed information
15 storage unit.

Furthermore, the present invention is, in an electronic
component placement system composed of at least one placement
apparatus that places electronic components on a circuit board,
an informationgeneration programused in a computer for changing

20 movement speed information relating to the circuit board when
the electronic components are placed thereon, the computer
including: a movement speed storage unit operable to store

circuit board movement speed information for each type of

electronic component; and an assignment storage unit operable
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5 apparatuses, two adjacent placement apparatuses; an extraction
step of extracting slowest movement speed information having
a slowest movement speed among electronic component types
assigned to a placement apparatus that is located upstream-most
of the two selected placement apparatuses; an extraction step
10 of extractingmovement speed informationhavinga fastermovement
speed than the extracted slowest movement speed information from
among electronic component types assigned to a placement
apparatus that is located downstream-most of the two selected
placement apparatuses; andareplacement unitoperabletoreplace
15 the extracted movement speed information with the slowest
movement speed information, in the movement speed information

storage unit.
Furthermore, the present invention is, in an electronic
component placement system composed of at least one placement
20 apparatus that places electronic components on a circuit board,
an a computer-readable recording medium having recorded thereon
an informationgeneration programused in a computer for changing

movement speed information relating to the circuit board when

the electronic components are placed thereon, the computer
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to store, for each type of electronic component, an assignment

5 of the type of electronic component type to one of the placement
apparatuses, and the information generation program including:
a selection step of selecting, from the plurality of placement
apparatuses, two adjacent placement apparatuses; an extraction
step of extracting slowest movement speed information having
10 a slowest movement speed among electronic component types
assigned to a placement apparatus that is located upstream-most
of the two selected placement apparatuses; an extraction step
of extractingmovement speed informationhavinga fastermovement
speed than the extracted slowest movement speed information from
15 among electronic component types assigned to a placement
apparatus that is located downstream-most of the two selected
rlacement apparatuses; andareplacementunitoperable tcreplace
the extracted movement speed information with the slowest
movement speed information, in the movement speed information

20 storage unit.
Furthermore, the present invention is an optimization
apparatus foroptimizing anelectronic component placement order
used in a placement apparatus in which a feeder that supplies

at least one electronic component of at least one type of
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board, the optimization apparatus including: a first selection

5 unit operable to select one of the electronic components and
set the electronic component as a first electronic component;
acalculationunitoperabletoselectelectroniccomponentsother
thanthe firstelectronic componentoneatatime, settheselected
electronic component as a second electronic component, and

10 calculate (a) a head movement time required for the placement
head of theplacement apparatus tomoverelatively fromaposition
wherethefirstelectroniccomponentistobeplacedtxnaposition
where the second electronic component is to be placed, (b) a
feeder movement time required for a feeder that supplies the

15 secondelectronic component tomove to the placement head suction
position if the second electronic is to be placed, and (c¢) a
return movement time reguired for a feeder that supplies the.
first electronic component to move to the placement head suction
position after the second electronic component is placed; and

20 a selection unit operable to select, baséd.on'the.headxmavement
times, feedermovement timesand returnmovement timescalculated

for all electronic components other than the first electronic

component, anelectronic component fromamong all the electronic

components, other than the first electronic component, that is
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r each e ronic component othér é%an the first
electronic component, to calculate a value that is a total of
(a) twice the return time and (b) the feeder movement time, and
adopt the greater of the calculated head movement time and the
calculatedvalue; andanelectroniccomponent selectionsub-unit
operable to select, as a next electronic component to be placed
after the first electronic component, an electronic component
corresponding to a smallest value among all the values adopted
by the operation sub-unit for the electronic components other
than the first electronic component.

Here, the placement apparatus includes a rotary placement
head, and the selection unit selects one electronic component
based on the calculated head movement times, feeder movement
times, return movement times, and a rotary placement head
half-rotation time.

Furthermore, the present invention is an optimization
method used in an optimization apparatus for optimizing an
electronic component placement order used in a placement
apparatus in which a feeder that supplies at least one electronic
component of at least one type of electronic component moves

to a suction position of a placement head, and the placement

head picks up electronic components from the feeder and places
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the electronic components and set the electronic component as

a first electronic component; a calculation step of selecting

5 electronic components other than the first electronic component

one at a time, setting the selected electronic component as a

second electronic component, and calculating (a) a head movement

time required for the placement head of the placement apparatus

to move relatively from a position where the first electronic

10 component istobeplacedtoapositionwhere the secondelectronic

component is to be placed, (b) a feeder movement time required

for a feeder that supplies the second electronic component to

move to the placement head suction position if the second

electronicis tobeplaced, and (¢) areturnmovement time required

15 for a feeder that supplies the first electronic component to

move to the placement head suction position after the second

electronic component is placed: anda selection stepof selecting,

based on the headmovement times, feeder movement times and return

movement times calculated for all electronic components other

20 than the first electronic component, an electronic component

from among all the electronic components, other than the first

electronic component, that is to be placed next after the first
electronic component.

