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APPARATUS, AND ELECTRONI C COMPONENT PLACEMENT SYSTEM 5 Technical Field The
present invention relates to a techni que for placing el ectr:ﬂm"mmﬂm ”mg
on a circuit board. Background Art 10 Various apparatuses a i ’
been proposed for inproving placenment efficiency in placenent ap ara uses
that place electronic conponents to circuit boards. (Japanese La Cpen

Pat ent Application No. 9-81603, Japanese Lai d- Open Patent Ag[mw mﬂ
10- 209697, and Japanese Laid-Cpen Patent 15 Application rb J f ﬁ As
hi gh roduct|V|ty in placenent appRagatiys€sy S increasingly pursu
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t ween t aratuses and reduci ng waste between
S?ggggeg§se§ﬁfghén?? rﬁe ?§%€$§gﬁ£GP€E88BFNWI%gg?gﬂ software that ensures
hi gh productivity w thout waste in each individual apparatus has conme to be

recogni zed, and there are denmands to 1 perform pl acement of electronic

conponents even nore effectively. Disclosure of the Invention
5 Technical Field

The present invention relates to a technique for placing

electronic 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 components to circuit boards. (Japanese

Laid-Open Patent Application No. 9-81603, Japanese Laid-Open

PatentApplicationNo.10-209697,andJapaneseLaid-OpenPatent

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. In light of this, in addition todividing components

evenlybetweenplacementapparatusesandreducingwastebetween
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



5 1n order to respond to these demands, the present invention has an object
of providing an optim zation apparatus, a optim zation nmethod, an

optim zation programa recordi ng medi umon which an optim zation programis
stored, a placenent apparatus, and an el ectroni c conmponent assenbly system
for placing 10 el ectroni c conponents even nore effectively. In order to
achi eve the stated object, the present invention is an optim zation
apparatus that optim zes a placenent order in which el ectronic conponents

are pl ac Ci i oard hy t r_more placenent apparatuses, wherein
a first 1, Q%@?gn%%%%é%gngacﬁgty ﬁgﬁiqaqﬁﬁrwﬁﬂWPQRﬁﬁRﬁMHﬁV@% t Rere
placenent%gggaratuses has been determ ned in advance, and a first placenent
time has CthYelyated i n advance for each pl acenent apparatus , each
first placenent tinme being a tinme required for the placenent apparatus to
pl ace el ectroni c conponents assigned thereto 20 according to the first
assignnent on the circuit board, the optim zation apparatus including: an
assi gnmrerRiseloswperabl ehe olsedecioiwo of the pl acenent appar at uses,

select, for each of the two selected placenment apparatuses , one type of

el ect Boni c COﬁpDﬂ@ﬁﬂef%@iéEﬁb@@&Bﬁﬁ%ﬂéﬁ%ﬁbﬁ&%t@ﬁe&hﬁﬁﬁﬂﬁpinggﬂﬁﬁghus% 2
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and determ ne a second assi gnnent by swappi ng the two sel ected types

el ect roniga £0QRO e l.ac ; t uses; cal cul ati on
unit operable to%%?atto\g?%é@g%% o%nt h(ggf%lp ggéeﬁrer?tppaaﬁﬁ “iusBs, a
second pl J | ui_red for. the placenent apparatus to place on
the ci rcwkg gozr}radéiﬁmgFéggf&?iocP% RPERET gfed 1R P HBediUng to
t he secoQg]% signnent:. and an assignnent adoption unit operable to adopt,
by referrihg t5 FRERT ML 23 LR RERPTEN S SHer ehe afdEsiRngllaepp@RatuE MR, ONe
of the first assignnent and the second 10 assignnment that has a snaller

pl acement®tG nB ﬁ%ﬁFﬁéFﬁHﬁb,cPﬁpePﬁéF 135 SEFHI Il esY BBest atfed op] @cingt he
present invention is an optim zation apparatus in an el ectronic conponent
pl acthent® §akraniurqamponert ik Ve therore ibeet prakement appar at uses t hat
pl ace el ectronic conponents on a 15 circuit board, the optim zation
appar at us opti mzi ogder pitaceaeinteve the stated object, the present

inventionisanoptimizationapparatusthatoptimizesaplacement
order in which electronic components are placed on a circuit
board by two or more placement apparatuses, wherein a first
15 assignmentofeachtypeofeﬂectroniccomponenttothep&acement
apparatuseshasbeendeterminedinadvance,andafirstplacement
timehasbeencalculatedinadvanceforeachplacementapparatus,
eachfirstplacementtimebeingzitimerequiredfortheplacement
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
ofthetwoselectedplacementapparatuses,onetypeofelectronic

component that has been assigned to the placement apparatus,



order in which the electronic conponents are placed on the circuit board by
t he pl acenent apparatuses and including: a first assignnent unit operable
to assign each type of electronic conmponent to one of the placenent
apparatuses, thereby 20 determning a first assignnent for each type of

el ectroni c conponent; a first calculation unit operable to calculate, for
each pl acenent apparatus, a first placenent tine required for the placenent
apparatus to place all electronic conponents assigned thereto according to

the first i ts qn_the circuit board; a, second assignnment unit
oper abl e ?I?)égde ecrIFrBInv\%%p?%(é%ﬂérﬁssdr%ﬁrfe&‘[%g’é(ss‘r’%mf‘ﬁetftﬁ wensalected

appar atuses, select, for each of the two sel ected placenent apparatuses,
one type YPF e r M PR bR e ROMPRAENKES RRtereessithredwm bhacphanenent 5
apparatus, and determ ne a second assignnment by swapping the two sel ected
types of HPREXBNFLS cenpahent st ben wedit dpersbe facelEnlaBPTAL HSEE, A
second cal cul ation unit operable to calculate, for each of the two

pl acenentofppheattwoe placasanndappacLtests | i B8 JerBHd osh Jumd e phasenent
apparatus to place 10 all el ectronic conponents assigned thereto according

to thé seoondiessignmete @ ddienctit Gph faeard it AR 3R éﬁo{?%!'egﬁir uit
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determ nation unit operable to determ ne adoption of on e first

assi gnmergozndl tthféeei%%@%n@%sngﬁggﬁénf_?aés§f§t?él<§%:thférﬁsse %Ltagggﬁﬁlé,gl%g Pngecond

time, by conparing a greatest placenen
pl acementyfd BB HLAM W? cfirst placenment tipges and the second
pl acement tines cal cui at e E(;T PR RS SpPREEEN 3R pAr R tirddscrReT @b ed f or
i nterchangin obé tbhersgcond assignment unit. Here, the f first assignnent
unit may incrage’ P EoRponBAILOBhe dudistsPbragREBL-ime 2andpdicapbeond st ore,
for each tyégqe of electric conpaonent, a conponent count of electronic
conponentBLAFERGRE (YHRe : aopEapénthe films tcalsailonmant subl uhde specadl e to
calculate ( i ) far one electrical conmponent of each type and for each
pl aceRent2 SisEianis, that dias encemal bee rpid cenemt redue 1 ed
Furthermore, in order to achieve the stated object, the
presentinvention:n;anoptimizationapparatusinaulelectronic
component placement system further including two or more
placement apparatuses that place electronic components on a
15 circuitboard,theoptimizationapparatusoptimizingaplacement
orderinwhichtheelectroniccomponentsareplacedonthecircuit
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



for the placenent apparatus to place the electrical conponent, and (ii) for
each type of electrical conponent and for each placenent apparatus,
t he conponent count of the type, a placenent tinme required for the

pl acenent apparatus to place 5 al

circuit board; and an assignnment determ nation sub-unit operable to
determ ne, using the placenent tines calculated for each of the plac
apparatuses for each type of electronic conmponent, an assignnent of
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1 electronic components assigned thereto according to the
second assignment 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
shortestplacementtime,bycomparingagreatestfirstplacement
time and a greatest second placement time from among the first
placement times and the second placement times calculated for
thetwogﬂacementapparatusesselectedforinterchangingknrthe
second assignment unit.

Here, the first assignment unit may include: a component
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
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time cal culation sub-unit operable to calculate, for each placenent

appar atus and each type of electronic conponent, a placenent tine for al

el ectroni c conponents of the type assigned to the placenent apparatus, by
mul tiplying the calculated total 15 placenent tinme by the conponent count
of the type of electronic conponent, and then dividing by a conponent count
of all electronic conponents assigned to the placenent apparatus, wherein
the first calculation unit and the second cal culation unit set the

respecti v heu %ﬂgﬁ; i fi .RLacenent tinpes and

t he seconﬁogﬁggeérgél?gx{l?}ﬁgga, r esa;#edc{?\éeﬁ? ?/E.l&%gcrhg égégﬁgég a?h%or%)ﬁ;g?n{?
calculatiqﬂiurit and the second cal culation unit may include a request
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pl acement appar atuses, and a placenent tine reception sub-unit, the tact 6
caIcuIatiQﬁgg%ﬂﬁﬁﬁﬂQBPQﬁﬁﬁu§spéﬁépﬁgth@sﬁ@%PQW%mw qointhefpltheetigpe, a
appar at uses, wherein the request generation sub-unit outputs to each

pl acenentPaperentus;ing g iirgehtfioflri ahei géatehghhgappaypeusftel ptaceoni c
conponent, and a conponent count 5 of electronic conponents assigned to the
pl acebentalbedeatuspicactmpaséntalaiukabi Oyps Wh- thé tc igahod 8basa;based on
the output type identifier and conponent count, a tinme required for the

corr esporet ngs i AassrRNtdaRpai s 40 Phscen iheogl R TON S §OPRPPRENLS on the
circuit board, and outputs the cal culated 10 placenent tinme, the placenent

Lime recepian t5idhpVabbnehe olihss eaqelACHTERL dddF o ABle! fPaloflfet
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calculation unit and the second cal cul ati on uni set the'r

recei ved i e first nlacenent tines, Here, each of the
first cméﬁﬁatlon?ﬁ$€F§§?§¢i?%8g5%f T TOPEPPBRD Bt FES TEE e a
request aqutput sub-unit and a placenment tine reception sub-unit, and each
pIacenenfﬂéﬁﬁgﬁiPﬁguﬁhfqmﬂﬂqiﬁ%SaOFZE ec 46| 5Pi oRe Rt t thonrlarement
requﬁt gfneration sub-unit outputs to each placenent apparatus, a type

i dent?fi APRHHY9S% ng a type of el ectronic conponent, and a 20 component

count of electronic conponents assigned to the placenent apparatus, each
tact cal cul ati gifhdhi tthealaafdatdesissignment unit may assign 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

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 value, to a placement apparatus that 1is
upstream-most among placement apparatuses having a placement
time smaller than a predetermined value, the assignment being

performedwithpriorityoverother typesof electroniccomponents



based on the output type identifier and conponent count, a tinme required
for the placenent apparatus to place the electronic conponents on the
circuit board, and outputs the calculated 7 pl acenent tinme, the placenent
time reception sub-unit receives each placenent tine, and the first
calculation unit and the second cal culation unit set the respective

recei ved placenent tines as the first placenent tinmes. 5 Here, each of the
first calculation unit and the second cal culation unit may include a

request caﬁdngtgggyﬂyg5emé3¥ng¥§gfgt&%g§ynits, tact cal cul ation sub-units,
reverse conversion sub-units, and a placenent tinme reception sub-unit, the

conversi on sub-guyd s e C | ati.on .syh-units and 10 the reversion
conver si on sub}ﬁ%#%se %?nSEggh%|P4%§%d’ é?ﬂfﬁnéﬂﬂu€6Fr8§Soﬁﬁ?n§econd
respectivel y, aéQ; plaﬁenent %ﬁﬁ ratuses, wherein the request generation
sub-uni t out puts 10 BAch HYateRerte A RamRAREN taCPYPE Steamaes $1ab - welbht i f yi ng
a type of el ectronic conponent, and a conponent count of electronic
componentPHFRIE Lo tIE BReRetert appke Momponeath typaves sigmedni t
coverts the output type identifier and conponent count to a format

conpabi bIt® khehrlaeerent eppaditus gl as cnemomaparcaiuns, teaehi i@ldates
cal cul ati on sub-unit cal cul ates, based on the converted type identifier and

conponenthwomany alécheontquesmgolentd i 2BeCoypesPROAiNBePhRSERBM
apparatus to place the electronic conponents on the circuit board, and

out puts tte cdlreulizt Bdapiacermital itThe €3¢RLIE¥EHECsGRD [ cunit
converts the output placenent tine toea forlr%nt conpsé‘gigb?!gigw%ﬂefﬁhg
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the converted pl acenent tines, an calcu 0
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time calculation sub-unit operable to calculate, for each
placement apparatus and each type of electronic component, a
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



the el ectronic conponents are placed thereon, and may further include : a
novenment speed storage unit operable to store circuit board novenent speed
information for each type of electronic conponent; an assignnent storage
unit operable to store, for 10 each type of electronic conponent, an
assignment of the type of electronic conponent type to one of the placenent
apparatuses ; a selection unit operable to select, fromthe plurality of

pl acenent apparatuses, two adj acent placenent apparatuses; an extraction
unit operabl e ta extract sl aowest novenent speed 15 information having a

sl owest ﬁ%ggﬁ%% 'g%ée q%hﬁﬁﬁﬁgie@?F&ﬁF@°88ﬁﬁ6heHFSP§S§§V§§§igﬁ@d thea
placenent:P aratus that is |ocated upstream nost of the two sel ected
pIacenenﬁ)éggawaphggg?rﬁﬁuéﬁﬁrd%qq¥ﬁﬂﬁﬁﬂ¥3%ﬁ@#%%?@em@réiﬂﬁém$uhnueh9nt
speed information having a faster novenent speed than the extracted sl owest
20 novenéthtRPeed tonf 6pRkAt | Bha¢emen anmRpastaots oniac typponedént ypesr
assigned to a placenent apparatus that is |ocated downstream nost of the
two sel ectdahtpl fclanpatt ypepsf al aseson 20 ompeeRirAceaRd b ddtidorRRr @Bt t 0

repl ace the extracted novenent speed information with the sl owest novenent
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Here, the optimization apparatus may be for optim zing an electronic¢

conponentetaeamenta D& dea USEGdt ik Yl BEFERAL (RAPALALLS 4 1 cgggs?éeeder

that supplies at |east one electronic conponent pe of

Che. pl acari RORT ke 2 SrBePHER:CColRFonant snr nfhRESHcbae: Cang

t he pl acenent head picks up electronic

pl aces t ectroni c conponents on a circuit board, the optimzation
apparatugﬁ#%%%ﬁﬁﬁniaﬁgi%ggﬁﬁﬁgn fAPPaTratdisect? oRLaRPt Wiserabtetuonie sel ect

one of the el ectronic conponents and set the el ectronic conponent as a
first el &P SoPorfeift :Ci e eatidn and towhetts| the ccaktetated

el ec 6onic conponents other than the first electronic conponent one at a
ti mer0 sefPlArensiteting cihe plesenensnpbne nte cep i sesobduel ecteoni e s
conponent, and calculate ( a ) 15 a head novenent tinme required for the
pl acenentasdiapl adendet pineemant tapparat ws low Inied @ Bt k¥Melthe §O8bRd
position where
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
placementtimereceptionsub-unit,andeachplacementapparatus
may include a tact calculation unit, wherein the réquest
generationsub-unitoutputs1x>eachplacementapparatus,aitype
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



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 ectroni c conponent to
nove to the placenment head suction position if the second electronic is to
be placed, and (c) a return novenent tinme required for a feeder that
supplies the first electronic conponent to nove to the placenent head
suction position after the second el ectroni c conponent is placed; and 10

a selecti ' bl | ect ased on the head nmovenent tines

f eeder v;hn({égr}ll%é%?%gn%énﬁj% g)tlﬁdr%r?%%f\;cegrﬁqu? TR e éPB&%f’f)‘?c%Wes

electronug gg onent s gpher than the first el ectronic conponent, an
el ectroni¢% ﬁg%ﬁ%ﬂ?nF offa the firgd alquladrian wnitbApatdia secenfer than

the first electronic conponent, that is to be placed next after the first
el ect r oni @ XBHFInE LHdr sett kheopespegativenrappavadusl avgmbéetf bimes
optim zing an el ectronic conponent placenent order used in a placenent
appar at ust& Hdte pf acsls mlassmenti ctimmgponents on a circuit board 10 by
repeatedly perform ng tasks until all el ectronic conponents to be pl aced

have been pl acéthrecachchask brénfhi cormaseshiaftich iwadernhihehesypRLELES at
| east one el ectric conponent of at |east one type of electronic conponent