Furthermore, the present invention is an optimization
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5 placement head, and the placement head picks up electronic

components from the feeder and places the electronic components
on a circuit board, the optimization program including: a first
selection step of selecting one of the electronic components
and set theelectronic component as a first electronic component;
10 acalculation stepof selectingelectronic components other than
the first electroniccomponentoneatatime, setting theselected
electronic component as a second electronic component, and
calculating (a) a head movement time required for the placement
headof theplacement apparatus tomoverelatively fromaposition
15 wherethe firstelectronic compo-nent istobeplacedtoaposition
where the second electronic component is to be placed, (b) a
feeder movement time required for a feeder that supplies the
second electronic component tomove to the placement head suction
position if the second electronic is to be placed, and (c) a
20 return movement time required for a feeder that supplies the
first electronic component tomove to the placement head suction
position after the second electronic component is placed; and
a selection step of selecting, based on the head movement times,

feeder movement times and return movement times calculated for
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to be placed next after the first electronic component.

5 Furthermore, the present invention is a computer-readable
recordingmediumhaving recorded thereonanoptimization program
used in a computer for optimizing an electronic component
placement order used in a placement apparatus in which a feeder
that supplies at least one electronic component of at least one

10 type of electronic component moves to a suction position of a
placement head, and the placement head picks up electronic
components from the feeder and places the electronic components
on a circuit board, the optimization program including: a first
selection step of selecting one of the electronic components

15 andsettheelectroniccomponent asa firstelectroniccomponent;
acalculation step of selecting electronic components other than
the first electronic componentone at a time, setting the selected
electronic component as a second electronic component, and
calculating (a) a head movement time required for the placement

20 headof theplacement apparatus tomoverelatively fromaposition
where the first electronic component is tobe placed toaposition
where the second electronic component is to be placed, (b) a
feeder movement time required for a feeder that supplies the

second electronic component tomove to the placement head suction
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position after the second electronic component is placed; and
5 aselection step of selecting, based on the head movement times,
feeder movement times and return movement times calculated for
all electronic components other than the first electronic
component, an electronic component fromamong all the electronic
components, other than the first electronic component, that is
10 to be placed next after the first electronic component.
Furthermore, the present invention is an optimization
apparatus foroptimizinganelectronic component placement order
used in a placement apparatus that places electronic components
on a circuit board by repeatedly performing tasks until all
15 electronic components to be placed have been placed, each task
being composed of: a feeder that supplies at least one electric
component of at least one type ~f elactronic component moving
to a suction position of a placement head that includes at least
one nozzle, and the placement head picking up at least one
20 electronic component from the feeder and placing the at least
one picked up electronic component on a circuit board, the
optimization apparatus including: a task information storage

unit operable to store task information for each task, each task

information including (a) a placement order of electronic
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5 generation unit operable to generate an X coordinate list by
rearranging the task information for all tasks so as to be in
descending order of X coordinate of placement position of an
electronic component lastb in the placement order in each task
information; a second generation unit operable to generate a
10 Z coordinate list by rearranging the task information so as to
be in ascending order of a greatest feeder position in each task
information; and an assignment unit operable to alternately
select a task from a top of the X coordinate list and a top of
the Z coordinate list in the stated order, and assign each task
15 aposition in the placement order according to an order in which
the tasks were selected.

Herc, the optimization apraratus further includes: a
calculation unit operable to calculate a first total movement
amount that indicates a distance that the head moves if all tasks

20 are executed in the placement order assigned by the assignment
unit; a task selection unit operable to select two tasks; an
interchange unit operable to swap the two selected tasks with

each other in the placement order; a calculation unit operable

to calculate a second total movement amount that indicates a
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amount.

Furthermore, the present invention is an optimization
method used in an optimization apparatus for optimizing an
electronic component placement order used in a placement

10 apparatus that places electronic components on a circuit board
by repeatedly performing tasks until all electronic components
to be placed have been placed, each task being composed of: a
feeder that supplies at least one electric component of at least
one type of electronic component moving to a suction position
15 of a placement head that includes at least one nozzle, and the
placement head picking up at least one electronic component from
the feeder and placing the at least one picked up electronir
component on a circuit board, the optimization apparatus
including: a task information storage unit operable to store
20 task information for each task, each task information including
(a) a placement order of electronic components in the task, (b)
placement positions, each of which indicates where a different

one of the electronic components is to be placed, and (c) a feeder

position indicating a position of the feeder that supplies the
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information; a second generation step of generating a 2
coordinate list by rearranging the task information so as to
be in ascending order of a greatest feeder position in each task
information; and an assignment step of alternately selecting
10 a task from a top of the X coordinate list and a top of the Z
coordinate list in the stated order, and assigning each task
a position in the placement order according to an order in which
the tasks were selected.
Furthermore, the present invention is an optimization
15 programused ina computer foroptimizinganelectronic component
placement order used in a placement apparatus that places
electroniccomponentsonacircuitboardbvyrepeatedlyperforming
tasks until all electronic components to be placed have been
placed, each task being composed of: a feeder that supplies at
20 least one electric component of at least one type of electronic
component moving to a suction position of a placement head that
includes at least one nozzle, and the placement head picking

up at least one electronic component from the feeder and placing

the at least one picked up electronic component on a circuit
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components in the task, (b) placement positions, each of which
5 indicates where a different one of the electronic components
is to be placed, and (c) a feeder position indicating a position
of the feeder that supplies the electronic components, and the
optimization program including: a first generation step of
generating an X coordinate list by rearranging the task

10 information for all tasks so as to be in descending order of
X coordinate of placement position of an electronic component
last in the placement order in each task information; a second
generation step of generating a Z coordinate list by rearranging
the task information so as to be in ascending order of a greatest

15 feeder position in each task information; and an assignment step
of alternately selecting a task from a top of the X coordinate
1ist and a top of the 7 coordinate list in the stated order,
and assigning each task a position in the placement order
according to an order in which the tasks were selected.

20 Furthermore, the present invention is a computer-readable
recordingmediumhaving recorded thereonanoptimizationprogram
used in a computer for optimizing an electronic component
placement order used in a placement apparatus that places

electronic componentsonacircuitboardbyrepeatedlyperforming

132



10<! , 10%r& () - F* 10%1& () - F( & 10%r& () - f &#10%r8 () -

*$10%1& () - YF" 10%8 () - YSIEYNC 10<! 399! 10%r&’ () -

Y7L! 10%&' ()- @ ! 10%m8' ()- 3L! 10%r& () - 0#10%r& ()- 3. M 10%& () - dbC 10<!
L10% & ()-3 y 10% & ()-L! 10% & ()-9! 109% & ()- 10m 10m 10n5=10%r&’ () - YaBbC
10<#10% & ()-1:10% & ()-'Q

$109%A(1(& ()-1 M 10% & ()-1 M 10% & () -yy@10% & () - % - dEbC

10<Y(: ! 10% & () - &#10% & ()- Y$: 10% & ()-YI ":110% & ()- @

10% & () - Y&10% & () --k/| dEbC 10<3S5&! 10% & () - 393M 10% & () -

1#109% & () -t/ <l QAR I pLlF, ML2QUr&nli)x- 3bmpbdash&s(to)be. pIdEed have been
10<M 10% & ()-M 10% & ()- 10( 10( 10(f 10%{ & ()-39M 10% & () -

710% & () - e{7-GRLC EQEth§§ngﬁéﬂr(g[& d of: a feeder that supplies at
109 & ()- 096 & ()~ TH1004 & ()= 1 1004 & () - B 1900% & () - *ko~d E%pc

10<! F$s! 100;‘6%5(1% oﬁ%%?b%pt/éig& (c)om';:)one Qo/gf‘ a(Q le%é‘%oo/f(ég‘t@pe §% ctronic

& ()-Ys! 10
10<31$10% & 1 10% & s! 10% &' *#10 -3(1 10% & () -.8&$109%
& ()-E dvf\|€ “fd’(t e ‘%Qfo%‘%}’-%?n /(? Qf@'@zé“ gg fHa

f5 110% & ()- L3! 10%t&' )- Rb) j dEYNC 10< & 100/@& (f y @ 109658 ( 31 1 1096& () -

3 10%38° () - LEOSEROPE- PedEYRC apd T :phadement -head micding

$10%57& () -! 1096& () 109K () - 10%& () - c7dEYNC 10<
up at least one electronic component from the feeder and placing

the at least one picked up electronic component on a circuit
board, the computer including: a task information storage unit
operable to store task information for each task, each task
10 information including (a) a placement order of electronic
components in the task, (b) placement positions, each of which
indicates where a different one of the electronic components
is to be placed, and (c¢) a feeder position indicating a position
of the feeder that supplies the electronic components, and the
15 optimization program including: a first generation step of
generating an X coordinate 1list by rearranging the task
information for all tasks so as to be in descending order of
X coordinate of placement position of an electronic component
last in the placement order in each task information; a second
20 generation step of generating a Z coordinate list by rearranging
the task information so as to be in ascending order of a greatest
feeder position in each task information; and an assignment step
of alternately selecting a task from a top of the X coordinate