MoVi ng t @allculeit @h Pasiiti Pl iddlREeMENtrdaadd héht'koaﬂ‘&' U«?&ﬁ—&ﬁikeaSt one
I ne el ectronic

nozzl e, and the 15 pl acenent head picking up at | east

componentdalbd s, | §882 869, PLARINCL DB, AL | 55T, 00 Bl cked, up.el ot roni ¢

conponent on a circuit board, 't trmzation apparatus

i ncl ude: j r [.on storage unit.operable to store task informtion for

each tas&%ﬂggg%gfgg%hgnPg%gﬁf%8H¥Fh8}ﬁ§?ﬂﬁn O TRCEPHQBeTERT UBt Her  of

electron%ﬁﬁiggponents in the task, (b ) placenent gpsitions, each of which
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placed, and ( ¢ ) a feeder position indicating a position of the feeder
t hat 1S uppiiGeE eV RES dPBIITTR LS kapoleiing: t sabe i ng teqyerel atriwrbamito apér abl e
to 11 corresponding respectively to the placement apparatuses,
whereintherequestgenerationsub-unitoutputstoeachplacement
apparatus, a type identifier identifying a type of electronic
component, and a component count of electronic components
15 assignedtotheplacement apparatus, eachconversionunit coverts
the output type identifier and component count to a format
compatiblewiththe corresponding placement 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



generate an X coordinate |ist by rearranging the task information for all
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 pd&AGIoes He AenprEEeARARCENGat tHdmesy, it he farsdratdrcuilntwich t he
tasks were selected. Here, the optim zation apparatus may be for optim zing
an el ect eHitcardirpersanony erkoehit dodenitsed tine aepbaceiwetrapparat Us in
whi ch a feeder that supplies at | east one el ectronic 15 conponent of at

| east onednyertefd ¢llectanemitc tarRORNtt D e 13Ut Rosidd on of a

pl acenment head, and the placenent head picks up el ectronic conponents from

the feeder andmelracesHder®! Aetd LM Sn COPPRPrERLS fAR apgl reyl tcrpa%t{]ﬂi t he
p ah iU 1

optim zation apparatus may further 1 nclude : a e generatio
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the type. are e pl.aced, and arrange .t he geperated conponent planes in a
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conponent, pl.anes; an optinmum path 12 generation unit operable to
gener at e “ARHGST 20VE ﬁ‘ﬁoﬂé‘gﬁdﬁltéﬁéﬂed%ﬂbtpppﬁﬁﬁbbﬁtw sharecvimmtits t he
conponents on the conponent plane; and a 3D path generation unit operable
to gener X814 TOVEAERtt RReedohnéernathencéoporer t¥pmest dheatormeiati ng t he
path 5 within each conponent plane with the paths wi thin other conponent

pl anes. Kem@onend ;f enstsadghgamenstonhenayit nopetiebla €orphnesnt Kount
storage sub-unit operable to store, for each type of electric conponent, a
conpbhenkeachuntypef ofheltypeont cetefibbhént) £0MPONEMme Rt RbAGEEN, I ME

cal cul ation sub-unit operable to calculate ( a ) one of (i ) wth respect
to each Bﬁ%ﬂéﬁtﬁﬂﬁiéégﬁbénenttypetooneoftheplacementapparatuses;
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
.componenttypesassignedtx>aplacementapparatusthatislocated
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 movementspeedinformationfromamongelectroniccomponenttypes
assignedtoaplacement apparatusthat is locateddownstream-most
of the two selected placement apparatuses; and a replacement

unitoperabletoreplacetheextractedmovement speed information

with the slowest movement speed information, in the movement



conponent and each pl acenent apparatus, a reference placenent tinme required
for the placenent apparatus to place one el ectronic conponent of the type
on the circuit board, and ( ii ) with respect 15 to each type of electronic
conponent and each pl acenent apparatus, a reference placenent tinme required
for the placenent apparatus to performa task to place one of the type of

el ectroni c conponent on the circuit board, the task being a series of
operations from picking up the electronic conmponent through to placing the
20 el ect rgppd &g CHRAIGI 3 ord ek &) gﬁ#ﬁkgespect to each type of electronic
conponent and each pl acenent apﬁ%ra us and with use of the conponent count,
a placenment ti equihred far .the.placement apparatus to place all

el ectronic con%%ﬁ%ﬂtghb OPﬁé“Pﬁﬁglﬁﬁ FﬁBaEPFBEiPaﬁoa?dfoédﬂﬂéﬁnk%%mﬁnnent
determnation 13 sub-unit operable, for each placenent apparatus and for
each typebiSEEeHAYYH € hiPlacemant prdey tsed elnfa thikaceament at ed

pl acenent tinmes, the type of electronic conponent to one of the placenent
appar at uSSRPaATAYES &b Wity a feedgasthptmenpplihet ataeaatlondes 1 ectoasponent
count storage sub-unit operable to store, for each type of electric
conpohentGorparogomgnia tc denats tobreheyby pef ob1 e EEGRLE COHNPORGRE v &L acenent
time cal culation sub-unit operable to calculate ( a ) one of (i ) with

respect tto eacuctijon pbsehaehy of 6 p0acenBARERLa@Ndy£ACHL D! nt
apparatus, a reference placenent tinme required for the placenent apparatus

to pl acemﬁ@li@%r@pié:l@comqnf@tcompoh@ﬁtgy%om%ﬁ@%e@dregushdEpogqréjéc and (

ii) with respect to each type of electronic conponent and eac acenment

appar ai UssnaengLerease BLASSHENLS T &SR TEB Al he placeent, apparat us

15 to performa tas ce one o t on

the circy task_bein series of operations from picking up
the el ec?ﬁ@rﬁ}%ﬁu%ngg%gﬁgrt%?%dd}@t@eﬁl ﬁc’%nﬁsﬁ FEEZ MR EE QRPFGHEYR , and
(b) 'tht{esgfct to gggh type of electronic conponent and each pl acenent
appar at us ARg 6P RRGRE SBedtl eL il iq AanPeRaniacesl 9ok tae olrcofopi acenent
equi prent based on the conmponent count of each type of electronic
conponenttot®PPeadentnt §iret rapa tirah o compengindc e rens L apbat hdwsurtio: pl ace

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
firstelectroniccomponenttonmve11)theplacementheadsuction

position after the second electronic component is placed; and
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all el ectronic conponents of the type on the circuit board; and an

assi gnnent determ nation sub-unit operable, for each 14 pl acenment
apparatus and for each type of electronic conmponent, to assign, with use of
the cal cul ated pl acenent times, the type of electronic conponent to one of
t he pl acenent apparatuses. Here, the optim zation apparatus nmay be for
changing tact 5 information relating to the circuit board when the

el ectroni c conponents are placed thereon, and may further include : a tact

st orage L rabl ircuit, board tact information for each type
of el ect %ﬁ%&gggﬁggn‘g%%e O}ﬁ\eq%@sllcég%%eéneflescf%’r g’ﬁfe@n??%ﬁeggﬁfié“‘?%e%?’é?e, f or
each typ | ectronic_co ent, 10 an_assi gnment of the type of

el ect ronietcﬁg:eosﬁ’po%% rf"ﬁ?ﬁgmfgg% eSraRhES b LR BRYRmea s Fdme: rubatefiecti on
unit operable to select, fromthe plurality of placenent apparatuses, two
adj acent %ra Rt CEppIFrACUSRBPORRN BX e T dhamitheoperabl @leot vahiact

sl owest tact information having a slowest tact anong el ectronic 15
conponentCABRBEHs s iy fd @ ataron iisl compemenafpananend dal the ¢ 0edt £6hic
upstream nost of the two sel ected pl acenent apparatuses; an extraction unit

oper abl e campextardst, baberi than ratd Ghrbavé NgeBré@st Monptlerdthaghbie; o
extracted slowest tact information from anong el ectroni c conponent types

assi gned ttw ke pllacerenie:20 apnar atls fihalt s docated: J&am nost of the
two sel ected placenent apparatuses ; and a replacenent unit operable to

repl ace the exiyaa@ eq¢nheashtidi®aiabLo0 )l e st tact information,
in the tact infornation stofage unib'%]. QE%%E%P%DIP%O%\%j%IF R 3R %tion i s
an el ect rgnig nt system conposed of at | east one

pl acement appé%&atrt?srﬁt ﬂat gi anceg_lstagpielér?(;ciermo % Ocroraﬁ)% Yh & REFeRMRBoar d,

i ncl udi ng;_ t at ast_one pl acenent apparatus, and the optim zation

appar at ugppﬁalgrtﬁsnkﬁﬁg %fa$%§§ge§g§0al§£gﬁ@ﬁpngngﬁw & 9sTpratdzoand

el eci oni.c components to the circuit board in accordance with an assi gnment
det et i n&y Bﬁggﬂgegﬁjyigﬁrz%qlfwg 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 one nozzle, and the
15 placementheadpickingLunatleastoneelectroniccomponentfrom
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
onecﬁftheelectroniccomponentsistx)beplaced,and(cn a feeder
position indicating a position of the feeder that supplies the

electronic components; a first generation unit operable to

11



apparatus. Furthernore, the present invention is a placenent apparatus the
pl aces el ectronic conponents on a circuit board, 10 wherein the placenent
apparatus places the conponents on the circuit board in accordance with an
assignment determ ned by the optim zation apparatus. Furthernore, the
present invention is, in an electronic conponent placenent system conposed
of at |east one placenent 15 apparatus that places el ectronic conponents on
a circuit board, an infornmation generation apparatus for changi ng novenent
speed informati.on rgg9tin 1 tge circuit board when the el ectronic
corrponentggenaerlteatper a8 ??fecg‘é@(}he hAC PWCTRRI TRPI 10O O & infreematiorage
unit operable to store circuit board novenent speed 20 information for each
type of €i¥c@Eldnit@sésngenentto &ie desidgnaemdisgopaderunitX opeoadirate store,
for each type of electronic conponent, an assignnent of the type of
eIectronﬁﬁyéﬁﬁﬁﬁﬂ%ﬁﬂlEyﬁétﬂ@nopé eh ehecplraadéneabmpppenat Uses; ia spkection
unit operable to select, fromthe plurality of placenent apparatuses, 16

two adj acdracemence memite rappadathiIessk dm@ﬁrr[aaﬁtdrgnauﬁ'ééof?@ecjé’tl?éfaicgoﬁ)(t ract
sl owest novenent speed information having a sl owest novenment speed anong

el ect boniun iaORRPRIIRIV1d ¥Regeasshaned kocéoph%sﬁsniiémg%%as }Qﬁéihs
pI ]f ; %n

| ocat ed upstream nost of the two 5 sel ected acenent par at’useé
extractiQﬂuyﬂggkqgg&ggl i extyack t_speed information having a
faster movement spee fﬁén tﬁe extré%?égq%%%ﬁ%%?“ﬁ85§ﬁ§ﬁgggﬁﬁﬁﬂaFﬁ?Brnation
fron1annqgagiqp all Qnpon n% types_.assigned to a placenent apparatus
; e : ' i
that is loca eedbég%g?(rﬁelélrﬁ% a % JtIP1%°¥%g§‘éWl eCREPHPESFERENTOUNLL
apparatu%p%éaﬁ)d a rﬁglacegent unit operable to replace the extracted
movenent “SFEER iHTIPMEET BALGLY FelREtS bavkErapvdimet spedcoondinatéon, in
the novengnt speed i nfornmation storage unit. Here, the optim zation
appar at us iS¢ B84 @hdR§i R thet Z 16ophfbrakei bhstelntihey statéd cordenjt board
when the el ectronic conponents are placed thereon, and further includes: a
t act1 @t oP&gea 8Ai g0 HPertabh ek tropss bt boui it uhe dloarahdracbriatofd®di@ing
to an order in which the tasks were selected.
Here, the optimization apparatus may be for optimizing
an electronic component placement order used in a placement
apparatus inwhich 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



for each type of electronic conponent; an assignnent storage unit operable
to store, for each type of electronic conponent, 20 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 unit
operable to extract slowest tact information having a slowest tact anong
el ectronic 17 conponent types assigned to a placenent apparatus that is

| ocat ed . pf sel ected pl acepent apparatuses;_ an
extracti %%fﬁﬁ?éﬁ?gp%ggg%&&qeqc—a:&qtq h‘f’bf%? £8R BRPENE RLARE t act
than the extracted slowest tact information from5 anong el ectronic
conmponent®? ML pghadt Eat aCconneehe thaspapenentshan Ehel oompedent
downstream nost of the two sel ected placenent apparatuses ; and a

repl acenghtaifi Bshar 3B Ire tho gepgiradd orhenékt opet @oll ¢ act gienfeatarmrt LORD W t h
the slowest tact information, in the tact information storage unit. 10

Furt her nitath the tpeesentt s mhentdoponsnt ipl aark ! B ldaH €cEOP RN, Ph acenment
system conposed of at |east one placenent apparatus that places electronic

conpohentwl i meath evinpoheatt 1 Atk Wit B p O SFNEH AL IHhAPPGhAL S £ OF
changing tact information relating to the circuit board when the electronic

15 conponsidrsedr e pl aced thereon, and includes : a tact storage unit
operable to store circuit board tact information for each type of

el ectroni ¢ conpguient ; i nt stqrage,unit .operaple to store, for
each type of elect r'oﬁlhgn%]gérr%%%%n ,gné“ﬁanasggéﬁrf’éﬁ lé’fc(atuﬁle)? 't fpECBFORE Rt roni ¢
conmponent e to one of the placenent. 20 apparatuses; a selection unit
oper abl e ct(%lyrgcel Et’e%?]fagref ofhy hLén%f uPBPFED16f ERI SEerent Tagpaathuseme tab

adj acent pl acenent apparatuses; an extraction unit operable to extract

sl onest S iTHOSAIPCES Mray PngOBPRR8E s2O Y e 10 fa fbieg tEPeco £ onl ecltoiponent

type%fl assigned to a placenent apparatus that is l|ocated 18 upst r eanm nost
of th® tPmRIeRted GpPaaerBsntaprearadeylahhon sub-unit operable to

calculate (a) one of (i) with respect to each type of electronic
component and each placement apparatus, a reference placement
timerequiredfortheplacementapparatustoplaceoneelectronic
componentofthetypecnlthecircuitboard,and(ii)withrespect
15 toeachtypeofelectroniccomponentandeachplacementapparatus,
axeferenceplacementtimexequiredforthe;ﬂacementapparatus
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
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
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extraction unit operable to extract tact information having a faster tact
than the extracted sl owest tact information from anong el ectroni c conponent
types assigned to a placenent 5 apparatus that is | ocated downstream nost
of the two sel ected pl acenent apparatuses ; and a replacenent unit operable
to replace the, extracted tact information with the s | owest tact
information , in the tact information storage unit. Furthernore, the
present invention is a conputer-readable 10 recordi ng nmedi um storing

t hereon cj t,cult. board vement speed information relating to different
types of %ﬁ%g%é%ﬁﬂQ?%? STre (PTéﬁﬁﬁhP&PFﬁ&ePﬁePQBﬁrﬁ§V§néH@ Epsegiach
information that has been replaced by the informati on generation apparatus.
Furt her not¥0€ t RE  SrESEAONIf ePPTRINE Rt anteptassizti onitls apparcat ushéor
optim zing an el ectroni c conponent placenent order used in a placenent
appar at usC3 ¥y e P faafeant Hamesupphieesyae béasleoteorl ecésmpbsegonponent
of at | east one type of electronic conponent noves to a suction position of

a pl acenem dreadyf arite tihea pdmeetenipheatigpscks up el ectroni ¢ conmponents
from 20 the feeder and places the el ectronic conponents on a circuit board,

the oftimi zati arerappanat 85ré A diligifiedt (b stnse!BELIQRL U LoRPSLARLE tO

sel ect one of the electronic conponents and set” the el ectroni c conponent as

a first edqeit oM Sr£PIPOREOLY i R Sﬁﬁgﬁb?%ieegi Uit coperabl e tlgotrs];%%g%f one at

el ectroni ¢ conponents other 19 rst el'ectronic

atime, el ectroni c_conmponent a second_el ectronic
corrponenté,leéacnd“hl %a??ﬁ%gbg%(t ’a%) Egmﬁgg nﬁon%j%%ﬁtof i t¥86i PELIFLYHe

pl acenent Q§q9 of, the Hlacenent a@paratus to nove relatively froma

posi ti on B WEIE thé PLASETN . tiBRi CaL6HpBR4AR FYbrBNbE pParablecta
position ere the second el ectronic conponent is to be placed, (b) a

f eeder mfgi\ég]r%’rﬁattq ) refucfetif oith Feedert thmeashppipesftdime secanic

el ectroni c conponent to nove to the placenment head suction position if the
secohl elWMRUMRE pedt eaph placetknarepayataisl0 ar et bepeNO¥ BN ehdie
required for a feeder that supplies the first electronic conponent to nove

to the pltigeneequhead foudthopl posneéndapphirarushts peeeBdnl €l & 9Rh G ¢
conmponent is placed; and
component of the type on the circuit board, and (ii) with respect
toeachtype of 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 atool 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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a selection unit operable to select, based on the head novenent tines,
feeder novenent times and return novenent tines cal culated 15 for al

el ectroni c conponents other than the first el ectronic conponent, an

el ectroni c conponent from anong all the el ectronic conponents, other than
the first electronic conponent, that is to be placed next after the first
el ectroni c conponent. Here, the selection unit includes an operation
sub-unit 20 operable, for each el ectronic conmponent other than the first

el ect r onig) £EEmRONE t I [ | of a) twce
t he retur% tinme angtp(pag%)t%t@hg%?e e%a@vgﬁg%{a{ F%F%gﬁgti?d%%?pé‘ﬂ%néreat er
of the c | at. he nmovenent. ti and .t he cal cul ated, val ue; and an

el ectron?%&%g%§%ény§g}elluesc :Orgntlé%uﬁ-gﬁﬁi 36 PEBﬁ‘éF‘ﬁBFetW?%fer@t,tyag a next
electroniqfc onent, to be placed after the first electronic conponent, an
el ectroni¢ é@?&&ﬁﬁﬂl% i 1§ P8eacénthreBlaganeet srpparatusese val ues
adopted by the operation sub-unit for the el ectronic conponents other 5
than the first %t tbai eptomprieinn appaeatulsengy deefenichappdahat usctncl udes
a rotary placenent head, and the selection unit selects one electronic

conpofentimasath oo he ledl iy abedhbeat apvemidrd ivies, +heesescrpygent
times, return novenent tinmes, and a rotary placenent head 10 hal f-rotation

time. Furddmponsme:s tiie pleseatthdwest | ohd fadnr @PEADS Z3id 1 APRAE ALYS for
optim zing an el ectroni c conponent placenment order used in a placenent

appar at UssttdwaighRGes o?k:%%rl%”'t& s?%kf‘iﬁéi’l%?lgcﬁ.leioét‘ paGld EULE R?Fc%xgm?b%

repeatedly performng tasks until ctroni ¢ corponen i%% pl aced

have bee AGRY, i .composed of :_a feeder that supplies at

| east ongkg%ectrlésggﬂﬁ%ﬁggfgg#ggﬁglgggpogﬁgtfyﬁg %?Sé$%%??EwﬁE9££%%onent
nmovi ng t tion.position of | acenent head_that includes at |east one
nozzl e, glnngLT%% “pl g’&gnéﬂts%%%%’ ﬁEE?ﬂﬁhuW%‘f QiegLEChHREN20 WRRIRVNE C

conp ﬁent from,t he feeder and placing the at | east one picked up electronic
corrpg ent?bASE1GERY “BokhE, TYRR VpElActHaTs sSppwoaend tHpRutPropea t ask

information storage unit operable to store task information for each task,
each taspftheplacementapparatuses;aselectionunitoperabletoselect,

from the plurality of placement apparatuses, two adjacent
placement apparatuses; an extraction unit operable to extract
slowesttactinformationhavingeaslowesttactamongelectronic

15 component types assigned toaplacement 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 apparatus that is located downstream-most of the two selected
placementapparatuses;andareplacementunitoperabletoreplace
theextractedtactinformationwiththeslowesttactinformation,
in the tact information storage unit.

Furthermore, the present invention is an electronic
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information including (a) a placenment order of electronic 21  conponents
in the task, (b) placenent positions, each of which indicates where a
different one of the electronic conponents is to be placed, and (c) a
feeder position indicating a position of the feeder that supplies the

el ectroni c conponents; a first 5 generation unit operable to generate an X
coordinate list by rearranging the task information for all tasks so as to
be in descendi ng order of X coordinate of placenent position of an

el ectroni ¢_conponent. last in th | acement order in each task information;
a second Gener Gf'?*or?%?rﬁet‘“e&&eﬁé{ﬁl%egt goPRRerat et #t1deastoorai mbReenest by
rearrangi ng the task information so as to be in ascending order of a

gr eat est %g%@t%martdﬂqq}e?eaéﬁcw@miicm@nmerms, caral camcadsi goaedi unit
operable to alternately select a task froma top of the X coordinate |ist
and a toplmfluding: cobediatat ked$tst one tpikacdmadred apgeratand assi ganeach
task 15 a position in the placenent order according to an order in which
the tasksopiee zet bt esppaied€us | hehepbi Al Taki @b aRRARAtIS fHT 4 Behehpc! udes:
a calculation unit operable to calculates a first total novenment anount

t hat 5ndia}&ﬁzﬂsa@sﬂb&bé@@&ﬁ@éﬂ.eE'ﬂ%oBﬁ%dc&Pé/@ﬁeﬂ{s 2 tﬁ@%'ﬁc%qtaﬁs?géecut ed

in the placenent order assigned by the assignnent unit; a task selection

uni t operiabhech@ d8akes) i tNAnt A nifdh i ALE! iheopsrabl e to swap the

two sel ected tasks with each othe nllﬁé;lhtl[ ﬁr'ea%grcrg@grgfeanwlg&ﬁé??tJa’“%ﬁ?%b?%ti on

uni t openiﬁﬁg}%é¥_ al cul ate a second total novenent anount that indicates a
c a

22 di st "the head noves if all tasks are executed in the

pl acenment order_in which the interchange unit has interchanged the two
tasks; and an &Hﬁg?Fﬂﬂmgﬁb-uﬁP? OPEREBIE tNERIpkO plsacenentacedentof all
tasks that corresponds to a snmaller of 5 the first total novenent anount
and the SRR TG dhenplaeenelamuanicgempenspie, on kecpreséntbdavéntion i s

an optim zation
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,
aninformationgenerationapparatusforchangingmovementspeed
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 informationforeachtypecﬁfelectroniccomponent;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 to select, fromthe plurality of placement apparatuses,
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apparatus for optim zing an el ectronic conponent placenent order used in a

pl acenment 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
suction position of a placenent head, and the placenent head picks up

el ectroni c conponents fromthe feeder and places the el ectronic conponents

on a circuit board, the optim zati on apparatus including a plane generation
15 unit operable to generate, for each el ectronic conponent type, an

i magi nary, e that_ includes positions in which electronic
conponent%&%ggﬁﬁggb§gg%§¥g&?§:%@pﬁra gﬁ?gaﬁﬁl%??5%%%1?%@ﬂdéﬁ%9%ﬁ%gle
conponentt$laqgs in g $redeternined order; a rearrangenment unit operable to
rear r ange-? & "E8MToRERY e RIEMeny sRe6Ft + iPApat Hoydyetidrd ans Lewesbper abl e
to generate, within each conponent plane, an optinmum path that connects the
conponent®C e He speRsopBANIpE hpet raniic ac@ipget it Jompersatisen gueidt toper abl e
to generate a 3D path that connects the conponent planes , by connecting

t he pat h miaddmeracpreorporenthapl dre lvichletiheppatbam2RostWoE M Re OE ST
conponent planes. Here, the rearrangenent unit includes an extraction

sub- ufi t sxpiesEtE pllacerieh@Cippd £t €364, GONPLRLALL PbANG: 1 @BpBXhb1 &l £t T onic
conponent, the exit electronic conponent being an 5 el ectroni c conponent

f or mhicmiﬁﬁadﬂﬂ@ﬁéﬁéﬁtB?éédﬁ?ﬁ%ﬁ%&kﬂddﬁ%&f&&%FQ%t%@ﬂoéém%ﬁgg L. QN an

original conmponent plane that is the conponent” pllane, to an ronic

t [ th t pl ,
o e A S e

cal cul at each origi nal conponent plane and each next conponent pl ane,
S P RSP SR OnEtnEr 6r LAPemeR AR auS

an exit can e coutt
conponengﬁi and cal cul ate, for each original conponent plane, an exit
candi dat 1%t 45 £RGETRE dovrsbreammpest it &hie tuPeselented uhpeerent: a
sel ection sub-unit operable 15 to select an original component plane having
a smaf| eiPRIGAtUSHRI e & otenlagriaret drhiet sEiertlek: ord gyl a conpionent
plane as a f first conponent plane, and sel ect a next conponent plane that
has a gr @Xtestcted novendntateead untf owinialt ibaspeeh Hhe sebeekethovement
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
oftheplacementapparatuses;aselectionunitoperabletoselect,
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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the f first conponent plane, and set the selected next conponent 20 pl ane
as a second conponent plane; and a conponent plane interchange sub-unit
operable to interchange the first conponent plane and the second conponent
pl ane in a conponent plane order . Here, the extraction unit sets a
squar e- shaped area, each side of the square-shaped area being a | ength
corresponding to 24 a novenent tinme of a feeder, and a center of the
squar e- shaped area being a position where an exit el ectronic conponent is
to be pl n if an el.ectroni c conponent on the next conponent plane
falls wi ?cﬁ?%??cf%endcsap%ﬁﬁgtség&gga,o ‘f‘Qg‘ﬁé?mfaﬁ%aﬁﬁﬂar%%‘é%ﬁlsﬁ%‘éﬁ%verrent
time is less than the feeder novenent tinme. Brief Description of the

Dr awi ngs HETeRR MOS th e ke difarfisiratian Rircenenic tapma Gt ugesis semb| y
system1l; 10 FIG 2 is a perspective drawi ng showi ng the main conpositional
el enent s VIR igh gpdédoprasbirento ratghiawt Y24t EhGorm3Aiba Bapenspective
drawi ng of the main conponents of a nmultifunction placenent machi ne 125,

and showsfasd et rtenitc thampohentstbectgdpbacedst 1baft G nf@Bud Sidn PEESPECt i ve
drawi ng of the main conponents of a nultifunction placenent machi ne 125,

and showanelert & DBLEr6RIBORMPH RN O RPSST Redi g ébigoﬁgﬁég&&gﬁlagram
5 &

showi ng the structure of an optim zation apparatus 200; hows an

exanpl e ofpidiedal anat et 168a 0l HSAHMANEM-FAN & FLE (8, shovs, an, exanpl e

of the data structure of a tact c ulation correspon G. 7
shove. an ATl Ol 308, SLENSLALS Slrfofl BORont 28,  abparatus type
theextractedtactinformationwiththeslowesttactinformation,
in the tact information storage unit.

10 Furthermore, the present invention is, in an electronic
component placement system composed of at least one placement
apparatusthatplaceselectroniccomponentscnlacircuitboard,
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 to extract slowest tact
information having a slowest tact among electronic component

types assigned to a placement apparatus that is located
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FIG. 9 shows an exanple of a tact table to which a placenent 5 tine has
been witten by an optim zation unit 203; FIG. 10 shows an exanple of the
data structure of a conmponent placenent table; FIG. 11 shows an exanpl e of
t he conponent pl acenent table to which a group of a conponent nane and a

pl acement time has 10 been witten; FIG. 12 shows an exanple of the
conponent pl acenent table to which a next group of a conmponent nane and a
placenent tinme has been witten; FIG. 13 shows an exanple of the conponent
placenent table 15 when division of conponents by the optim zation unit 203
has ended!’PFHEANAHovRT ahhexEpl 2ebecteé phecenant cappraabedeby aact
table calcul ation processing by the optimzation unit 203; FIG 15 is a

f I owchar tSSHERF HECTAMIGL Iopeaadfl coper ek t vast 20n ple rifndiomed thyrt havapl & zat i on
apparatus 200; FIG 16 is a flowhart show ng operations for provisional

cal cul at i orsoér ttteectt ddtart alflee exfEirGotdd 63 owelsltowabar i n588ME BYcAPEL-8RHI ONS
for dividing conponents; 26 FIG 18 is a flowhart show ng operations for

cal cul at iampridieetl aetrbabke; cdrigand®: | 8ypel! aehaniesheni ng gpsLatlbpps for
SWAP pr ocdgg?si@ng; 5 FIG 20 is Eélénbl ock 1c’l?agr am shovﬁ' ng the s}?r ucture of an

assenbl y AR @S Pl 1686108 Qhuhferdd ShoSIRAIIRNEL LG o ggLgShovs

an exanple of the data structure conponen hows an

Chone Sy Al fopLLUELLE, O QR ERL LLAGRITI, L BRLEL 515, 2
LSELZf?gﬁgx%%gfﬁ%gELgk%%gf% éﬁﬁitfgﬁﬁigﬂE%e%ﬁddi;%Jééﬁfggéﬁmgggﬁﬁ?g
in the tact information storage unit.
Furthermore, the present invention is a computer-readable
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 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
electronic component moves to a suction position of a placement
head,andthepﬂacementheadpicksLu)electroniccomponentsfrom
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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15 optim zation apparatus 200; FIG 25 a conceptual drawi ng show ng the
positional relationship between a conponent feeder 301, a rotary head 302,
and a circuit board 3030 in the high-speed placenment machine 124; 20 FIG .
26 shows an exanple of the data structure of a novenment tact table; FIG 27
is a flowchart 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 fromFIG 27; FIG 29 is a view
of the rota of t he hi gh-speed pl acenent machi ne 124 from bel ow, and
shows the 1?%%/ 5B§ H&Sd ealte%tltqw ¢QuPgneNEong@t st imei e@tdthe veleoctady head
of the high-speed placenent machi ne 124 from bel ow, and shows the rotary
head at #}FHEre®ic Fr@ipogentsag Bi e cchal te lshdwiangl aoveEnesient , t A8d
conponent feeder in the Z direction, and the change in the picked up 10

conponent&a kel a be mihcedeadnmomemESt e Buised rout thaep phewhagtt he
positional relationship of the conponent supply tray of the multifunctional

pl acenenthe@t bEnte phecalaceapphriead tansyd el LI gyl fQBﬁ\radIi; } 3 is an
exanpl e show ng the data structure of the 15 conponent nane . 34

showssa phraded tl’lbef"h%ft & ELEFSh L c l&%ﬂ\%@)n@%{zté;)t“glggﬁ) s%éefggolél %)s1%60g hows a

O et a9 th? Tate ?trUngrgoo ohgﬁt n i nformaton has been
A R e e R L

list; FI C%eg’ erI SmoaJ]ert?é(n m?:ll?neSh%V&Auq. etdhefo%agafgfe{ig%t glrlgtogugp{iggl t}%g

second electronic component tomove to the placement head suction

position if the second electronic is to be placed, and (c¢) a

10 return movement time required 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

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 from among all the electronic

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 selectionsub-unit
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pl acement point list; FIG. 39 is an exanple show ng the data structure of
a maxi num Z coordinate list; FIG 40 is an exanple show ng the data
structure of a task 5 pair list; FIG 41 is an exanple showi ng the data
structure of a placenent order list; FIG 42 is a planar view show ng the
positional relationship between a circuit board 451 and a head 44l; 10 FIG
43 is a flowhart showi ng an outline of operations by the optim zation unit
203; FIG 44 is a flowhart show ng operations for path determ nation
accordin urn optim zation nd.continyes in FIG 45; 15 FIG 45 is a
f1 owchar ?O lE)'—J\{/ﬁneg t8p%$£?$]5h§% Bt FlIECEEPRLEaFPBRACREREIA hg REaeed ur n
optim zatiPn, and %Qnti nues in FIG 46; FIG 46 is a flowhart show ng

oper at i o3 ¥OF Thet ALYST P hPREYPBEC RAIMAMNS  8r el aFhrepiFndompornant and
continues 20 in FIG 47, FIG 47 is a flowhart show ng operations for path
det er m nRPOFEIRIBHNNFOt & ea Ukesoptailniezanpog, a bhdheorbilnaesadopfed  48;
FIG 48 is a flowhart show ng operations fox path 29 determ nati on
accor di ngoy dheepperatpbhnszht unht £owdl thenkileeesohientbhfonddtsFbGed9 shows
an exanpl e of the paths of tasks according to a conventional technique; 5

FIG 50 stiows tie exan e ictisnid dagdHenof tasks according to the fourth
enbodi nent; FIG. 51 shows a plurality of imaginary conponent planes ; FIG

52 shows positifis | Phdh1EER]ER 59@%9%:?%3%%3@?%5% & ol &%o&e@%lnfri gi nal

conponent pl ane, and square areas; owWs "an € e he data

;E r ;ﬁt g;iq%@id,a aglldaﬂﬁel ééiécﬂ.& 'ur?ft Sshe Vésctasno%)éae legtggnggecgn%gnesrtl{ ucture

based on the calculated head movement times, feeder movement
times, return movement times, and a rotary placement head
10 half-rotation time.

Furthermore, the present invention is an optimization
apparatus foroptimizinganelectronic component placement order
usedjrlaplacementapparatusthatplaceselectroniccomponents
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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candidate list; FIG 55 is a flowhart show ng an outline of overall 15
operations by the optim zation apparatus 200; FIG. 56 is a flowhart

showi ng operations for rearrangi ng conponent planes; and FIG 57 is a

fl omchart showi ng operations for generating optinum paths in conponent

pl anes. 20 Best Mdde for Carrying Qut the Invention The foll ow ng descri bes
enbodi nents of the present invention with use of the drawings. 1. First
Enbodi nent 30 The foll ow ng describes an assenbly system 1l as a first
enbodi ne th rresent invention. 1.1 Structure of assenbly system 1l The
assenbl yn‘%%/rﬂs)éoenr%rispég EH%V&F‘%}H EPG PiaCPReRE RRSER S Df earhoptivhial i on
apparatus, 200, a production |ine LAN 131, a feeder 120, a cream sol der
printer 191Gt GTIMES dGediffenmenitnepecofohhapehererd?Pe corpahespeed
adhesi ve application nmachi ne 123, a hi gh-speed pl acenent nmachi ne 124,

nul ti functs 6A kst Réeredt amdHimes fE2Geandod26ioa imlindad ePARBENE i on

i nspection 10 machine 127, a reflow apparatus 128, a visual inspection

machi ne 20 thanfleadst artage s&@@&ﬁé&@hé&ed@&li@%bmbl&%e%%%?”glﬁ’iisé/ﬁ[ em 1
is not limted to having this structure, and may have a structure that does

not i Bcl umedtdt iidie ustial b aeducthogeaRPak AL HFeS- ! e
assenbly system 1 may be@\)%itr?out allatehe stated %50‘?%)%%@%??‘%;%%%% es, and
may have ¥ 8 idyy tde RLGR- ines. Furthernore, the
producti on appﬁaltntt%es em':lyg Sg??%gg?ﬁ?@%ﬁ%@lﬁaﬁ%gq Fﬁet‘arst}’)%t“arf ed,
to conpo rali f ldges in.parallel. In addition, the production
appar at UZ%ssacae?Jéﬂr??[ OIEi)éne”ll(}t 85 SOCBSFﬂgnﬁgﬁaﬂaeBi?ﬁe?‘ﬁ’étslf%%bﬁl%?déf an 20 The
optim zateilon ta(@;:pgpar atus 200, the feeder 120, the cream sol der printer 121,
the cream SOl der 5 CREPPREPECLRER Fadhs@leremarie oiidgh- speeachadiresk ve
applicati,on machine 123, the hi gh-speed placenent machi ne 124, the

mul ti functy “ﬁl%(?é’rfeﬁt second generation unit operable to generate a

or

10 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 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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machi ne 125, the multifunction placenment machi nel26, the nounted 31
conponent inspection machine 127 , the ref | ow apparatus 128 , the visual

i nspection nmachi ne 129, and the storage apparatus 130 are connected via the
production Iine LAN 131. Note that the means of connection is not l[imted
to being a LAN. For exanple, 5 the production apparatuses nmay be connected
by RS232C. Alternatively, data nay be stored on a floppy disk, and the

fl oppy disk used to transfer the data i nstead of having the production

appar at uses ecte a, networ k. The feeder 120, the cream sol der
printer ﬁls,%orﬂé;e cq:}leagcml%:y[‘@ D5RdPORES n]tfeiqﬁpé@tsikénaﬁﬁcﬁKﬁ@uFQQ, inhehe

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

machi ne \C/REN trerderuhi tihdir p Ehechitr T eleatd 1 @ni2bhas hien tradt ¢hd naed | on

pl acenent machi ne 126, the nounted conponent inspection machine 127, the
ref | ow app¥ diWes ks t hediayua daptsimec ts wn ureicthiope rdh 12 %o andbihe, St or age
apparatus 130 are arranged in the stated order along a transfer line. Each

appar at u®lagsmesstts arfdercbfcall tosksl Himta JesRe¢lnie Phegeses i Bedys
process, and transfers the processed circuit board to the apparatus that

per f 08 s tHee friet pb@aedhkbeeméﬁttﬂ&ﬂ@h@%&“&&%&F&%&’P%{odvé@e [ oduced
|11 e

by being successively processed by each apparatus el Ng pass 1d from
an upstr egauyocedure through to a downstream procedure. Here, upstream
procedure refers to the procedure at the feeder 120 end of the transfer

| i ne, and down rocedure refers to procedure at the storage 32
unit 130 end offﬁgtgl%%ﬁs ’e(r% S k& ESE GG o fdy ARisiasiaationl |y,

the feed Q.keeps a stock,of a plurality of circuit boards on which
el ectron%&jp(jg%r%: eﬁ?goﬁgwlﬁbf‘gﬁ‘é‘t‘e]{?w%ﬁ)%%‘%@lne%?éaﬁ@m@vé:rond@n it is

possible for sone con;gonents to have been nounted on these circuit boards
by ot her UFEfed? RO GPUINE RRPATRISES dity whilchbaaf eledemytliaic|augeplies

10 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
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 3Dpath that connects the component planes,

by connecting the pathwithin each component plane with the paths
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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 tine to the
cream sol der printer |21. The cream sol der printer 121 receives one circuit
board . at atime fromthe feeder 120, prints cream solder on the received
circuit board, and feeds the circuit board on which the cream sol der has
been printed to the cream solder print inspection 15 machine 122. The cream
sol der print inspection machine 122 receives one circuit board at a tine
fromthe creamsol der printer 121, inspects the state of the cream sol der
printed dﬁlfm%nr%kQﬁW BRORRARE Bres - and feeds the inspected circuit
board to the 20 hi gh-speed adhesi ve application machi ne 123. The hi gh-speed
adhesi ve appl i dit¥on hhaehireert2dgepeaitvamioneintiades beardketaatribge from
the cream sol der print inspection machine 122, applies adhesive for placing

el ect ri caukonpohepesabid tdﬂe}dtiﬁaeﬂ,Ofcbh%ar&p@bmpgnghﬁcgymgng)pgrndexﬁgd f eeds
the circuit 33 board on which the adhesive has been applied to the

hi gh- speesl et tasembntcomehicit: 1 2he E&gthbgez;%i?%@cpbéﬁgglé@ga”B&E‘Lgear}m

receives one circuit board at a tinme fromthe high-sp hesi'v

appl i sat idl[édﬂ&fﬂi@cémﬂ)gﬁenﬁlﬁﬁ@%h?bg%ﬂ%gﬁgcgﬁgyl% e@&é&%&ﬁ%\%ﬁt{ﬁf@%\éed

circuit board at high speed, and feeds t circult 'boar
el ectri cady HPRRQNERE S N Iﬁ laced to. the multifunction placenment
nmachi ne 125. FI G g ShOWSPe? egle@rraq%nago%b%}?"i‘ FATRPANGENPLade that1bs
hi gh- spegd, I@@gnent machi ne 124. Each of suction nozzles 243d provided on
respect i Ve bot TORTEThs BFARE | LPefthie RGr ouae peBRENERt acBompomeEt from a
p _ C o
conponent_feeder unit 243f and perfornms conmponent recognition. The
np - 1 p P ) -
pl acenentCHWRRI U3 PlAgeatbatt saappthereranpedepbspiane, amdvitieisuct i on
nozzl es 243d place the 15 conponents on respective predeterm ned positions
on a cirdfedoaravenset thiaehi gh- spdedlpticenentb nachi nepé24baed tdhe
mul ti functi on placenment nmachine 125 are different types of placenent
machttes 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
interchange sub-unit operable to interchange 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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that place el ectronic conponents to a circuit board. The 20 hi gh-speed

pl acement machine 124 is for the purpose of placing a snmall nunber of types
of electronic conponents on a circuit board at high speed, and the

mul tifunction placenment nmachine 125 is for placing a | arge nunber of types
of electronic conponents having different shapes on a circuit board. The
hi gh- speed 34 pl acement nmachine 124 and the multifunction placenent
machi ne | 25 have a common function of placing electronic conponents on a
circuit board. The multifunction placenent nmachine 125 receives one 5
circuit BHICTEEENL e 9T Smferdesi ghrd e eentiasc efehbe miaree digvped pl aces
conponents on the received circuit board, and feeds the circuit board on
whi ch t heéXda&eiogi @ ronoienwhersy enbeeit @larad-dmid kenpbhbhfungtE®n

pl acement machine 126. FIGs . 3A and 3B show the main conpositional

el ement s o placede and t i funceileatpbaseriipdiatt BR td nek® Worbhtshd £
nozzles 262 to 265 are provided on a |ower side of a placenent head 261.