list and a top of the Z coordinate list in the stated order,
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apparatus foroptimizinganelectronic component placement order
5 used in a placement apparatus in which a feeder that supplies
at least one electronic component of at least one type of
electronic component move to a suction position of a placement
head, and the placement head picks up electronic components from
the feeder and places the electronic components on a circuit
10 board, theoptimization apparatus including: a plane generation
unit operable to generate, for each electronic component type,
an imaginary component plane that includes positions in which
electronic components of the type are to be placed, and arrange
the generated component planes in a predetermined order; a
15 rearrangement unit operable to rearrange the component planes;
an optimum path generation unit operable to generate, within
each componcnt plane, an optimum path that connects the
components on the component plane; and a 3D path generation unit
operable togenerates a 3Dpaththat connects the component planes,
20 by connecting the pathwithin each component plane with the paths
within other component planes.
Here, the rearrangement unit includes an extraction
sub-unit operable to extract, for each component plane, an exit

electronic component, the exit electronic component being an

134



10%& ()- 10%& ()- 10%& ()-1n*aBYNC 10<I S M 10%& ()- Y9s! 10%& () -
#10%<& () -1 1 10%<& ()-![ $10%O<O<& ()- 10%<& ()-*fdEYNC 10<

L 10%<& ()-F*10%<& ()- (10%& ()-&T

10%<& () - Y$310%& ()- Y1 " 1 10%& () - 7nmti dEYNC 10<39 ! 10%& () -

7s! 10%& () - 3f 55! 10%4& () - 3L3s! 10%& ()- 1#10%& ()- /10%& ()-il mo*ibC
10<&M 109 & ()-:110% & ()- M 10%4| & ()-!10% & ()- 10< 10<

10<y=10%& ()-i _dEbC 10<10%}| & ()-M 10%}| & ()- ! 10% & () -

109 & () - YL0%] & () - @#10%}| & () - DAEbC 10<I (MLOY%H & () - f &#10%4 & () -

L$10%}| & ( )er1ke b9k Eobdm onéﬁ@%ﬂﬂl@wﬁlchlﬁ?@rb&aééméﬁgﬁﬁﬁd movement time
10<Y, 5: I10%1| &' ()-Y3 1109 & ()- 0S10%4[ & ()- - 100 & ()-Y. 100@| & ()-

’ié?;ﬂ-&'é) £ %gw%’%/‘l?%fﬂ??f?ﬁ%g/ﬁ‘& b opd 04208l plane that i
Stooee 1) HFERRdee g%g pavcty u/’%é}é%w Siitacts - 985 fooRaEy ) -
#10%1& () -1 : ! 10%r& () THERG 1

110%8: () - SPRPRIsRE €)1a§e|vr“—§}6%&5 FOSEREEOIFHRLPYSBE P 1DORE: 19 BB () - 6V

dYNC 10< 10m 10m 10nf =10%& () -9 ! 10%m& ()-7 ! 10%n& ()- f5 ! 10%n& ()-
feeder movement time; a calculation sub-unit operable to

calculate, for each original component plane and each next
component plane, an exit candidate count that is a total number

of exit electronic components, and calculate, for each original
component plane, an exit candidate total that is a total number

10 of exit electronic components; a selection sub-unit operable
to select an original component plane having a smallest exit
candidate total and set the selected original component plane

as a first component plane, and select a next component plane
that has a greatest exit candidate count with regspect to selected

15 the first component plane, and set the selected next component
plane as a second component plane; and a component plane
interchange sub-unit operabletointerchange the first component
plane and the second component plane in a component plane order.
Here, the extraction unit sets a square-shaped area, each

20 side of the square-shaped area being a length corresponding to
a movement time of a feeder, and a center of the square-shaped
area being a position where an exit electronic component is to

be placed, and, if an electronic component on the next component

plane fallswithin the set square area, judges that the placement
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apparatus in which a feeder that supplies at least oneelectronic

component of at least one type of electronic component move to
a suction position of a placement head, and the placement head
picks up electronic components from the feeder and places the
electroniccomponentsonacircuitboard, theoptimizationmethod
10 including: a plane generation step of generating, for each
electronic component type, an imaginary component plane that
includes positions in which electronic components of the type
are to be placed, and arranging the generated component planes
in a predetermined order; a rearrangement step of rearranging
15 the component planes; an optimum path generation step of
generating, within each component plane, an optimum path that
connects the components ¢or» the component plane; and a 3D path
generation step of generating a 3D path that connects the
component planes, by connecting the path within each component

20 plane with the paths within other component planes.
Furthermore, the present invention is an optimization
programused in a computer foroptimizing an electronic component
placement order used in a placement apparatus in which a feeder

that supplies at least one electronic component of at least one
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on a circuit board, the optimization program including: a plane

5 generation step of generating, for each electronic component
type, an imaginary component plane that includes positions in
which electronic components of the type are to be placed, and
arranging the generated component planes in a predetermined
order; a rearrangement step of rearranging the component planes;

10 an optimum path generation step of generating, within each
component plane, an optimum path that connects the components
on the component plane; anda 3Dpathgenerationstepofgenerating
a 3D path that connects the component planes, by connecting the
path within each component plane with the paths within other

15 component planes.

Furthermore, the present invention is a computer-readable

- recordingmrediumhaving recorded thereoncanoptimizaticnprogram
used in a computer for optimizing an electronic component
placement order used in a placement apparatus in which a feeder

20 that supplies at least one electronic component of at least one
type of electfonic component move to a suction position of a
placement head, and the placement head picks up electronic
components from the feeder and places the electronic components

on a circuit board, the optimization program including: a plane
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an optimum path generation step of generating, within each
component plane, an optimum path that connects the components
onthecomponentplane;anda3Dpathgenerationstepofgenerating
a 3D path that connects the component planes, by connecting the
10 path within each component plane with the paths within other

component planes.

Industrial Applicability

The optimization apparatus of the present invention can
15 Dbe used to improve efficiency of placing electronic components
in a placement apparatus that places the electronic components

on a circuit bkoard.
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component to the placement apparatuses has been determined in
advance, anda first placement time has beencalculated inadvance
for each placement apparatus, each first placement time being
a time required for the placement apparatus to place electronic
10 components assigned thereto according to the first assignment
on the circuit board,
the optimization apparatus comprising:
an assignment unit operable to select two of the placement
apparatuses, select, for each of the two selected placement
15 apparatuses, one type of electronic component that has been
assigned to the placement apparatus, and determine a second
assignment by swapping the tweo selected tvpes of electronic
components between the two placement apparatuses;
a calculation unit operable to calculate, for each of the
20 two placement apparatuses, a second placement time required for
the placement apparatus to place on the circuit board the
electronic components assigned thereto according to the second

assignment; and

anassignment adoptionunitoperable toadopt, byreferring

139



109 ()-S! 10%& ()-&L! 109%& ()- 10< 10< 10<=10%& ()- \dEbC

10<F#10%& ()-F, 1 109%& ()- YM 10% () - YM 10%& ()- YM 10%& () -f S#10% ()-O Q
dEBC 10< (°1109%& ()- &#109%& ()- $s!109%& ()-3" 1 10%& ()- 3

sI 109 ()-FsM 10%’' ()-Q !H !1dEbC 10<Y

5109 ()-3M 109%& () -1 Y1$109%& ()- @s! 109%& ()- & : ! 109%& ()-

FLI10%& ()-119"=">"2"@z""bC 10<yL! 10%m& ()-LL! 10%m& ()- 10 10

10=10%' ()-9°'! 10%& ()-7 ! 10%&' ()-"" L#o###, SAEDC 10<YL: | 10%1&’ ()- |

M 109%1& ()-1 M 10%m8' ()-y@L10%m& ()-1 ! 10%& ()- & 10%m& ()-, $i $$$( % WEELC
10<F$ ! 10%8 (theFtitd0%naddmaht time and the second placement time, one
YLOUTE: () - YM T0%TE () - #10%TE () - YS | L0WT&: () - 906 & &&& dEbC

()~ YM 10%8 . Y 0; 10%n

510%mg’ (((+) dEYNC 10< * I 100&! () 5#10%&' ()- 10% ()
109 ()512 |1€0]}%é8&p(lﬁ f&%‘(%t( &[}Qd)))*Y**dEYNC 10< I

t110%& ()-1M 10%& ()-1$109%& ()-S 1109%& ()-9 ! 109%& ()-s! 10%&' () - **+T++++aBYN
C 10<Y9- 310%& ()-Y

+s! 10%&. () -!43) $109&' () - 3&#10%& ()-1$t! 109%& ()-)"t!10%& ()-+& h,,,-J-dEYNC
10<F9: 1 10%& ()- 7108& QHLUBIPRRIQY -ACRATEGNS (] 2B 19b@CLyonic component
f/10%& ()-J-NOP-Q--.G bC 10<M 10%& () -

M 10%r& () PLEGHTRNE) -8 S U@amEuihet0 ir0c 1h0) S YBWO) -& . mbré~/dldike@ent
10<#10%m& () -y9! 10%r& ()-" 9! 10%r& () - FL! 10%v&' ()-L! 10%v& () - #10%r& ()-//: Or
000) 1dEbC &@rRrptuseUTLY) pl4Ee%WNE (Drotidd dOdpSnénts M 40Y®&uf} Yoard,

M 10%r& ()-1M 10%& ()-)1_111&2"22dEbC 10<

510%&' () - EBEQIEEE (D) z kA1 BéfaEﬁs o%&i%&zﬁhfépla&r@@%t@rfe@ln%{@% ()-22
333 33L33bC 10<,!'10%& ()-9!10%& ()

the electronic components are placed on the circuit board by

10 the placement apparatuses and comprising:

a first assignment unit operable to assign each type of
electroniccomponent tooneof theplacement apparatuses, thereby
determining a first assignment for each type of electronic
component;