The suct ipnmozai &5 w32 ihor RE5eRi sdudih §PARONGRIR S £R PR eeder
unit 266, and in the case of ordfﬁg%y conpongnts, per?%?ﬁ% coﬁ%%%%ﬁ

recogsi t iha RRRRMEAY 1k Eheck e A& A5 cases in which
conponent recognition i s not perefrslbgr err%lcflr%/mhcg{r’]et ee(%:eorrrpnbon‘{aweqts t(:’tfﬁLffp‘onent such
as a connector . Next, the placenent head 261 noves to a predeterm ned
position, and the suction nozzles 262 to 265 place the conponents in

respecti Nl eterm ned posjtions on the circuit board 267. 20 The

mul ti f uncti ¢5¥£éﬂiﬁ§“ﬁiﬁﬁW499&=sane as the multifunction

pl acenent machine | 25. The nounted conponent inspection machi ne 127

recei ves one cifféui & BSard bdtock td i famo ahdwe rpu| tthidf trtoticdnuns acferent
machi ne 126, inspects for defects or msalignnment of the electronic 35
conponentas semltliye sysdeinvdd circuit board, and feeds the inspected circuit
board to the refl ow apparatus 128.

10 FIG. 2 1is a perspective drawing showing the main

compositional elements of a high-speed placement machine 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.SShowsanexampleofthedatastructureofamxmmonent
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

25



The refl ow apparatus 128 receives one circuit board at a tine fromthe
nmount ed conponent i nspection machine 127, nelts 5 the cream sol der on the
received circuit board, and feeds the circuit board on which the cream

sol der has been nelted to the visual inspection machine |29 The vi sual

i nspection machi ne 129 receives one circuit board at a tinme fromthe refl ow
apparatus 128, visually inspects 10 the state of the soldering and the
state of the conponents, and feeds the inspected circuit board to the

st orage ad[b;%r ,L30.  The .storage apparatus 130 receives one circuit board
at a tinme at tttgls‘tser;C ot tta%)eleprocess fromthe visual inspection machine 129,
and stores eac& received circuit board. 15 Note that the transfer |ine my
have two transféf - &i FEOFEaRT kK ARIAICT 4he) dadadstwoctrreouf @itrawi t
boards may be sinultaneously provided, transferred, and processed by each
product i &ﬁ”‘b&ﬁgar atuses fromthe upstream procedure through to the

downst ream procedure. Furthernore, although the above 20 description
describes one ¢IGcu? shbearah beamngl eedfeh @ tataldl & tlByh £ MW aGiraddfe foar ds
may instead be transferred at a tinme. 1.3 Structure of the optim zation
appar at usi2@0 hblze bepln Mizaitia HPRE Hp4S A0t 3% hawWn J3 FIG 4, is
conposed of a display unit 201, an input unit 202 , an optim zation 36

unit 203, a trangTisEEReE a8 ettgf' ' melEon storage unit
205, conversion units 206 to 20§f,ylan %gét%%c’tgl%llllg%t?%rne% AR 21 |

Speci fi cahlabenl® QR41E.zation apparatus 200is a computer 5 systemthat

i ncludes a m croprocessdr that stores a conputer program The optim zation
apparatus 200 %‘Eei eyes hiots functi ons b¥ t he m croprocessor operating
according to thé conput erwsp?Bgef’%?'rﬂpq(el? | i CREPCaS 1t Bt agerent tta20s: 10 The
information storage unit 205 has a conponent table, a tact calculation unit
correspoﬁ&eﬁﬁ‘éc{lagl%]fo‘éppq’ CeFORPOREET RéTeypadt abbacenencttimeblles and a

conponen | acenent table. <Conponent table>
rﬂﬁ& hegn written; P

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
tacttablecalculationprocessinglnrtheoptimizationunit203;

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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As shown in FIG 5, the conponent table is a data table 15 that includes a
plurality of pieces of conponent information, each of which includes a
conponent nane, a component nunber, an X coordinate value, a Y coordinate
val ue, an angle 6, an XY speed, a canera, a nozzle, and a head speed. The
pi ece 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 a ,..a_connector, or a chip, but refers also to
conponent s havis“‘?nlgG ﬁg Jssaﬁ'etols?\‘%fﬂ%alb%fshﬁwlp@r%r%\%@ss for ¢axbswhstiugh as 37

havi ng different resistance val ues. Such conponents are considered to be
differenftﬁ?pgﬁjBft%%H%bnents. The conponent nunber is an identifier for

uni quely identifying a conponent placed on the circuit board. 5 The X
coordi nate val BlGndlY dsorai fiibechakte shwhiiaai espet&8PEREI @)Y, sfiip X
coordi nate value and Y coordi nate value of the position of the conponent

i denti fi erdesdisngconponent nunber . The angle 0 indicates the angle forned
between an X axis and a side surface of the conponent identified by the

conpohent 10 nwimeer 20 fist RebGBEROAEAL rhe LALAL b oncthe
surface of the circuit board. The Xngpeed ind?ga%g% %%gégggg% 3F Wi ch the

Circul t baschiy oy Ao X MG NG GATY Blhdcates, g Lype of camera

provi ded in the 15 pl acenment apparatus. e nozzl e ?95é of

nozzl e provide .. IThe head eed indicates a speed at which a

head of the pl g‘c@mn{]gggggg&%ﬁa@fe@f %ﬁeﬂ?WH%@r%Wﬁﬁc@W@m@ti on

uni t cor&&&ggqgque tabl e> 20 The tact correspondence table, as shown in

FIG. 6,48 a™fat'a table having a plurality of pieces of correspondence

i nformation, each of which is conposed of a placenent apparatus nane and a

tact cal cul ati éF%ni%? Faws e exaapdemtt dppardeties stanetidentof i €5 a

pl acenent
10 component placement table;

FIG. 23 shows an example of the component name list in
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.26showsanexampleofthedatastructurecﬁfamovement
tact table;

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

FIG. 28 1is a flowchart showing operations of the
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38 apparatus. The tact calculation unit nane identifies a tact
calculation unit in the optim zati on apparatus 200. Each pi ece 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 nanme in the piece of correspondence information.

<Pl acenent apparatus type table> 10 As shown in FIG 7, the placenent

apparatu ype table is a data table that has a plurality of pieces of
pl acenenfof;atplg“alrzaa{ O PSR 'ngn,zab@acr?fﬁ R tgmugs dyams Blghpdsked of a

pl acement apparatus nane, a type and a head count. The placenent apparatus
nane identified' & plficéfent VisvWaphathe usotdte heqpe of tame itdeyt-idpeasd t hat
identifies the type of placenent apparatus. The head count indicates the
number ofPRikerdn makb ipkat24rehton ppaoat, Usnd 26hcWathel @Bk yASeSHN i N
FIG 8, the tact table is a data table that has areas for storing a
plurality dfim@ ecles of conponent tact information, each piece of

i nformati on being conposed of a conponent name, a plurality of pieces of

apparatus tact 138 sonar deiien o8nehe 1OLAly ALk B age of orponent tact

informati on corresponds to a type of conpon boar d.
The conpen@Mendd Lk denhLfq of conponent. The pi ece of apparatus
tact inf g;rlrrati on i ﬁcﬁﬁggé %fﬁa%o%%%tl&‘f’f %’H‘E sglod‘fsaégﬁ‘?em’t??%ehe%@trmxi num
tact is the, orteest of possible tinmes for picking up the conponent through
to placi ng the corponent on

FIG. 31 is a time chart showing movement of the component
feeder in the Z direction, and the change in the picked up
10 components and the placed components;
FIG. 32 is an outline showing the positional relatio.nship
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 data 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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the circuit board, and is witten to the tact table in advance . 10 The

pl acenment tinme is the anmount of tine required fox one task. A task denotes
a sequence of conponent placing operations consisting of (a) the placenent
head nmoving to the conponent feeder and picking up el ectronic conponents,
(b) the placenment head noving at a set speed in a photographic range of the
15 recognition canera, and the recognition canera perform ng recognition
scanni ng for photographing all electronic conmponents picked up by the

pl acenent head, and géﬁi) the placenment head placing the electronic
conponemﬁQQﬁ?W9ﬂ¥(ﬂ tLi5dard. The conponent count indicates how many
conmponents 20 identified by the conponent nane are to be placed on the
circuit board. FdGorbbhean gcasiresiiow by ehe s tshomrudiufd & a mk inthe
conponent placenent table is a data table that has areas for storing a

pl ural ity cfoqriddaeseoflidd); conponent placenent information. Each piece of
conponent pl acenent information includes a placenent apparatus nane, a
total placementrIG.ne0 iandnadxdngsisd saBR1iagt 14 d%t%oéer@@@ﬁr@%'fea%qg]@

pl acenent tinme. 5 The pl acenent apparatuS name identifies a placenent

appar at uspaikhe jg@nponent nane indi cates the name of a conponent placed by
t he pIacenent apparatus identified by the pIacenent appar atus nane. 10

Furt her nore, Nt ti di cates th t of tlne uired to
pl ace the conponent wﬁ n%§ 5%%@gﬂof ?5?%6%% thi

i ncl udes a_plg{allE%. ZbOf a conponent nane and placenent tlne t he
sets are arrange&' ﬁﬂ] e of conponent placenent information 15 in a
manner that indicates the order in which the conponents are placed. The
total placenment finetfs B8t ct alPlpiage Biewachhpvarsnethe t ipnsiitiarned pi eces

of conponent placenent information. (2) Optimzation unit 203
relationship between a circuit board 451 and a head 441;

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 is a flowchart showing operations for path
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20 The optim zation unit 203 provisionally calculates a tact table
described later. Next, the optim zation unit 203 repeatedly perforns
conponent assi gnnent processing described |ater and tact table cal cul ation
processi ng described | ater, a designated nunber of 41 times. The

optim zation unit 203 then repeatedly perfornms swap processing descri bed

| ater and tact table cal culation processing described |ater, a designated
nunber of tinmes. Each repeat, 5 the optim zation unit 203 judges whet her a
line tact is less than a previously calculated |line tact, and when the |ine
tact is |deXmidmtinn goevirdisioyteateulat eptimedtden, end dderiepeats .
<Tact table provisional calculation> The optim zation unit 203 perforns the
fol |l owi ngtxddm pFrIotessi ng, for each placenent apparatus. 1 ) The optim zation
unit 203 reads the placenment apparatus nanme fromthe placenent apparatus

type table, andr®ads bhewkyae ARthead FCoNOt, £ I %sfpeggkggqécg?wﬁi@eg;ﬂ

pl acenment apparatus nane fromthe placenent apparatus type table

Next , tkm%dngiéggggﬂggbéﬁﬁtﬁ%gﬁ§£§ﬁ5$ the tact calculation unit name

corresponding to the re ‘apparatus nane fromthe tact
cal cukation uni orgesppondence tabl e, and_se] ects the tact cal cul ation
unit. 3) Next, FtIhGg ogp(?i %ﬁggﬁ SR RIS ‘?%pEgFe&F)?JEEFPSWwaOt%WéS
follomﬁn%KpQQC.ssiqghnﬂk?e ch conponent nane placed on the circuit board. 3
) -1 The OptimZHti tr O SO e HaXi mum tact and the conponent
count corresponding to the placement apparatus and the conponent name from
the tact tableFiGeadd sV wrlurdlipy of Hoagdad ryoannponentgplontiag to t he
pl acenent apparatus fromthe placenent apparatus type table, and outputs
the conponent Mg, SRhehomsi pumitaohs ihewhDopoaBEEt SO  cdiforlapes and
t he

are placed on an original component plane, and square areas;

10 FIG. 53 shows an example of the data structure of a plane
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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head count to conversion unit corresponding to the selected tact 5
calculation unit. 3 ) -2 The optim zation unit 203 receives the placenent
time fromthe tact calculation unit via the conversion unit, and wites the
recei ved placenent tinme to the area for storing the placenment tine that
corresponds to the conponent name and pl acenent 10 apparatus in the tact
table. FIG. 9 shows one exanple of the tact table to which placenent tines
have been witten by the optim zation unit 203 . The parts shown with white
characters in gﬁG : i ndi cate placenent tinmes witten according to the
above- descri bed [t W9 geseeihgsnant aasenphvesitstamd @st enfzaston unit
203 assigns conponents that can only be placed by a particul ar placenent
appar at usSTERPEHBRR | QE et PEppRR it LRVenkioes t he conponent name and

pl acenent tinme to the conmponent placenent table, calculates a total

pl acenent tine ROl fYrrudisiyd avkreesdemppar ey siserh oL whi ch t he conponents are
assigned, and wites the total placenent tine to the conponent placenent

table. FIG. l0nshonsamexapiedoh (he comeneql spbacerent tahbssta whi ch
the optimzation unit 203 'has witten conponent names 43 of conponents

that san olah bspbiioact ih Aalidicil 3o obl acBURRIIRBA' 3L S, A, Lhe

pl acenment times therefor. The parts shown I'té character FIG. 10

i ndi cat e plRcensnt iy Mes jft ccording_t he above-descri bed,
processiﬁg. 5 hbx%?bfﬂg %%§44¥Szgf%3hpﬁﬁPngogzieﬁb&ﬁ?aﬁhéoiﬁﬁFbRFh@t

pr ocessi r enei ni ng. co ents that have not been assigned to a
%%{é?c ﬁ*ﬂg 'Wﬁ%ak?g “GREEd2 SIS IM& saPhbippherent

tion m
pl acenent™ a ar at us. Tf
apparatus_havi ng _the | Qwest total placenent tine. 10 2 ) The optim zation
unit 203 “éae‘Fa}éJc‘E‘g 12 r'eﬁé}%ﬁfﬁﬁ'?@&ﬁipegéﬁ?mﬁﬁ&ma%hme R4  topl bifuhetiant
table. 3 ) The optim zation unit 203 assigns the selected conponent to the
sel ect ed RytaRUMINE Maghdngsub25 antl WRitt es mdin owhponenhenanenapdcpiasement
time to the conmponent placenent table.

10 machine 127, areflow apparatus 128, a visual inspection machine

129, and a storage apparatus 130. Note that the assembly system
lisnot limited tohaving this structure, and may 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
apparatusesarenot limited tobeingarranged in the 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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15 4 ) The optim zation unit 203 calculates the total placenent tine of the
pl acenment apparatus to which the conponent has been assigned, and wites
the total placenent tinme to the conponent placenent table. FIG. 11 shows
an exanpl e of the conmponent placenment table 20 in FIG. 10 to which the
optim zation unit 203 has further witten one set of a conponent nane and a
pl acenment tinme. The part shown with white characters in FIG. 11 indicates
t he conponent name and the placenent tine witten according to the
above-descri bed praqcessing. 44 FIG. 12 shows an exanple of the conponent
pl acement SYRBPRER LEpSBeCtI pripa Gl ke 12He ot rRifAeW appamatu2028hashéur t her
witten the next set of a conponent nane and a placenent tine . The part
shown wi t Y §iktt el p¥Raaictar saqhifies 12912 andditbat ssorhgecappanentis51 pame and
the placement time witten according to the above-described processing. FIG

13 shovwrarraxmgia ofiat hbecprpdnentiopl Boesemty til € whee tH8t the
optim zation unit 203 has finished assigning conponents . <Tact table

cal cul at imend @ fThenopit THiz alsl @Ot Uinti +2Br HHJIGE e, | bl 0&{;9%& ocessi ng
for each placenent apparatus) 1 ) The optim zation unit 203 sele&cts’ a tact

cal cubat e U oa o oFhea Rk EZLEONUp 1o 203 ABLalRS Lo Lhe, gomponent

15 table the X coordi nate val ue, the Y coordi nate val ue, 8, the

XY d,at oo 1 t.he head d f 11 conponents
2ssi ned Lo Thers) hety BFe 2958 5 o399 ek i SR G BV Lt o Pebno

coor di nat & v I%e v Y coorsgi naii val ues, angles 8, XY speeds, caneras,

nozzl es, uegg PSRN T Eec Vergssradoefihavinsathegpredpehient o t he

selected tact calculation unit. 3 ) The optim zation unit 203 receives the
total pl ST FIRRIIRY tRiEta R8WWR=E I on unit via the conversion
unit. 4) The optim zation unit 203 perfornms the follow ng processing for
each conponent Hhéeedepel pPacklieorredre ssildeyi prdfiter 121, the cream

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
placementmachine126,thenmmntedcomponentinspectionnmchine
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.