15 a first calculation unit operable to calculate, for each
placement apparatus, a first placement time required for the
placement apparatus toplaceall electronic components assioned
thereto according to the first assignments on the circuit board;

a second assignment unit operable to select two placement

20 apparatuses from the placement apparatuses, select, for each
of the two selected placement apparatuses, one type of electronic
component that has been assigned to the placement apparatus,
and determine a second assignment by swapping the two selected

types of electronic components between the two placement
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' adoption of one of the first assignment and the second assignment
that enables a shortest placement time, by comparing a greatest
10 first placement time and a greatest second placement time from
among the first placement times and the second placement times

calculated for the two placement apparatuses selected for

interchanging by the second assignment unit.

15 3. The optimization apparatus of Claim 2, wherein

the first assignment unit includes:

a component count storage sub-unit operable to store, for
each type of electric component, a component count of electronic
components of the type;

20 | a placement time calculation sub-unit operable to
calculate (1) for one electrical component of each type and for
each placement apparatus, a reference placement time required
for the placement apparatus to place the electrical component,

and (ii) for each type of electrical component and for each
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he second assignment unlt assigns a type of electronic

component, from among the types of electronic components, that
can only be placed by a particular placement apparatus to the
particular placement apparatus, the assignment being performed

15 with priority over other types of electronic components.

5. The optimization apparatus of Claim 4, wherein
the second assignment unit assigns a type of electronic
component that has, from among the placement times calculated
20 for each placement apparatus and each type of electronic
component, a placement time smaller than a predeterminéd value,
to a placement apparatus that is upstream-most among placement
apparatuses havinga placement time smaller than a predetermined

value, the assignment being performed with priority over other
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for each placement apparatus, a total placement time indicating
a total time for placing all electronic components assigned to

the placement apparatus; and
a placement time calculation sub-unit operable to
15 calculate, for each placement apparatus and each type of
electronic component, a placement time for all electronic
components of the tvpe assigned to the plecement apparatus, by
multiplying the calculated total placement time by the component
count of the type of electronic component, and then dividing
20 Dby a component count of all electronic components assigned to

the placement apparatus,

wherein the first calculation unit and the second

calculation unit set the respective calculated placement times

as the first placement times and the second placement times,
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apparatus, a type identifier identifying a type of electronic
component, and a component count of electronic components
assigned to the placement apparatus,
each tact calculation sub-unit calculates, based on the
15 output type identifier and component count, a time required for
the corresponding placement apparatus to place the electronic
components on the circuit board. and outpnts the calrulated
placement time,
the placement time reception sub-unit receives each
20 placement time,
and the first calculation unit and the second calculation
unit set the respective received placement times as the first

placement times.
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10 each tact calculationunit calculates, based on the output
type identifier and component count, a time required for the
placement apparatus to place the electronic components on the
circuit board, and outputs the calculated placement time,

the placement time reception sub-unit receives each

15 placement time,

and the first calculation unit and the second calculation
unit set the respective received placement times as the first

placement times.

20 9. The optimization apparatus of Claim 6, wherein
each of the first calculation unit and the second
calculationunit includes a request output sub-unit, conversion
sub-units, tact calculation sub-units, reverse conversion

sub-units, and a placement time reception sub-unit, the
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10 placement apparatus,
each tact calculation sub-unit calculates, based on the
converted type identifier and component count, a time required
for the corresponding placement apparatus toplacetheelectronic
components on the circuit board, and outputs the calculated
15 placement time,
each reverse conversion sub-unit converts the output
placement time to a format compatihle.with the optimization
apparatus,
the placement time reception sub-unit receives the
20 converted placement times, and
the first calculation unit and the second calculation unit
set the respective received, converted placement times as the

first placement times.
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10 electronic component type to one of the placement apparatuses;
a selection unit operable to select, from the plurality
of placement apparatuses, two adjacent placement apparatuses;
an extraction unit operable to extract slowest movement
speed information having a slowest movement speed among
15 electronic component types assigned to a placement apparatus
that is located upstream-most of the two selected placement
apparatuses;
an extraction unit operable to extract movement speed
information having a faster movement speed than the extracted
20 slowest movement speed information from among electronic
component types assigned toaplacement apparatus that is located
downstream-most of the two selected placement apparatuses; and

a replacement unit operable to replace the extracted

movement speed information with the slowest movement speed
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()--9xY:/ to a suction position of a placement head, and the placement

head picks up electronic components from the feeder and places
the electronic components on a circuit board, the optimization
10 apparatus further comprising:

a first selection unit operable to select one of the
electronic components and set the electronic component as a first
electronic component;

a calculation unit operable to select electronic

15 components other than the first electronic component one at a
time, set the selected electronic component as a second
electronic ccmponent, and calculatc (a) a head movement +ime
required for the placement head of the placement apparatus to
move relatively from a position where the first electronic

20 componentistobeplacedtoapositionwherethesecondelectronic
component is to be placed, (b) a feeder movement time required
for a feeder that supplies the second electronic component to
move to the placement head suction position if the second

electronicistobeplaced, and (¢) areturnmovement time required
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calculated for all electronic components other than the first
electronic component, an electronic component from among all
the electronic components, other than the first electronic
component, that is to be placed next after the first electronic

10 component.