Eachapparatussubjectsthecircuitboardtx)arespective
predeterminedprocess,andtransferstheprocessedcircuitboard
to the apparatus that performs the next procedure. Inthis 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,anddownstreamprocedurereferstoprocedureatthestorage

32



board. 4 ) -1 The optim zation unit 203 cal cul ates the tact using the
foll ow ng expression. tact= (conponent count of the type) / (total nunber
of 5 conponents assigned to the placenent apparatus) * (total placenent
time) 4 ) -2 The optim zation unit 203 overwites the area in the tact
tabl e that corresponds to the placenent apparatus and the conponent, wth
the calculated tact. 10 FIG 14 shows an exanple of the tact table obtained
according to the optim zation unit 203 perform ng the above-described tact
tabl e cal cul ation processing. Thezﬁfrts shown with white characters in FIG

14 i ndi't4tte 13fe shdhdhe s ian tide according to the above-descri bed
processi ng. 15 <Swap processi ng> The optim zation unit 203 selects, from

t he conponent pl .2 émodudtdlnne appapladeemant apparatus Px that has the
greatest total placenment tine, and selects one conponent name Nx assigned

to the sel ect edniltdednsnt tappdeaties Pro Nexps &heroskidt zatdiQn 20 upit 203
sel ects anot her pl acenent apparatus Py, and sel ects one component nane Ny

assi gned dfo clikeus el B6hedsPbRAGEIEN ARRANAUS B}Smg-é{f{%ﬁg%;ﬁ%é%&%{}ae;{gi E) . 203

then wites the conponent nane Nx and the conpon

each ot hgfed hdenh €O4PON pl?aoqpeﬂgﬂt e. . 46 3 version units 206
to 208 The conversion unlﬁtBtCSO recel vettéﬁ'lg)%f Stnat oéo%?gﬁf‘? h&O8ptIMSat i on
unit 203, I received inforymation to a type that is conpatible
with the ctagt %;%élltt%uf:gt%laéfr? ﬁ‘ﬁ?? MY Lesh QP GRS EEECERE RBHdsr PE® iheor mat i on
to the tq]c.t calculation unit 209. Furthernore, the conversion unit 206

r ecei ves iMoo mat N8Ref AdfQ hEhekctthesc urarrBhtuhiqamzo, mepnverdinidee

received jnformation to a type that is conpatible with the optini zation
double-sided circuit boards on which electronic components are

placed on both sides. The feeder 120 feeds one circuit board
10 at a time to the cream solder printer 121.

The cream solder printer 121 receives one circuit board
at a time fromthe 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
onecircuitboardatfitimefromthecreamsolderprintinspection
machine122,appliesadhesiveforplacingelectricalcomponents

andtheliketx;thereceivedcircuitboard,andfeedsthecircuit
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10 unit 203, and outputs the converted information to the optim zation unit
203. The conversion unit 207 and 208 are the sane 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 conponent nane, a nmaxi mum
tact, a conponent count, a type and a head count fromthe optim zation unit
203 via the conversion unit 206. 1 ) Wen the type is "rotary” or "1 by 1
robot" , the tact calculation unit 209 cal cul ates the placenent tine
according, 20 to the.fol| ow ng expression. placenent time = maxinmumtact of
corrponen?f‘_)(lgarf%‘lS St 85185‘ #gﬁé‘ﬁ@flcv feheeRaARPkiedds vhE imposeaedcount
Here, the xi mum tact of the conponent indicated by the received conponent
nane is SQ{gEﬁP?QFeﬁR@ﬁ&%ﬁt%ﬁihe tact 47 calculation unit 209 , and is
the tact by the placenent apparatus corresponding to the tact cal cul ation
unit 209. 2) Wi hhehtgpeeiplasiendittanaohsnpilk veteivde ohacsisah eyl ation
unit 209 cal culates the placenent tinme according 5 to the foll ow ng

expr essi drpampd atentihmetfimen th PR £8K8E{ PEAGAQWAL ibn' md bFE Qe task
Here, the square brackets ([ ]) indicate a rounding operation. Furthernore,

the tBme &g, paabeb%ﬁé@ﬁﬁﬂcépcéﬁhbaﬂ%ﬁtéoorplﬁhfehleeéé‘f&dﬁg'igfghﬁtﬁggﬁ?%}é@it 209,

and is the tact of the placenent apparatus correspon

ames, e Taah Eaka S oncum nbbe e Bk b TR B Tnadide s ek or - each

nanes, the tact calculation unit carcu
totals the 15 cal cul ated

conponent[ﬂﬂﬂg | nner descri hed above,

placenenf:tlneé%ﬂg%g%gg sg?ﬁg PZ?SFQVgPU %&sqqﬁ¥ﬁﬁ%ﬁﬁﬁﬁ9ﬂ Riggemepikt, the
tact cal%%hgﬁion]gg%t 209 outputs the cal cul ated placenent tinme to the
optim zation Uli t-203 via the conversion unit 206. 20 The tact cal cul ation

units 210 and 211 axe the sane as |
FIG. 2 shows the main compositional elements of the

10 high-speed placement machine 124. Each of suction nozzles 2434
providedonrespectivebottomtipsofziplacementhead2430picks
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 2434 place the

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

Thehigh-speedplacementmachine124andthenmltifunction
placementmachine125arecﬁfferenttypesof;ﬂacementmachines
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
125isforplacingalargenumberoftypesofelectroniccomponents

having different shapes on a circuit board. The high-speed
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the tact calculation 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

di splay unit 201 displays 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 zati on apparatus 200
The foll owi ng describes operations by the optim zation apparatus 200. (1)
Qutline of overall operations by the optim zation 10 apparatus 200 The

f ol | owi nPkReeRe e saghing LRdeand tWpematlitdfsnoy ibhepbptemeaathanhappar at us
200, with use of the flowhart in FIG 15. The optim zation unit 203

provi si one? 3 yraval eutatresn tfhectl onact bbbt End R tEHAL)k. cdRybnehit@ on

optim zation unit 203 sets a value 1 in a variable i ( step S102 ) ,
conpar es & hei vaiitbeatrdgw th the desi gnated nunber of tines, and when the
variable i is equal to or |less than the designated nunber of tinmes (step

S103), the optifhZahh PPy £k d+ 20, 2 pan s| o t step
S104') | el culmteat por et Foh oy rns B AR 1Y WAL ohe ' The

o T epost S SR SR ae e AL U B8R BELGREME it iRt o 5100
3 the optimzation unit 203 sets

desi gnat (Ieldzlpugﬁerc 49 ofnti nes (Jgtep SlO,V),
a value 197 En8SFaE AT YL LOptRA FACCIGithat BSUL hdQAkd aBPE feedsh t he
desi gnat eq nunber of times, and when the variable i is equal to or less
than the Carated Roabdronihiichethe eleptSu0B: Lompomens sopaivei zaéhon unit
203 performs swap processing (step S109 ) , and
placed to the multifunction placement machine 126.
FIGs. 3A and 3B show the main compositional elements of
10 the multifunction placement machine 125. Four suction nozzles
262 to 265 are provided on a lower side of a placement head 261.
Thesuctionnozzles262to265pickupcomponentsfrmnacomponent
feederunit266,andelthecasecﬁfordinarycomponents,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

circuitboardataatimefrmnthenmltifunctionplacementnmchine

126, inspects for defects or misalignment of the electronic
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calculates the tact table (step S110). Next, the optim zation unit 203

j udges whether or not the line tact has decreased, and when the |line tact
has decreased ( step S111 ) , ends the processing . Wien the line tact is
remai ns the sane or has increased 10 (step S111), the optim zation unit 203
adds a value 1 to the variable i (step S112), and returns to step S108 and
repeats the processing. Wien the variable i is greater than the designated
nunber of tinmes (step S108), the optinization unit 203 ends the 15

processin rations fax ovi siQ cul t|on of the tact table
The follog?%ég%%%cr|8§: %S%iY%@ElFSPlEEEWF Tegfsdihg espestede tact
table, with use of th flomchart in FIG 20 16 . The operations for
prOV|S|on%+rE%fEu?%ﬁ¥% tofthherebtevtapparaestrided here are the details of
step S101 of FIG 15. The optim zation unit 203 repeats steps S131 to S146
for each placendit zgfdaratarparitaisogidsnireaeivesunnt 208cneadsoarpl acenent
appar at us nanme 50 fromthe placenent apparatus type table ( step S132 ) ,

and readsa ttheea §pemare headtedwdmmaidspasgendiba hdenhiead opl ageieat
apparatus nane, fromthe placenent apparatus type table ( step S133). 5

Next , 5t hetloptdraaatsdcaednbh 203 f@@@ﬁvé&l%ﬁﬁdl&@oﬁ‘a@dﬂt LR !ﬂBbhs”@HS

correspondlng to the read placement apparatus nane, fromthe tact

cal cul at i On-&gi € tfd&rﬂdeéﬂo&?ﬂ%ﬁetﬂ@@reeanﬁggéﬁ?keﬁ£§ 108 WA eE AL O

unit (step S134). The optim zation unit en repea st eps

10 S135 t¢; S14p ggg €O nent to be placed on the circuit board.
The optlnlzatloniﬁ ? ré%? Xlnun1tact and t he conponent count

correspondi ng t he cenent a aratus and _t he conponent nane, fromthe
tact table, &ﬂ} d§PEﬂe rﬂ@aﬁ§é8en&%ﬁeFeESFV§§p@ﬂG|%grﬁelthe

pl acenent. a rat us, fron1the placenent apparatus type table (step S136).
The opti rﬁ%’%ﬁ?& a time from the reflow apparatus 128, visually inspects

10 the state of the soldering and the state of the components, and
feeds the inspected circuit board to the storage apparatus 130,
The storage apparatus 130 receives one circuit board at
atimeattheendoftheprocessfromthevisualinspectionmachine
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 descriptiondescribesonecircuitboardbeingreceivedatatime,
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

composed of adisplayunit 201, an input unit 202, anoptimization
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unit 203 then outputs the conmponent nane, the maxi mumtact, the conponent
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 conponent nane, nmaxi mumtact, conponent count, type,
and head count, thereby generating a conponent nane, a maxi numtact, a
conponent count, a type and a head count in a data type conpatible with the
sel ected 51 tact calculation unit (step S138), and outputs the generated
conponent name, haxi numtact, conponent count, type, and head count to the

sel ected A cd BRI Qstrgreptzion uwhe st bectan ireforrnest oo at | on
unit calculates the 5 placenent tine based on the received conponent nane
maxi num tEQLagonpbhent2 Gouneonygpejomndnli¢ad 206ntto( Z0&p Shd0 dact and

out puts the cal cul ated placement time to the conversion unit ( step S141) .
Next, theadandertsioon umitts averd L11he recei ved pl acement tine ( step S142
) , and outputs the converted placenent time to 10 the optim zation unit

203 (step S143)peBig ieptlilNi, zehd 8Pt ¥Rk La293nhen Wiideso b he A &5ai vied. .
pl acenent tinme to the tact table, in an area for storing the placenent tine

correspongdi e n I aratus (.step
Sy B T T Bt Be oD B TP Ao dEteT | bes

operatio SSi i 0of_.conponents, W use .,of the flowhart in FIG.
17 . Therbgﬁ)fg(r};atnﬁo?}slgf T c%ln{)aoﬁ%oﬁagggfﬁﬁﬁﬁn%g%é‘éz iVEP hEF U A | s of
step 810% of .FIG ,15. 20 The optim zation unit 203 assigns any conponents

that can 8nl P He™bPERRECHSSSOpaPETRtdmIp| aRAEM N Rpbar Ahes GANRHAT

pl acenent a(%par atus, and wites the conponent nanmes and the placenent tinmes
to the c&HPGFEM: pl acement table ( step S161 ) . The optimzation unit 203

calcul ates the total placenent tinme 52
(1) Information storage unit 205

10 The information storage unit 205 has a component table,
atactcalculationunitcorrespondencetable,aplacementmachine
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 0, an XY
speed, a camera, a nozzle, 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,typerefersnotonlytocomponentshavingdifferingshapes,
suchaseiQFP,aconnector,orachip,butrefersalsotocomponents

having the same shape but different names for reasons such as
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of the placenent apparatus to which the conmponents have been assigned, and
wites the total placenent tinme to the conponent placenent table (step
S162). Next, the optimzation unit 203 judges whether or not any 5

remai ni ng conponents not yet assigned to any of the placenent apparatuses
exist, and if not ( step S163 ) , ends the processing. If any remaining
conponents not yet assigned to any of the placenent apparatuses exist (step
S163), the optim zation unit 203 selects the placenent apparatus having the
shortest 10 total 'Pl acenent tine (step S164), sel ect sone remaini ng
conmponent®¥iRG RETE8FCBE e istanaeabyalyes; ep SHrd5 FompasengAs altre

sel ected conponent to the selected placenent apparatus and wites the
conponentcai@islesiad tiee s sbdententti mynes tdfe aoompooeartts .pl acenment t abl e
(step S166). The optim zation unit 203 then cal cul ates 15 the total

pl acenment tineTher ¢hepphacenmanmnbappaiat ds tiiai ich dhereenponeiie has been
assigned, and wites the total placenent tine to the conponent placenent

tabl e (stieRn$hiG%)ingNexte et P1zRtdPiNide 203 Ji8lURR L0 step S163 and
repeats the processing. 20 (4) Operations for tact table cal culati on The

fol lowing desciijecs ARCIAANS vheLeCERGU BHbeRi hBRel dftud Al frcidd use of

the flowmchart in FIG 18 . The operations tor tact table calcu TN

descri be I tails,of st 105 _and st 5110.i.n FIG 15. 5 The
opti i tza%e%%“:%ﬁ—?ﬁz‘%ﬁt_ 3??52%@30%@%5351@;?%? @3@? ngrgﬁeafs{g%imt e

appar at u e popfim zation uni sel ects a tact cal cul ation uni ste
sﬁ)gz ) ,%@&%ﬁ’%‘s,l‘P?Bﬁm‘i}}?eC%’%%‘?féwdF&Piﬂé}eﬂﬁéf 51 6BPBPRSPE WIMkE e, the E/

coordi nate value, the_angle 8, the XY speed, the canera, the nozzle, and

t he head speedTde arghecdripslicmtassshgnedgie fownesd hedmeen appiratis ( step
S183 ) , and outputs the obtained X coordinate values , Y coordinate val ues
, angl es aBq( a )i dpeads acecafmi@s compenkes, 1 gt htbet dyeeds dompdieent
conversion unit 10 corresponding to the selected tact calculation unit (

st epl ®184umberThe fcioie expprdichd €6 Nvet Stad tdnbé wIeR! b edd dlerate

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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coordi nate val ues, Y coordinate val ues, angles A XY speeds, caneras,

nozzl es, and head speeds, and outputs the converted data to the tact
calculation unit (step S185). 15 The selected tact cal culation unit
calculates a total placenent tinme based on all the X coordinate values, Y
coordi nate val ues, angles 8, XY speeds, caneras, nozzles, and head speeds
(step S186), and outputs the calculated total placenent tine to the
conversion unit (step 5187). 20 The conversion unit converts the total

pl acenent_tine step S188), and outputs the converted total placenent tine
to the optFRAZAt DN unit 203 (step S189). Next, the optinization unit 203
repeatedly perforns steps S190 to S193 for each conponent nane place on the
circuit board. B tRgE opeilaiiation umiit 208meal ddeatésivke hactaaecording
to the next expression. tact = ( conponent count of the type ) / ( total
conponentcabamtatibel gnéd trothhem acerentonpppaabtss)200 ( Eakal ppbasenent 5
time ) ( step S191 ) Next, the optim zation unit 203 overwites the area in

the tact dabbereepohienpbacersiiatidwe iaancasRandl 0gshe |
apparatus and conponent in the tact téblé, W th thgsggﬁggﬁggé%§€2%€ﬁ(step

5192) 5 1GHOp1RIIIORSpEEL LML CELPSA T, THE [OLLOWLRO dSscripes

operations for swap processing, wth use of i

ti : : ' ibed h det ai | f st S109 i
Ao 15, e ot B RS Re B Pt RS LLREEPLE' T iFrnE) Shrdefcrhe 86k acemont

table, a p| nt apparatys gx that _has the greatest total placenment tine
(step szf%f?ﬁggﬁéﬁP%“8&$ &gﬁﬂ ﬁéﬁ?gngﬁﬁpq& i GRéGULBtiRpe Yeibcrame
pl acenent, appar at us Px:éstep S212) , selects another placenent apparatus Py
( step SZ13 ‘@“e, RIrftf & Qe Q¥ TSP ABIRgBRe kn fara Nt hat is assigned to the
sel ected pl acenent 20 apparatus Py (step S214). Next, the optim zation unit
wites the conpéHé@neneinte avpagadushd ypenpardret> nanme Ny in pl ace of each
other in the conponent placenent table (step S215).
10 As shown in FIG. 7, the placement apparatus type table
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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1.5 Concl usion According to the technique disclosed in Japanese Lai d-open
55 Pat ent Application No) 10-209697, conponents are respectively assigned
to a plurality of placenent apparatuses using a placenent tact that is
either a reference placenent tact pre-set for each conponent, or is a

maxi mum pl acenent tact. Therefore, 5 there is a problemthat when the

pl acenment apparatuses actually place the conponents, the total placenent
times will not necessarily be even between placenent apparatuses. On the

ot her hand, as described, according to the f first enbodi nent, conponents
are respedtiamatigssi gmed a datted .10 pl acement appar at uses based on a tact
cal cul ated for all conponents assigned to each placenent appar atus.