12.TheoptimizationapparatusofCHajﬂ12,foroptimizing

an electronic component placement order used in a placement

apparatus that places electronic components on a circuit board

15 Dby repeatedly performing tasks until all electronic components

to be placed have been placed, each task being composed of: a

feeder that supplies at leacst one electric component of at least

one type of electronic component moving to a suction position

of a placement head that includes at least one nozzle, and the

20 placement head picking up at least one electronic component from

the feeder and placing the at least one picked up electronic

component on a circuit board, the optimization apparatus further
comprising:

a task information storage unit operable to store task
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@ 10908 () oFerixyhe eleOotr POYE PR TYODLs(Ya hemdqed Yand (c) a feeder
5 position indicating a position of the feeder that supplies the
electronic components;
~a first generation unit operable to generate an X
coordinate list by rearranging the task information for all tasks
so as to be in descending order of X coordinate of placement
10 position of an electronic component last in the placement order
in each task information;

a second generation unit operable to generate a ¥
coordinate list by rearranging the task information so as to
be in ascending order of a greatest feeder position in each task

15 information; and

an assignment unit operable to alternately select a task
from a top of the X coordinatc 1list and a top of the Z coordinate
list in the stated order, and assign each task a position in

the placement order according to an order in which the tasks

20 were selected.

13. The optimization apparatus of Claim 2, for optimizing
an electronic component placement order used in a placement

apparatus in which a feeder that supplies at least oneelectronic
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TO 109 (_;)93%9%6%‘(%%2:?%%%%%@ &ia%éggﬁlégd, 1041Pne placement head
picks up electronic components from the feeder and places the
electronic components on a circuit board, the optimization

5 apparatus further comprising:

a plane generation unit operable to generate, for each
electronic component type, an imaginary component plane that
includes positions in which electronic components of the type
are to be placed, and arrange the generated component planes

10 in a predetermined order;

a rearrangement unit operable to rearrange the component
planes;

an optimum path generation unit operable to generate,
within each component plane, an optimum path that connects the

15 components on the component plane; and

a 3D path generation unit operable to generate a 3D path
that connects the component planes, by connecting thepathwithin
each component plane with the paths within other component
planes.

20

14. The optimization apparatus of Claim 2, wherein

the first assignment unit includes:

a component count storage sub-unit operable to store, for

each type of electric component, a component count of the type
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10908 () - 109%0& () -$109%0& ()-0 ! 10908 () - Z! x3LF9d 0% ()-F! 1090& ()-[, k
Nl component of the type on the circuit board, and (ii) with respect
toeach type of electronic component and each placement apparatus,
a reference placement time required for the placement apparatus
toperforma task to place one of the type of electronic component
10 on the circuit board, the task being a series of operations from
picking up the electronic component through to placing the
electronic component, and (b) with respect to each type of
electronic component and each placement apparatus and with use
of the component count, a placement time required for the
15 placement apparatus to place all electronic components of the
type on the circuit board; and
an-assigrmant determination sub-unit operable, for each
placement apparatus and for each type of electronic component,

to assign, with use of the calculated placement times, the type

20 of electronic component to one of the placement apparatuses.

15. The optimization apparatus of Claim 2, wherein
the first assignment unit includes:

a component count storage sub-unit operable to store, for
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time required for the placement apparatus toplaceoneelectronic
component of the type on the circuit board, and (ii) with respect
to eachtypeof electronic component and each placement apparatus,
a reference placement time required for the placement apparatus
10 toperforma task to place one of the type of electronic component
on the circuit board, the task being a series of operations from
picking up the electronic component through to placing the
electronic component, and (b) with respect to each type of
electronic component and each placement apparatus and with use
15 of a tool that simulates operations of placement equipment based
on the component count of each type of electronic component,
a placement time roqulrpd for the placement apparatuc to place
all electronic components of the type on the circuit board; and
an assignment determination sub-unit operable, for each
20 placement apparatus and for each type of electronic component,

to assign, with use of the calculated placement times, the type

of electronic component to one of the placement apparatuses.