Therefore, confacédpieth ¢heaguuesniti epalt teEbhngUeontbete PhocesRIY time
are likely to be nore even between pl acenent apparatuses when the pl acenent

appar at usestyged Al lopnplaaee it Be LBt i chi& Melifd cations As shown in
FIG 20 an assenbly systemthat is one nodification of the first enbodi nent

i s conposed, sifHd &idmpoh@nlthe 3% QN 1$ e jcyf%; 0%2 c%uﬁqum E’&ti on

apparatus 200b, a hi gh-speed pl acenent nachi ne nction

| t 20 i , I I | t i 126b d
gt ﬁg(ragf)poduct Waﬁ%%?gs (fg] %}%{d% #?ﬁé;l(rggto gr a%%&%%f‘?%%%ﬁ%"&ﬂggr at us

200b is osed, of di spl unit 201, an input unit 202, an optim zation
uni t 203%%5 s A £ a&ﬁW&%&%ﬁPﬂﬁh apparatus unit 204b, and an infornation
56 storage uniit 205. The hi gh-speed pl acenent nmachine 124b is conposed of

a hi gh- speed pl2CeReXimURi tafkalspbheesherbest ond cceesitobetines for
_hrg p p { ) p ) .
hi gh-speed, a conversion unit 206b, and a tact calculation unit 5 209b. The
mul ti fund@ignng areivbat camphhretl2Bboighcooppbeding thentdndameatt am
pl acenent unit that perforns nultifunctional
the circuit board, and is written to the tact table in advance.
10 The placement time is the amount of time required for one
task. A taskdenotes 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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pl aci ng of el ectronic conponents, a conversion unit 207b, and a tact

cal culation unit 210b. The nultifunction placenent machine 126b i s conposed
of a multifunction placenent unit that 10 performs nultifunction placing of
el ectroni c conponents, a conversion unit 208b, and a tact cal culation unit
211b. In this nodification, conpositional elenents having the sane

ref erence nunbers as those in the first enbodi nent have the sane structure
as the conpositional elenment in first 15 enbodi nent. The conversion units
206b, 207b, and 208h are identical in structure to the conversion units
206, 207, °°ARE RSNy O IQMEELENt . Furthernore, the tact

cal cul ation units 209b, 210b, and 211b are identical in structure to the
tact cal cul ati §@choPiare 2f9corponenind Zdensnt hicnformstt iembdgdiciertes The
transm ssion/reception unit 204b perforns transm ssion/reception between

t he opti M phatemenniapp20% tarsdnahe, Gotvessipdadanidnt206ke , helaveen dde:

optim zation unit 203 and the conversion unit 207b, and between the

opt i m zatdnen seti 10f2@3 ohpordid hgeC AMKERS AR detidn t2Q8he As described, in
this nodification the conversion unit 206 and the tact cal culation unit 209
of the optim zahion, aRRa% S ip.the firs j en e _been noved
to the 5 high-spSegﬂblacéﬂgﬁtaﬁggﬁéﬂgglgﬁ$k%ré9§¥$ﬁ£g€$o% Eﬁ%%*%%?ﬂhnd t he
tact cal ¢yl atis &sunit 210 have been noved to the nultifunction placenent
machi ne 1 %ﬁ nd the conversion unit 208 and the tact calculation unit 211
have been aneg to the multifungtign placenent machine 126. 10 Furt hernore,
the optimi zati ORCAPIRASRL RRYe JOCAGAT e BAPERER CaBRPRRREmL agedkt ep
S104 in &pe foliomjn manner. The optim zation apparatus may assign

el ect r oni’d THABOASRPENE ARAFF i uic bfent 1 hppaPat ke dlhyenenh@ Prefrartanc es

pl acement times, each of which indicates the tinme required for 15 one

pl acemrent?@§par at us to pl ace one conponent of one type conponent on the
circuit board. Furthernore, the optim zation apparatus may assign

el ect?oni ¢ conpaméhesmbyeysthg pE{@smnee time indicates the amount of

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
sets are arranged 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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pl acenent tinmes, each indicating the tinme required for one pl acenent
apparatus to performone task consisting of the series 20 of operations
from pi cking up through to placing one conponent of one type on the circuit
board. Furthernore, these nmethods may be conbined. Furthernore, the

optim zation apparatus may find placenent tinmes, each of which indicating
the tinme required for 58 one pl acenent apparatus to place all electronic
conponents of a type. Such placenent tinme are found by using reference

pl acenent,_.ti nes required for placing conponents on a circuit board, and a
tool (comg®&t program) that simulates operations 5 of placing equi pment
based on the conponent count of each type . The optim zation apparatus then
assi gns the el & eRtémésapoARM Bt RGhahsnatepeatedppapat fsrmstswaise of

t he found placenent tines. 2. Second Enbodi nent 10 The assenbly system 1 of
t he secomy carasedinmede s dratbedbasanansttratct tablokalbalagssenpnosyss ey 1 of
the f first enbodinment . The foll ow ng focuses on describing the points

that di f fdersdiriored he tagseablyssyabernlnahibbheoti £ she &M dMepLad, _
Structure of the optimzation apparatus 200 15 (1) Information 'storage unit

205 The itmfeowﬁtimrias;tig{na%ﬂenbb329§d§&9r@ﬁfehgimg%fﬁé {%@nl'fésie&”d a

component placement table. <Conponént “nane ['ist> The conponent™ nane |i st,

oo Show WTE Greetay? usRdpgl Lo nehude R R AL o eces

component S 147 REEE st BERheof FEREF oiig Lot e oond LhOmRARARS 1n & |

hei ght direCti%%éct table provisional calculation>
The optimization wunit 203 performs the following
10 processing, for each placement apparatus.
l)Theoptimizationunit203readstheplacementapparatus
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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The shape code is an identifier for specifying the shape of the conponent.
The conponent nanme, the XY speed, the nozzle, and the canera 5 are as
described earlier, and therefore are not descri bed here. <Conponent

pl acenent tabl e> The conponent placenent table, as shown in FIG 22,
includes an area for storing at |east one conponent nane for each pl acenent
apparatus. 10 The pl acenent apparatus nane and the conponent nane are the
sanme as described earlier, and therefore are not described here.

<Optim zation unit 203> The optim zation unit 203 rearranges the pieces of
15 conporidift Nasdocpunitororrerpaeding thetbonpbrrenemamrpdsttuntirascendi ng
order of conponent thickness. An exanple of the conponent nane |i st

r ear r angédid plasesrditngppadetusftypaporids, thidcknepatisstsdawmpohddG 21.
Next, the optim zation unit 203 assigns the conponents 20 to the pl acenent
appar at usesne Ashiegnaeithueftaanpahentémponthe @hace e appar ahH§eshd S as
described earlier, and therefore is not described here . An exanple of the

conponenth P66 IR J dbhPe SENGH @nad ByridSpoRiig %%tti}?é‘sé'i‘:btr‘téggﬁbaiét shown
in FIG. 22. 60 As shown in the figure, conponents identified by

conposent-NaES+#n d + B" are assigned to a placenent apparatus

identified by a placenent apparatus name "MSRL" , and conponents identified
by component namtes, ..C' "D “"E' and 'F' are.,assigned.to a placement 5
appar at us iden?ﬁ??@%h%gpglﬂﬁﬁé&ﬁ@ﬁﬂ“&%b55395§Eﬁ3ﬁ§’€W%ﬁéa9eNS B

optim zati on ni% 203 extracts all sets of previous process placenment
appar at u &?Qﬁ%ﬁ 865 PrCOgER hV ag dfefiompat s eit  and webe s t he
follomjnq:proces$in3 for each extracted set. Here, the previous process

| acenent-RFOT apphYad B acemend bine trdme apparfarustel ieg t emzmm of t he
p "
pl acenent apparatus, and the subsequent placenent apparatus is the
pl acenenttigspatrlauscdirespbyddovwestirteancofipohentpl aameerind placement

10 apparatus in the tact table.

FIG. 9 shows one example of 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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apparatus. 1) The optim zation unit 203 extracts, from anong the 15
conponents assigned to the previous process placenent apparatus, the | owest
XY speed Vmn. 2 ) The optim zation unit 203 extracts, for the conponents
assigned to the subsequent process placenent apparatus, all the speeds
greater than the XY speed Vmn. 20 3 ) The optim zation unit 203 repl aces
XY speed Vnmin the with the extracted XY speed. An exanple of the conponent
nane |list in which the XY speed has been replaced by the optim zation unit
203 is sho in FIG 23. 61 2.2 Qperations by the optim zation apparatus
200 The fooﬁMl‘]:&R}iPH&ea«%c%?%%a@pePévi%QlBQEfiHéY GpPREL2a8L8H HERawans 200,
with use of the flowhart in FIG 24. The optim zation unit 203 rearranges
t he pi ec&PRATSwonpddetnei plaeamenbrtines NdegefisonenTheapert s sthowm
ascendi ng order of conponent thickness (step S300), and assigns the
conponent! tlowhhte ghacertrtr sappaLat U9esndistate SBAG¢meTbe iRk Zatd 0N uni t
203 selects a set of a previous process placenent apparatus and a

subsequerdcquotiass ) atemeiovkd) Ger adds W RBsI3R2) - If all sets have
al ready been selected (step S303), the processing ends. If any sets remain

that bave not )@x@eﬁé%pﬁﬁﬁ%a(ti%rﬁnnﬁﬁp?dogttlne%hecg)gé- mgatd on unit 203

extracts, from anong the conponents assign o0 the previous proce

pl acement,appalat it .havi st, XY.speed. Vm n (step S304 ) ,
and extracts, f%g#fgﬁ%ﬁb [ﬁ%”gg¥5§% %angggﬁﬁﬂé aYSIFﬁéb§GB§E%ﬁ§H&“brocess
pl acenent,. appar-at us | 1. _speed higher than the XY speed Vmn (step S305),
The opti ntiogaa{)ipolnact?ﬁﬁnatz@?‘faﬁé—%%%pl aces the XY speed Vnin with the
extracted XY speed steQ.SSOG )., and returns 20 to step S302 to repeat
the processing.l2. BReoRPItdSiGR tAS I adn beer Odestetetets Sbeormliaremant he

assenbly system 1 of the second enbodi nent, the XY speed of conponents
assi gned @Pparatus having the lowest total placement time.

10 2)Theoptimizationunit203selectsaremainingcomponent
that is at the top of the tact table.
3)Theoptimizationunit203assignstheselectedcomponent
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 component
placement table.
FIG. 11 shows an example of the component placement table
20 in FIG. 10 to which 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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to the subsequent process placenent apparatus is set so as not & to
exceed the XY speed of conponents assigned to the previous process

pl acenent apparatus. Therefore, the conponents placed by the previous
process placenment 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 nay control using tact
information of the circuit board when the el ectronic conponents are pl aced.
10 3. Third Entdod negdtshpus assendnyle ydt the lcwipdimnt piladempshediamné has
the sanme structure as the assenbly system 1 of the first enbodi nent. The
fol | owi nglif 8&Gselsl ba wheisdr the g ttild zadiivinsu b fat odi hd £ F uk-tam-the; @ssgnbl y
system 1l of the first enbodi ment. 15 The hi gh-speed placenent nmachi ne 124,
as shown tie Re@t 25t I8 @Waamée@&% BPdcefeRt Widld tye L, RS

cassettes are provided aligned in parallel in the conponent

Each partsh&assethewaupal digsr u t f. 0 The conponent
feeder 301 noves in a left-T |Eg%1?@1r| rlglc%ﬂ?%n ?’%Qn%lc%%%%r gl\?\n RSN

mchi ne. 154 urt Kor el BRSTRePy af HRalc 3055mTnACFOLAI 8 hk 395 pf ok

machi ne 124 furt I ncl arotary
up a co t from. parts cassette, when in suction position, rotates a
hal f - tLJngégﬁi%ﬁs%? %41 PG W conponent in a placenent position on 63

the circuit board 303. As the rotary head 302 repeatedly picks up and
pl aces conponert’s - LRShYTHERTEaRER ofuthe simpsinerns ptadenant hmalrie cui t
board 303. 5 The characters "A" , "B" , "C' , etc . on the circuit board
303 i ndi ¢ Eempphénigatand unkid 203 loas £ dnithedaisrstuint noasontb 3t adi cat e
the order in which the conmponents are placed. 3.1 Structure of the
optim zati on apfacdt Us:12@0 calculation>
10 The optimization unit 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 apparatus, and outputs
the all obtained X coordinate values, Y coordinate values , angles
6, 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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(1) Information storage unit 205 10 The information storage unit 205 has a
novenent tact table . The novenent tact table, as shown in FIG 26, has an
area for storing a plurality of pieces sets of information, each set

consi sting of a conponent name, an XY novenment anount, a XY novenent tact,
a Z novenent anmount, a Z novenent tact, a return 15 tact, and a total
novenment tact. Each set corresponds to one of the conponents placed on the
circuit board. The conponent name is for identifying a conponent. The XY
novenent unt i ndi cates a di stance, when placing a conmponent, fromthe
position ere the previously placed 20 conmponent was placed to the
position where the current conponent is to be placed. The XY novenent tact
is the tine redui redlfoPPtHel Fafabion ainidy @ 08hea i staines tihedtsateds bygt he XY
novenent anmount. The Z novenent anount indicates a distance that the 64
conponenttiectsklowires éxprdwmsihn di recti on when a conponent to be placed
differs in type to the previously placed conponent, froma state in which
the parts cassetdcet=t halonpidpRintesoulte Brevhaushyepl ACELL£9 Lyiggin the
suction position of the 5 head, so that the parts cassette that supplies
the cBnmpar@idornéntte pkacgHelis d - 0S] 4] t tact
is the time required forgthe céﬁp%ﬁgn?ﬂgﬁtﬂg¥ﬁacéé&%i?%%%ﬁd?sggggggf
indicateqﬂnggﬂgn;1gp%§pent amount . The return tact indicates a distance,
when a conponent 10 that has been presently placed differs in type to the

conponent previ,Qu: | aced.. that the . conponent feeder noves in the Z
direction f rom@ ?tg{lg ‘?pntWﬁch}qut%uB&%3%:5%@5%%%%@%@&@@ dg the

presentlgxglaieg component is in the suction position of the head so that
the parts2CHs$8PLE Hhat QRssrRandsEopkbeimiadsners: ppased tosnpodetbeis in
the suction position. The total novenent tact is a tinme cal cul ated
accor di nFAPINRNF.olWigh ridreegarlansliadred ttatetl. novenent tact = { (XY novenent
tactl,((Z novenent tact)+(return tact)*2)}

0 FIG. 14 shows an example of the tact table obtained

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 optimization unit 203 selects, from the component
placement table, a placement apparatus Px that has the greatest
totalplacementtime,andselectsonecomponentnamelh(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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20 (2) Optimzation unit 203 The optim zation unit 203 rearranges the

pi eces of conponent information included in the conponent nane list into
ascendi ng order of placenent tact. Next, the optim zation unit 203 divides
t he conponent nanme |ist, in which the conponent 65 i nformati on has been
rearranged in ascending order of placenent tact, into a plurality of groups
of pieces of conponent information having the sanme placenent tinme. Each
group is assigned to a placenent apparatus. Here, the group with the 5
shortest placenent tine is assigned to the placenent apparatus closest to
the upstream erd) 1S3V eRHOTL RS A4 FURAA8 203 rearranges the conponent
information in each group in descending order of the conponent count. Next,
t he optimi zati dharfQnvars fdmdnit cdfporesraivRe L0 fidmsastod of tde Higae
position of the head, fromanong the first group of conponents assigned to

the upst razsnimios t pbracertentoappesed&ist s Nexd reldeq veRt i RiFa@hha@n oinikt 203
repeats the follow ng for each renmai ning conponent. 15 1) The optim zati on

unit 203 ade tthatess %n%ﬁtmuwnﬁhw@?acftr@mélbfacﬁfap%%né 209, forqall

ot her conponents. 2) The optim zation unit 203 cal cul at es ‘an” XY'novenent

tact 6rom RSy +ALlcQhHEL+ PR : T tim zation unit 203
cal cul at esd%z:itJ Z novenent anount %%aonﬁoéo)cf)o{rﬁ% %céct ﬁ%?cggﬁﬁéﬁgnlf%%t4 ) The
opti m zaty unit 203 calculates a Z novenent tact from RO for all other

conponents.” 5 ) The optimization unit 203 calculates a return tact from RO

for all other cr_pug[]q_t%nents. 66, 6 The optim zation unit 203 cal cul ates a
total novenent ‘CHFECTA | tT AERVESAPORSHE 286 E6FE8ILNG Stih fPrnd bl oowi ng

expressi%qu the tact calculation unit 209, converts the received
information to a type that is compatible 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 is stored in advance by the tact
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total novenent tact = Max { ( XY novenent tact ) , ( ( Z novenent 5
tact)+(return tact)*2)} 7) The optim zation unit 203 selects 'the | owest
total novenent tact from anong the novenent tacts. 8 ) The optim zation
unit 203 connects a path from R0 to the conponent Rl that corresponds to
the selected total novenent 10 tact. 9 ) The optim zation unit 203 sets the
conponent Rl as the conponent RO. Next, when a path that causes a loss in
tact exists, the 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 FeHGIREHONUDL D&%t 2BAL sHvhe Facdpley Miheapl ancnpphe@pera20G The
foll ow ng describes operations by the optim zation apparatus 200, with use
of the flc®watemPONdimgFitGs th2a7 tat2&al2® 18hd coptuiniitzattioan unit 203
rearranges the pieces of conponent information in the conponent nane |ist,

into ascendi ng 29r Gkvenoft il ageFenist acimi 5t 8ReS321pi cRSEHINS thige Rigces of
conponent information in the conponent nane list Into a plurality of groups

, ther eby-agreoupiti@nt 08 i€0NDINEAL SuhtBs I €5PESadndhe 67 %‘%ﬂ'%]:g;t
apparatuses (step S322), and, within eglch gﬁgu?o, rearran“bees?t e pieces of

conpoment:d Ry l]_%tlil%iin@t %x%qse%g?ginng order of component count (step S323).
Next, the optim zation unit 20 inds the conponent RO 5 closest to the

honme position qf from anong the co nents in the fjrst group
1 ] = :
(step S324). Tﬁ)eatggﬁie%%gg Ton ?ﬁﬂ“pﬁ’gﬁnf’h%?lung? %@é\ﬂ%{%r * ok 1 Py
conponents rkemai n, and when a conponent remains (step S325), calcul ates the
XY novemdAt¥amount from the conponent RO for all 10 of the other conponents
( step S326 ) , calculates the XY novenent tact from RO for all of the
ot her conponentl€T€:sttdle S3Ppraye bgarketat dd the Indbeehent awoundinfor om RO
for all of the other conponents (steps S328), calculates the Z novenent
tact frofPREFatgiona| | Fefthhemoraerticonpoagrds thskt £ t8329 )n adithce
cal cul ates
10 bythetactcalculationunit209,andistﬂmatactoftheplacement
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
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15 the return tact fromRO for all of the other conponents ( step S330).
Next, the optim zation unit 203 cal culates the total novenent tact for each
of the other conponents according to the foll owi ng expression. 20 total
novenent tact = Max { ( XY novenent tact ) , ( ( Z novenent tact)+(return
tact)*2)} (step S331) Next, the optim zation unit 203 selects the | owest
total novenent tact from anong the cal cul ated novenent tarts (step S332 ) ,
connects a path from RO to the conponent Rl corresponding 68 to the

sel ected total acerrent t act éstep S333). The optim zation unit 203 then
sets the corrpoﬁ‘g‘ﬁ[ Utsuppt ¢ Bﬁ%‘ﬁ%"?@ InRYEPS @ Dppnatiemdr@t urns to
step S325to repeat the processing. 5 The optim zation unit 203 judges
whet her d:rhend%s%y rdifhi & 9l *vnpohen8lediisplagsd nfermad icanai Mg
conponents exist ( step S325 ) , and when a path that is a cause of tact

| 0ss exi dtransstiss i883%F eceptdion desnihe pauh | vtenamptyr alidpbr@fatSldist ers
(step S336 ) , and reconnects the divided path so that the tact 7.0 is a

m ni num (opstian 28387y thEhempitn ARG PN HNET 2303 E@eehen% t&he%tpf gcessi ng.
When no path that is a cause of tact |oss exists (step S

opt i nb zataippa ratulse203 ends the processing. 3.3 Conclusion 15 As has been
descri bed, by determ ning the pl acement order of conponents based on a Z

novenent tact ang 68%@&% Bntsa%é gtllmgr% %%]n]a)léggglg%enent tact, large

noves in the Z direction can #526%he fol I ow ng
descri bes an aﬁ,g\gn‘g % %gstem as _a d| fication of the third enbodinment. FIG

29 and FI G Row ¥hRY, dearpt %oo%‘?rat”heOngPﬁlstﬁ@@Pﬁllae@@éﬁpmchi ne
124 as seen from underneath the rotary head. A rotary head RL0O1l is shown in
FIG 29 PRPA*8t45e<80 time 69

(1) Outline of overall operations by the optimization
10 apparatus 200

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 S101y.

Next, the optimizationunit 203 setsavaluelinavariable
i(stepSlO2),comparesthevariable.iwiththedesignatednumber
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 i
(step S106). The optimization unit 203 then returns to step
S103 and repeats the processing.