16. The optimization apparatus of Claim 2, for changing
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type of electronic component, an assignment of the type of
electronic component type to one of the placement apparatuses;
a selection unit operable to select, from the plurality -

10 of placement apparatuses, two adjacent placement apparatuses;

an extraction unit operable to extract slowest tact
information having a slowest tact among electronic component
types assigned to a placement apparatus that is located
upstream-most of the two selected placement apparatuses;

15 an extraction unit operable to extract tact information
having a faster tact than the extracted slowest tact information
from among electronic compcnent types assigned to a placement
apparatus that is located downstream-most of the two selected
placement apparatuses; and

20 a replacement unit operable to replace the extracted tact

information with the slowest tact information, in the tact

information storage unit.

17. An electronic component placement system composed of
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the placement apparatus places the components on the

circuit board in accordance with an assignment determined by

the optimization apparatus of Claim 2.

15 19. An optimization method used in an optimization

~apparatus in an electronic component placement system further

includingtwoormoreplacement apparatuses that placeelectvnnic

components on a circuit board, the optimization apparatus

optimizing a placement order in which the electronic components

20 are placed on the circuit board by the placement apparatuses,
the optimization method comprising:

a first assignment step of assigning each type of

electroniccomponent tooneof theplacement apparatuses, thereby

determining a first assignment for each type of electronic
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afirstcalculationstepofcalculating, foreachplacement
apparatus, a first placement time required for the placement
apparatus to place all electronic components assigned thereto
according to the first assignments on the circuit board;

a second assignment step of selecting two placement
apparatuses from the placement apparatuses, selecting, for each
of the two selected placement apparatuses, one typeof electronic
component that has been assigned to the placement apparatus,
and determining a second assignment by swapping the two selected
types of electronic components between the two placement
apparatuses;

a second calculation step of calculating, for each of the
two placement apparatuses, a second placement time required for
the placement apparatus to place all electronic components
assigned thereto according to the second assignment on the
circuit board; and

an adoption determination step of determining adoption
of one of the first assignment and the second assignment that
enables a shortest placement time, by comparing a greatest first
placement time and a greatest second placement time from among
the first placement times and the second placement times
calculated for the two placement apparatuses selected for

interchanging by the second assignment unit.
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20. An optimization program used in a computer in an
electronic component placement system further including two or
more placement apparatuses that place electronic components on
a circuit board, the computer optimizing a placement order in
which the electronic components are placed on the circuit board
by the placement apparatuses, the optimization program
comprising:

a first assignment step of assigning each type of
electroniccomponent tooneof theplacement apparatuses, thereby
determining a first assignment for each type of electronic
component;

afirstcalculationstepofcalculating, foreachplacement
apparatus, a first placement time required for the placement
apparatus to place all electronic components assigned thereto
according to the first assignments on the circuit board;

a second acciynment step cf-selecting two pleacement
apparatuses from the placement apparatuses, selecting, for each
ofthetwoselectedplacementapparatuses,oﬁetypeofelectronic
component that has been assigned to the placement apparatus,
and determining a second assignment by swapping the two selected
types of electronic components between the two placement
apparatuses;

a second calculation step of calculating, for each of the
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two placement apparatuses, a second placement time required for
the placement apparatus to place all electronic components
assigned thereto according to the second assignment on the
circuit board; and

an adoption determination step of determining adoption
of one of the first assignment and the second assignment that
enables a shortest placement time, by comparing a greatest first
placement time and a greatest second placement time from among
the first placement times and the second placement times
calculated for the two placement apparatuses selected for

interchanging by the second assignment unit.

21. An computer-readable recording medium having recorded
thereon an optimization program used in a computer in an
electronic component placement system further including two or
more placement apparatuses that place electronic components on
a circuit board, the computer ortimizing a placcment order in
which the electronic components are placed on the circuit board
by the placement apparatuses, the optimization program
comprising:

a first assignment step of assigning each type of
electroniccomponent tooneof theplacement apparatuses, thereby
determining a first assignment for each type of electronic

component;
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afirstcalculationstepofcalculating,foreachplacement
apparatus, a first placement time required for the placement
apparatus to place all electronic components assigned thereto
according to the first assignments on the circuit board;

a second assignment step of selecting two placement
apparatusesfrmntheplacementapparatuses,selecting,foreach
ofthetwoselectedplacementapparatuses,onetypeofelectronic
component that has been assignedAto the placement apparatus,
and determining a second assignment by swapping the two selected
types of electronic components between the two placement
apparatuses;

a second calculation step of calculating, for each of the
twopﬂacementapparatuses,51secondplacementtimerequiredfor
the placement apparatus to place all electronic components
assigned thereto according to the second assignment on the
circuit board; and

an zdoption determination step of deterwining wadopticn
of one of the first assignment and the second assignment that
enables a shortest placement time, by comparing a greatest first
placement time and a greatest second placement time from among
the first placement times and the second placement times
calculated for the two placement apparatuses selected for

interchanging by the second assignment unit.
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