When the variable i is greater than the designated number
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t4. The rotary head R101 rotates in a clockw se direction on a point P11.
The rotary head R101 has eight nozzles N11, N12, N13 , N14 , N15, etc . At
the tine t4 , the nozzle N11 is positioned at a suction point Pl, and the
nozzle N15 is positioned at a 5 placenent point P2. The nozzle N14 picks up
a conmponent A ( conmponent nunber Al), the nozzle N13 picks up a conponent A
(component nunber A2 ) , and the nozzle N12 picks up a conmponent A (
conponent nunber A3 ) . At the time t4 , the nozzle N11 is about to pick up
a conponent 10 B (conponent nunber Bl). FIG 30 shows a rotary head R102 at
a time tPhftidres hetran H10das thet apedrd zhalibnt untit 203t detsi aeviBuet he

nozzle NIl is in the placenent position P2, and the nozzle N15 is in the
suction pbsirt ithve Paridblehe nozed esiNiA) | Sco’i:%ialﬁest enpl a8eiapneaMpogeph B (
conponent nunber Bl) on a circuit board. FIG. 31 is a tinme chart show ng

novenent e dee igorReACHImbLL e t {Met e FhERGHLY20Y E?apg%se%]n %he
d REPLIERAL

state of conponents that are picked up and conponents t are p d, with

the | apsa-2@0fkk [ : t t he conmponent feeder is positioned
so that the nozzl er%%arﬁtﬁg%s%%%}%rga%%?nx}%m(lzbaenr i%chI&%s gs&?ﬁf’pgigﬁt) 'AR®om t he
parts caqﬁggl .t hat suppli conponents A. At tl, the nozzle N14 picks up a
corrpo?]ent A J(ngloérf—ip%ln%rh%l%ﬂi ff%ﬁﬁggprﬂf)s.wﬁ ProcepranfoSteP R19 i ckrdup a
conmponent onponent nunber A2). At t3, the nozzle N12 picks up a
comonentcaﬁé%gﬁ’? gl eagster Si10ks texto the apieircbnpbhent
feeder noves so that the nozzle at the suction point can pick up a
conponent*™B ¥ 28 1 ndIparthetdwssertrot Hate duppl tast bespdaentssBd, Aindi ne T3

, the nozzle N11 picks up a conponent B ( conponent
whenthellnetacthasdecreased(stepSlll),endstheprocessing.

When the line tact is remains the same or has increased
10 (step S111), the optimization unit 203 adds a value 1 to the
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 1le. The operations for provisional 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.

Theoptimizationunit203Ieadsapdacementapparatusname
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10 nunber Bl). At tine t5, before which the rotary has rotated a half turn
fromtl, the nozzle nl4 places a conponent A (conponent nunber Al) on the
circuit board. Simlarly, at times t6 and t7, the nozzles place conponents
15 Aon the circuit board. At time t8, before which the rotary has rotated
a half turn fromt4, the nozzle N11 places a conponent B (conponent nunber
Bl) on the circuit board. As described, the Z novenent tact has a further
del ay equal 20 to the half turn of the rotary. Consequently, in the third
enbodi nent, when cal cul ating the Z novenent tact, the optimzation unit 203
may furt O‘%&g‘etﬂ%a?‘i“ﬁ%n?mﬁﬁu%tﬁﬁﬂt@}mlfh (cfterh818@0 ar ynd Wesris
calculating the total novenent tact, the optim zation unit 203 uses the Z
71 nov drfhtt ¥R tanchqredchalawds adwradpmdiorg achalife tread oflddwnaot ary .

4. Fourth Enbodi ment The assenbly system 1 of the fourth enbodi nent has the

same straHpAmEREE nheeasseohl yhe ystandenf apparhthisr syperbodi @efitep 5 The
follow ng focuses on describing the points that differ fromthe assenbly
system 1 gif3zhe first enbodi ment. The nultifunctional placenent machine
125, as shown in FIG 32, includes a conponent feeder tray 401. Conponents

of one type ar I Qe At I 401. On 0 type of
corrponen%/pi S sﬁqp()%lrtl ed fgg%aﬁ%ggfgggggﬂteﬁr]ggg%%%ﬁ e%e}ge?éfi gcc%fﬂ"glr?e]trﬁ@?/ A

conponent,, §: ( i ed ves agne. of a urality of component
f eeder truar{/lg?gggng gﬁ%??%%%%@ﬁ%.%% S & gaalﬁﬁ%me%aeaW%%W%mmﬁ whi ch
t he corrpq&g)nt%ggder tray nmoves is referred to as the z axis. 15 The

mul ti function PEESTRE TRCHiThBR i B8 qTFQspeesercrdmb Uop and Bl amed 402 i s
provided with a plurality of nozzles . Each nozzle, when in a suction
posi t i on,th5 ddctupad wdmsdmentuntitonhsdiee &l3donponent supply trays 401. The
mul tifunction placenent machine 125 further includes 20 a canera 403.
The optimization unit 203 then repeatedly performs steps
10 5135 to S145 for each component name to be placed on the circuit
board.
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 component 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 8137).
The conversion unit converts the received component name,
maximum tact, 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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After picking up a conponent, the head 402 noves across a photographic
range 404 of the canera 403, and then, in the placenent position, places

t he conponent on the circuit board 405. 72 As the rotary head 302
repeatedly picks up and places conponents, a plurality of conponents are
successively placed on the circuit board 303. The characters A, B, C, etc.
shown on the circuit board 5 405 indicate conponents. The arrows shown in
the drawi ng indicate the path along which the head 402 noves. 4.1 Structure
of the optimzation apparatus 200 (1) Information storage unit 205 The

i nf or mat i G s tCo&Ye afdion POS thastapchhpdhendndapretpits , tHo gerdmatiei | ist, a
plurality of task lists, a final placenent point |ist, a maxi nrum Z

coor di nat®nRaientanpasgk pakimbnstactndanpuireasneatiner,deypki Sind Hymponent
name |ist> The conponent nane list, as shown in one exanple in FIG. 15 33

, Stores cowlturtal itthe Gfe lzicared tefctC PMARARLL iRAR iH OfdRE] a3 gach of which
i ncl udes a conponent nanme, a conponent count, a nozzle, and other itens.

The conmponent maee bdeBbibhestAc€OMAANGALL e GRATRONED] SPUNL i ndi cates
how many of the conponent 20 are pl aée%‘é1 orFlt e g??@ui?g %‘éj?%?eﬁ'he fozzle is

an i dent iffi&lenddd AL t ngzzle. <Z axis list> The Z axis list,
as shownﬁicr?1 one exajfarrﬁp%E ggls%dlf%{pé&lg%e S PRGUESES S‘C%?Ig?im%rmgf“&ﬁ% a
pl ural i tyzo?Jp ie%q:eso%tz axi s information, each piece of Z axis

73
i nf or mat i on consi st g tof PP oARShaRE NP Brd teE2SL48D di #ad @ Ut S

corrponentt nane idfntiii s a conponent. The Z coordinate indicates a
posi ti on &F%ﬁ%ﬁﬁ %;% gigp@@enttlmetotheconvers1onunit(stepSl4l).

Next,theconversionunitconvertsthereceivedplacement
time (step S142), and outputs the converted placement time to

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 use of the flowchart in FIG. 17. The operations
forcomponentassignmentdescribedherearedetailsofstepSlO4
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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5 or atray in the conponent feeder that feeds the conmponent shown by the
correspondi ng conponent nane. <Task |ist> Each task list, as shown in one
exanple in FIG 37, has an area fox storing a task nunber and a plurality
of pieces of 10 task information. Here, a task denotes a series of
operations consisting of : the placenent head noving to the conponent
feeder, picking up a plurality of electronic conponents, and then noving at
a set speed across the photographic range of the recognition 15 canera; the
recognition canera photographing all the el ectronic conponents picked up by
t he pl acéderithehdddicemant kepsiratasend Wbadhpkhei ngmpbseptsriedvé ybeén

el ectronic conponents on the circuit board. Each pl acenent apparatus pl aces
conponentas Hrgredi roul wrihbasdeliy texedupl agemepk Ut Bhd try Shet@siSonaQr Each
task list includes pieces of placenent information equal in nunber to the
nozzl es qfladmmepitacesield hewsh sShee fask nunber is for identifying the task.
Each piece of task information includes a placenent order, a conponent

name, a ConMponNextNURBRS op @ % L i e |, 14 coordi nat e val ue,
a Z coordinate val ue, and ot her %?%ﬁlaa%h%ygljgl?gr?gnyh%?}aé Pn8PETRE a

posi t 5on ddh A HAVo QQ{ h opents. corresponding to the pl acenment
i nformation are acecﬁﬂ:inn t%enﬁggﬁ(?{]?%%g%% tocg@ﬁty ﬂgnjéh‘?&é]rﬂ'?m%%ta
conponent_ t o b | aced., The ¢ onent nunber identifies a conponent. The X
nmp appa %} S UR i
coor di nat® Rl U i S¥ Ebor i hat b (§ESPsS 1P 33 petnids Bhe PRARESE Bo@r di nat e
val ue and the Y coordinate value of the position in which the conponent is
pl aced on the difr @Yt TEFaHS4ng. CPRECEEREEr BPRavetvassikgnedi tat asy tOE
osition of the cassette or the tray, in the conponent feeder, that feeds
p ay, Il ! .
t he conpdténPlagemgat pppesatnsepairitst i(sttepl51%Re , f thalogd iacierent opoi nt
list, as shown in one exanple
unit 203 selects the placement apparatus having the shortest
10 totalplacementtime(stepSl64),selectsoneremainingcomponent
from the top of the tact table (step S165), assigns the selected
component to the selected placement apparatus and writes the
componentnameandtheplacementtimetxnthecomponentplacement
table (step 8166). 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 S167).
Next the optimization unit 203 returns to step S163 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

5105 and step S110 in FIG. 15.



in FIG 38, includes an area for storing a plurality of pieces of final

pl acenment point information, each piece of final placenent point

i nformation consisting of a task nunber and a final placenent point X
coordi nate val ue. 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 the f final conponent in the task is placed on the circuit board.
<Maxi mum Z coordi nate |list> 75 The maxi num Z coordinate |list, as shown in
one exanple in FIG 39, includes an area fox storing a plurality of pieces
of maxi mum Z cddtuPRAtBizAtPRaER bR, 2EhaRDSREEes DEPHESE §lumozZSaodr Bonat e

i nformati on consisting of a task nunber and a maxi num5 Z coordi nate val ue.
The task SRfberlacrment japparatask. The maxi num Z coordi nate val ue indicates
the greatest Z coordinate val ue anong the Z coordi nate val ues i ndicating

the position ofTte ops$eitetbonartitagoBnedhetcoapanentaf eadar 1 okOysiask pair
| ist> The task pair list, as shown in one exanple in FIG 40, includes a

plurality sfempsesey, dbtaisls ,PAtdmitHOESREHRENt €31 Of £ Y CAL a
variable a, a fornmer task nunberma.nd a att%r tasﬁ ndﬁggf&x%gﬁ#ﬁ%€€ariable

R o L T

former task nunber identifies a task per ore-a

|atter t i t.ifie e .tas erfornmed 20 subsequent to the
f or mer tasE. <E|g@%&%ﬁﬁlg?dEii%5$H§*¥£égsﬁgéﬁﬁgﬁ?hSPH@Pnﬁ asgEIRdwn i n
one exanqu Ln FIG 41, is a data table that stores information indicating

the orderq h @R AT EENEBPRT 2K48 (S&§P §883)  and outputs the obtainead

X coordinate values, Y coordinate values, angles 6, XY speeds,
cameras, nozzles, and head speeds to the conversion unit

10 correspondingtotheselectedtactcalculationunit(step5184).

The corresponding conversion unit converts all the X
coordinate values, Y coordinate values, angles B, 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 S187).

20 Theconversionunitconvertsthetotalplacementtime(step
S188), and outputs the converted total placement time to the
optimization unit 203 (step 5189).

Next, the optimization unit 203 repeatedly performs steps

5190 to 5193 for each component name place on the circuit board.
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The pl acenent order list includes an area for storing a plurality of pieces
of placenent order information, each of which consists of a placenent 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 nanme information in the conponent nane
list stored 10 in the information storage unit 205, into descendi ng order
of conponent count. The conponent nane |ist rearranged in descendi ng order
of conponent cdihét opsimhpabipon WA BB didxulatkees oheitacatddordiidg 203
cal cul ates an average X coordi nate value Xm and an average Y coordi nate

val ue Ymtan tthee riéxtciexqtids diear.d for each conponent nane indicated in the
stored conponent nane |ist, using the follow ng expressions. <Expressions>

Xm = {XO + X1 tact =+(XBhpOndAt <dE okt type?¥ yn%%&%%gc%%{p(;%nne{}hte

i ndi cates how many of the specific conponent are’to

circuit Reand aE 4 h9ﬁ§ ' cirecuit board 421 . FIG
34 shows, ir{pcaag’g?gnieﬁ ﬁi c ngt??gegro@f{pto\éé \tgggifthl i)c!'ét é%o%?ftpﬂea%ed"rfﬁbtnent

name ar. aced on the ci i\t board 421, positions 77 431 to 434 of

t he c?ﬁpéﬁ%ﬁ%g placedsggptﬁéggﬂrcuit board, and a position 422 indicated by
an X coordinate value Xmand a Y coordinate value Ym cal cul ated using the
af or ement i oned 'eggﬁoﬁgtlﬂé%?Flpéruéé§h2g%ﬂﬁ6ﬁ€%¥lt¢ﬁt¢hﬁcﬂnkﬂ:what t he
5 conponent name information is stored in the conponent name |ist, and
assuni ng Mfattade edmgonkex thetbplpeepkatetiiinn aoposispoadingditeatest by t he
cal cul ated X coordinate value Xm and Y coordinate value Ym the

opt i ni zaPl@Fansint 2p8adetesnanéscomeoecioadrdithat eaval uebdé, twier Paties
cassette or tray in the conponent feeder, 10 so that novenent in the Z

di recti orailrudraded ttach qlstep Si@20anmponent is as little as possible. Next,
the optim zation unit

10 (5) Operations for swap processing
The following describes operations for swap processing,
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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203 wites the determined Z coordinate value to the Z axis list, in
correspondence with the conponent indicating the conponent. FIG 35 shows
an exanple of a Z axis list generated in this way. 15 As described, the
optim zation unit 203 determ nes the Z coordinate value for each conponent
in the order in which the conponent nane information is stored in the
conponent nane list, and therefore the Z coordinate value is set such that
the greater the conponent count of the type, the | ess novenment by the
conponent, 20 feeder .in the Z axjs direction. Next, the optimzation unit
203 gener’® %%n%%&pdwlglaitﬁ?nopogrjo(ﬁ"p%d e EPMREGISRG St RBE RRRATERLY elyre
information jncluded in the conponent nanme |ist, according to the nozzle or
t ool incl3HEER5 t he Conpbrentikanefi mlearmedn apPatatudés sheumat he 78
conponent nane list in which the conponent nane information has been

rear r angeRilaeenentstaay. thagr és addmsone e frearm den ba caté wn thbatpidcd agles
nozzle "S" forms group 1, conponent nane information that includes nozzle
"M for nsfer eaph2compohennporens sSmaateun ladeaddmnthhat i1 resrL0zz1 e
"L" forms group 3. Next, the optimzation unit 203 generates a plurality of

task bi stishdwe det£pironileg tRsK Wa%s SREYa JfeR26RpaAPARER
conponent table. An exanple of a generat éad taesk I?gt IS g%cg)\/\%dtf'hnatlgiﬁ}é 37.

10 Next, JNeOpthdl 2ahigheftd, 205 debenm nes, aufith [Ph.gagh nozzle. or

for each cassette/tray, according to return optim zation.

opti m zatj ; i b | aw.  Next.,_ the optim zation unit 203 finds,
for each dg%;éu%rﬁaerl eﬁzq#oieﬁ?ergﬁbe\c/\l—ﬁec%t HPBUD- HRPHR THRAS qui ckl y pl aced on
the circuit bo%rd and _connects the cassette path and the tray path.

<Oper ations for &t 85%8%??1’& i A AESETIITS t SO GARIopei B dt i XA The
foll ow ng descri bes operations by the optim zation 20 unit 203 for path

det er ni nA IR RErdi FETPETESLSr N2 BPt iTRIRASG oF e he agstiigmedat ton wet 203,
for each task, extracts the X coordinate value fromthe task information
that 1Ps Iplfcement apparatuses based on a tact calculated for all

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, a multifunction 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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the placenent order in the task |ist corresponding to the task, generates
final placenent point information consisting of the 79 t ask nunber
identifying the task and the extracted X coordi nate value, and wites the
generated final placenent point information to the final placenent point
list. Next, the optim zation unit 203 rearranges the final 5 placenent
point information in the final placenent point list, so as to be in
descendi ng order of. x coordinate value of the final placenent point, and
overwites the fornmer final placenment point list with the final placenent
poi nt i st-9AR95hitH% inal placement point information has been
rearranged. An exanple 10 of the final placenment point [ist is shown in
FIG 38. Next, e hdsti-miresd odageinen20®achineeadhbt askeorfiposksdtde graxi mum
Z coordinate value in the task list corresponding to the task, and wites
t he maxi rhiralZ sgemdiphatemeatuen comhases) afe s ke dastomunbenpbdentisfyi ng the
task and found maxi num Z 15 coordi nate val ue, to the nmaxi mum Z coordi nate
list. Theuinprisneed, acesthand fod st ti 50 QeNamat 8d4dt LAl suYaYioF (G389 shows
an exanpl e of the maxinum Z coordinate list . The optim zation unit 203
t hen Bearyoanges ThBem@BXi FEM¥; IRA;SE, ] AL in_t X1 Z
coordinate list, so as to beg%ﬁﬁggg%endiﬁgmégggﬁgégﬂ¥%qﬁa??ﬂﬁ%?ﬁaqy%
coor di natse r i.tes xiygum Z coordinate list wth the
naxinun1f'gg%? FH§¥%1%?gpﬁ?§e&%ﬁgﬁﬁ?gg %%%Fiﬁﬁﬁ O{Qﬁnqﬂﬁ%ﬁ NGt i on has
been arr . t, . .the optimzation unit 203 repeatedly executes the
fol | ow ngﬂ%(recg@é;'s\lg)i)%nslﬁﬁ?rgg?ﬁc?cé‘?ﬁecﬁﬁ‘?%bs’t r?ec\?élf’ieéﬁll@naug%/*ér%@?‘n}gr gnd from
1, until tgﬁivariagée a reaches a value equal to the task nunmber. 1 ) The
opti m zath orf Tni $25931akiqn HeitadkOpdenfhei Wl funetisok pladmeentncl uded
in the final placement point information 5 that is the a-th in the final
pl acemenfiasdiime 28k imsompesedrofer makki funthionflladeasintpantt hat The
optim zation unit 203 sets the task identified by

performs multifunction placing of electronic components, a

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 calculation units 209b,
210b,and2llbareidenticalinstructuretothetactcalculation

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

The transmission/reception unit 204Db 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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t he task nunmber included in the maxi num Z coordinate information that is
the a-th in the maxi num Z coordinate list, as the latter 10 task in the
a-th task pair. 3) The optim zation unit 203 generates task pair
information consisting of the variable a, the former task nunber that
identifies the forner task, and the latter task nunber that identifies the
| atter task, and wites the generated task pair 15 information to the task
pair list. Next, the optimzation unit 203 extracts, fromeach task |ist,

t he piece qi task infornmation that is last in the placenent order, and then
extract s,24F drh HOPYF2Q Wit RQUHes of extracted task information, the
pi ece of task information that 20 has the greatest X coordi nate val ue. The
optim zation urft® PO EPEGndnt hbipowptidncationnthdecphacesboh wnder to
the task identified by the task nunber in the task list in the extracted
pi eces of2Q@skndntbenstaictn,cajendrattiem taske opder oifnfrdiamedp o £oRsi Shi ng of
the task nunber and the position "1" ( and wites 81 t he generated

pl acementagsaiert i 2oTatd et @11Be BhBCATRBLORESE hish nd6Xh: tbNehe
optim zation unit 203 repeatedly executes the follow ng processing while

i ncr eH'entHi%-th?eé@rﬂl_aa@e _e%tbﬁag:h?ngt ol n@hé rc%ry\f%rs.ull%téli Lna|1:|rT12§ZtS%<%%h3x:§t

been assigned a position in the placenent order. opti

203 find . that. i ifies the ta havi ng a position a in
the pl acztr#sér‘lltea%? lérl?“gdl rgr:ho K& g@;h@me%&ed’er?mﬁ‘il?‘? t%@’"?%)t OptPHi zati on
unit 203 f,inds., fromthe t list, the task pair information that includes
the for mrr ¥SEIEHuMBE lflﬁeﬁf%f Gt R IvreRT IameR 1t 28 paidrEhet BBRE bei ng
t he task iqggtified by the found task nunber. 3 ) The optim zation unit 203
finds thEAAHATIRKIRLHDLL 1BapeohRasR Foved taskhsainultifinetion. 4 )

The optim_zation unit 203 judges, using the placenent order list, whether
or not aRJSSIamedt impglideet@®t. order has been assigned to the latter task
identified by the found latter
10 Furthermore, the optimization apparatus may perform the
component assignment at 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 components by using reference
placement times, each indicating the time required for one
placement apparatus to perform one 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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task nunber. 20 5 ) -1 If a position in the placenent order has been
assigned, the optim zation unit 203 judges whether there are any unassi gned
tasks to which a position in the placenment order has not been assigned, and
i f any such unassigned tasks exist, assigns the position "a+1" to the
remai ni ng unassi gned task having the 82 greatest final placenent X
coordinate. 5 ) -2 If a position in the placenent order has not been
assigned, the optim zation unit 203 assigns the position "a+l1l" to the
| atter task. ﬁ Next, the optim zatiaon unit 203 cal cul ates the novenent
amount  of 1@ REEREPS ?HEaEGFPEVJW\gP]\W for @hRAT¥aBEC FPrmpouents af pl anar
view showi ng the positional relationship between the circuit board 451 and
t he head %49YP¢n FPeh4plaperents t44® af, feund bye usriowi ded erertdee head
441. 10 The nozzl es are separated from each other by an offset 450. Here it
i s assungdadementhd imeszregud48d 444 piovidedcanpdhenbeadh 44k imspect i vel y
pi ck up conponents N1 and N2, and place the conponents on placenent points
452 and 4Hrdienad asewl pgohpateteredait nakess ohul Beepl Grarnmntofoi nt's
452 and 453 are 15 (100, 200) and (200, 200), respectively, the novenent
anouns ~)é)1‘13[:>lac@ﬁ§té’c?\llpﬁﬂéﬁl§ pA42d0bn e EBﬁ?thnE%%‘xg'd’f‘aﬁgb@r{: And the

e I°r

novenment anmount oY a central point 442 of the he Int ection

are, respafdi Wpltimi %t&%h'o rétuP h&ﬁg } ggfbgszdgpgc%%%pH: oLnt of N2

- X coordi nate 20 of placene p0|n Se £80 nY =
Y coordi Ia ement int of N2 - Y coordi,nate of placenment p0|nt N1
L 500 < Bl s e S R Y Atia it A G D S G e

novenent anount of the center point of the head taking the offset 83 into
account . emaite tdSShi zati on unit 203 calcul ates a total Pl of

2. Second Embodiment
10 The assembly system 1 of the second embodiment 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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t he head novenent anount of all tasks. Next, the optimzation unit 203 sets
the value of a variable 5 task2 to 1, sets a variable task2 to (variable
task2 + 1), cal cul ates a novenent anmount of the head for each task, and

cal cul ates a total novenent amount ol ength of the head for all tasks. Next,
the optim zation unit 203 swaps the placenent order 10 of taskl and task2,
cal cul ates the head novenent anount for each task, and cal cul ates a total
novenent amount nlength of the head for all tasks. Next, the optimzation
unit 203 conpares the total olength with the total nlength, and when the
total ol EfJi#PHNequnld thelightordigiaatian t han the total nlength, enploys the
swi tched placenent order. Wen the total olength is | ess than the total

nl ength, the opthershapeorodaiis 2031idept bfset hitowsipgicndly ihgnt swi d1etiee)

pl acenent order. Next, the optim zation unit 203 adds 1 to the value of 20
task2, canpartes dagdchesitth the task count, and if task2 is equal to or |ess
than the task count, repeats the described processing. Wen task2 is

greater than {hed askpoouit nahBe WRIAYLERLROR NS, 203, addtpl dgdhe val ue
an en

of task2, conpares task2 with the task count, askZ i s egual to or

| ess thamddgst@skoBhe %Q'fﬂ&err,e%)rﬁcgtt%e%%o %sgrie ed Egg{%%%?ﬁag{ﬁ Wen task2

is greater than the task count ) optimza Fon uni Htes the
head novenent t for e,P@Ch ta t.he swapped pl acenent order, and

sk in.th
oG\ rﬁcegleaﬁoww of the head in all tasks. Next,

cal cul ates the tot nmove
the optimzatiQn unit 203 conpares P2 with P1, and when P2 is l|ess than P1,
substitutes Plomet FIRPONERE r BhRGEECRhe taRdEri ) PrOERSENNGICWNER P2 i s
greater than or equal to P1, the optim zation 10 unit 203 ends the
processi igclNdesoser aregnd oby sthsiogt fli kaasbnongpeemppase 2Ok fat | owi ng
descri bes operations by the optim zation apparatus 200.

each placement apparatus.

10 The placement apparatus name and the component name are
the same as described earlier, and therefore are not described
here.

<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 rearranged in ascending order of component
thickness is shown in FIG. 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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(1) Qutline of operations by the optimzation unit 203 15 The fol |l owi ng
descri bes an outline of operations by the optim zation unit 203, with use
of the flowhart shown in FIG 43. The optim zation unit 203 rearranges the
pi eces of component nane information included in the conponent list, so 20
as to be in descending order of conponent count (step S401), cal cul ates,
for each conponent, the average value on the circuit board (step S402),
determ nes Z based on the average val ue cal cul ated for each conmponent, and
generates the i .St tep _S403 rearragnges_t he pieces of
conponent naneéfﬁggéﬁgfﬁﬁ%ﬁ%glggfﬁ’t R POreh eﬂﬁhélﬁﬂgﬂf“HEB%?@Pﬁg to
nozzle ( or tOQ%”) . Lhereby generating a plurality of groups ( step S404 )
. assi gn<"H" ate Bofhe 286 1986 tud Rl agrAegémanarad us taektiFfsed(st ep
S405). Next, the optimzation unit 203 determ nes, for each nozzle 5 or for
each casddt ee?t3esMent grPh rasesreAmg “MSRL&L vamd componeat-soiddn st 6pe8406 )
finds, for each group, a point to which the group can be nost quickly

pl aced orPY pempprent namesr”(, W'ep BAARJ) E” andacsngrel sotdsl £assehte path
and the tray path ( step S408). 10 (2) Path determ ning operations

accor 8i npmaratuy ndnit it ved iwp ahel dedhave ngpsiesor i das. pat hyghes er m nat i on
operations according to return optimzation, with use of the flowharts in

FIG 44 to Fl Gued:, 1endhepophi A E8sH OBn Rl H0303,iads o he X caor dipate of

the final placenent point of each task and generates a final placenent

poi nt | i Yrdisit ol ' |_acenent point list, so as to
be in deg:rer?;('fl'lidr::ig:;é ?ﬁé}asgf ﬁ%é%@?@?nﬁgéﬁé%gﬁsf ?‘e&\lﬁag RHRCHBRI mum z
coordi na nent type for 20 each fask apd generates a maxi mum Z
coor di na&g'a\(glesr%‘g]’(%sgégggagﬁfe? ’ fﬁ’cﬁ; F%ﬁ??ﬁﬁ%&? %ﬂifﬁ‘éh%‘? eFeRELNIEPY

coordi nate li st ﬁ?agfﬁéoébe i n _descendi ng order of maxi num Z coordi nate (

step S42£83°" R Blti-ni 28%%n Bt PPEY10EEs RUecessr iRk @emend " 1" (

step 3425 ) ( sets the a-th task in the final placenent point
1 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 componentsassignedtothepreviousprocessplacementapparatus,
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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86 list as the former task in the a-th task pair ( step S426 ) , sets the
a-th task in the maxi num Z coordinate list as the latter task in the a-th
task pair ( step S427 ) , adds "1" to the variable a (step $S428 ) |,
conpares the variable a with the task count, and 5 if the variable a is
equal to or less than the task count ( step S429), returns to step S426 and
repeats the processing. Wien the variable a is greater than the task count
( step S429), the optim zation unit 203 assigns the position "1" in the
task order to the task having the greatest final placement 10 point X
coordinate (step SARALANORS Whe lgptops et datriamiap20Ritest 20he val ue of
the variable a to "1" (step $431), finds the task that is a-th in the

pl acement or derThe ﬁdielqwiargedelst:rdm@e;r opiestt(8hepbP4SRe ot NESzaf {emM t he
task list, the pair in which the found task is 15 the forner task ( step

S433 ) , dppuisatine 2¢d t esitlasksdfot hend opnshdaiFe (St aprd434), and j udges
whet her or not a position in the placenent order has been assigned to the

latter task, usimg bpeiRkiageisAt Lyderobis i position
in the placenent ordgr has been all locat ed %segaer%ta ??Séh%t eleézp §ati on

unit BO3 there are _an ssi.gned tasks_to which a
pOSi tlgon Cl?cgnlt he p éﬁ%ﬁ?&éggem#%éﬁg pﬁélgﬁ%a%as ?f g’aﬁa 33cenyirdich

t asks exi t 437 assi,gns a 05|t| on "a+1" in the pl acenent order
to the recfrrtale(nllsncggt agf?pﬁéﬂlﬁ ﬁ"‘r}g’k&e@a%)e%ﬁ %R n2POP) acerEn@Ssdigns Xthe

coordi nat e { 38(—:’")& adds "1" to the 87 variable a ( step S 439 ) ,
and then ¥ I}‘?Slh-t SPIACENEY e RRRAT 3 HS G oot 01 Y. the | atter

task has not been assigned a placement order ( step S436 ) , the

opti ni zati on urfite M iaigagion hmigo2a3 welentl' & dat tde d gtevidask (
step $S440 ) , adds "1" to the variable a ( step S439 ) , and then returns
to step $IITeariplepentstidpratoessindda dubddifict tapeofB8sHESh&ME: t asks
(step S437), the optim zation unit 203 cal cul ates the head novenent am)unt

for Bach amgsiratut eptsp4d302) . calrcuhat 8sta H&I@'al%éﬁ ”BM&H%&@@P 10 P1
of all tasks ( step S442 ) , sets the variable taskl fo "1" step 43),

sets the (sfdliI3pskdd pldrsddirly diep S444), calcul ates the head
novenent anount for each task ( step S445 ) , calculates the total head

movenent anmounty 0LaRosbr Ofr ikl 4 25k 7§aa§é ot ;éte%’esnh%%ggﬁ%%‘é né%a“d task2

in the placenent order ( step 15 54 tSRinount
for each and cal.cul.gtes a head total novenent anount

nl engt h Tst ?113% asks ?%tnezaghﬂ@) ﬂ]%x 286% heX O ¢ F zaf Fom G R0t onpar es
the total_ ol en ”]hs with the tot nlength, and if the total olenght is
greater tivam a?%‘t%’l’e‘?‘n]:8rlrg'ﬂ¥”(%‘f3éﬁ“5259§es%Eélaé’?ﬁleﬁlﬁ@mmp@@@s

pl a ordﬁ %ste S452 . If the total olength is | ess than the total
nl e (‘L' ¥5H éOUﬁﬁltﬂ%@tHetﬂﬁ Upie 0OeRES0dYs ahé eortixiatd,

pl acerrent or der steg S451). Next, the optimzation unit 203 adds "1" to
t ask?2 (sﬁéﬁm 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 S302 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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88 S453 ) , conpares task2 with the task count, and if task2 is equal to
or less than the task count ( step S454 ) , returns to step $445 and
repeats the processing. If task2 is greater than the task count ( step S454
) , the 5 optim zation unit 203 adds "1" to task2 (step S455 ) , conpoares
task2 and the task count, and when task2 is |less than or equal to the task
count (step $S456 ) , returns to step S444 and repeats the processing. |If
taskl is greater than the task count ( step S456 ) , the 10 optim zation
uni t ZOBT&QIcuIatei thg head povenent anount for each task in the swapped
task pl acemSArS6aaEPe (XL ipeegf Fomponents agrageedt ke Headnotiausovenent
anount P2 of all tasks ( step $S458). Next, the optim zation unit 203

conpar es BBPSHRF PhacgpRgnt spHamtyss | 8herefiane Plthe somposdsts)placed
substitutes P1 with P2 ( step S460), and returns to step S443 and repeats

t he procddsitig prevRRuiss pequakst placegerat eppshabuPlad SiEp rRARS)srdme
optinization unit 203 ends the processing. 4.3 Conclusion 20 In this way,

accor di ng:-ted 1t pree dots thi £80PdsTRALN s PBED £3Ae B8 et 8L &quﬁf;%ec?aﬁ}rﬁ eve

opti mum XY novenent tasks taking nozzle replacenent and t

accoust . dufitg ildp149i SR AR 1853 &é’éuﬁggggéﬁggrfgﬁg’%s%}ﬁ&tﬁge%%t‘g‘;:gpf‘e

conventional technique iS5 used. Furthernore,
of the p@&ﬂﬁugg&sphe tasks according to the fourth enbodi nent . Conpari ng
these figures , It can be seen that | ess crossover between paths is evident

according to t resent .i nyentj on. Note that the optimzation unit may
determine the g%ggtﬁﬁﬁtf&Psﬁﬁ@dc gé&?@edf q#a%% TSV S0 te diPenetth o eeder
for each cgonpanent, in the follow ng manner. The optim zation unit may
calculatgp gngtgggsgpp@rzfps may control using tact information of

the circuit board when the electronic components are placed.
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.
Thefollowingfocusesondescribingthepointsthatdiffer
from 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.
Each 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 2 direction.
The high-speed placement machine 124 further includes a
rotary head 302. The rotary head 302 picks up a component from
onepartscassette,wheninsuctionposition,rotatesahalf-turn,

and places the picked up component in a placement position on
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a total novenent path novenent tinme fromZl to all conponents 10 of the
conponent nane A total path novenent tine of Z1 = E ( speed * distance i )
Here, the speed is the novenent speed of the head, and the distance i is
the distance fromthe cassette Z1 of the conponent feeder to a conponent i
of the conmponent nanme A. 15 The optim zation unit calculates the total path
novenment tinme for all cassettes (or trays) in the same way. Next, the

optim zation unit selects the | owest of the calculated total path novenent
tinmes , d uses the cassette ( or tray) corresponding to the sel ected
total patthoverfehtt RRaihe’®d conponent of the conponent name A. The

optim zation unit determ nes the cassette ( or tray ) for other conponents
in the same wayS IFhen nodewet theqdriQa ayppdatatleqaksmnne diftrponees t he
optim zation unit selects a cassette (or tray) in descending 90 order of
conponentCPRMANENtS: , Fhé thnBobeditsente stheccassierdll ypsyséebntrefc i, fifth
enbodi nent has the sanme structure as the assenbly system 1 of the first
enbodi nericard T3 fol | owi ng focuses on describing the points that differ
fromthe assenbly system 1 of the first enbodi nent. The opti m zation

appar 8tus 200 afhe bafrhllile grbgdi mepi V\Ctr'k,se n t %5% RRUAPLLEN tbhoatrcg
circuit board plane is conposed of a plurality of conponen ptfane s shown
FIG 51, : i i.s far f a_different type, of component, and
rearr ange?%tC Eﬁ%ﬁkgﬁ%ﬁﬁgﬁn}%@/ngglfieﬁhen%grgﬁs opti 'ﬁ}é‘% PRt tardach
conponent e,. and term nes the order for placing the conponents on the
circuit b300§r g‘rhbdylcgaencﬁae?1t TR pdt A ATt R iffRO RS & G idcest anes. 15
5.1 Structure %f thetI optin zation apparatus 200 The foll owi ng describes the
structure of tHhe oIS R apis ARHdMiGRticn apnanatas i260 unit 203

<Conponent pl ane generation>
(1) Information storage unit 205

10 Theinformationstorageunit205hasanmvementtacttable.
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.
TheXYnmwementamountindicates51distance,whenplacing
a component, from the position where the previously placed
20 componentwasplacadtothepositionwherethecurrentcomponent
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 Z movement amount indicates a distance that the
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20 The optim zation unit 203 rearranges the pieces of conponent nane
information in the conponent nane |ist based on XY speed and conponent
count, so as to be in descending order of XY speed and descendi ng order of
conponent count . Here, the conponent name list is that shown in FIG. 21
with the addition 91 of a conponent count in each piece of conponent nane
information, that indicates how many of the conponents indicated by the
conponent nane in the piece of conponent nane information are to be placed
on the circuit board. Next, the optimzation unit 5 203 wites the

r ear r ang&PTRANIHe FEaFe MOREST Hatilen & ixqsitimn When, a Themponpohehd name
list generated in this way forns a plurality of groups. Each group includes
conponentben@hadedf difdeirsninhatpe ol twdesprbeisasey XYl @e€ hoghshéhe, gr oups
are 10 arranged in descendi ng order of XY speed. Furthernore, the pieces of

conponentfmamen i stotevihowhidhedhl PaotR @ sAt_NGSGH s fgsiIcendi pge or der
of total component count. Next, the optimzation unit 203 generates each

conponentprkdy e, tf)ﬂafde‘%iabbﬂgoﬁéﬁh phegf e CORRIRENDOBENEORNLE FAL] on as

bei ng equival ent to a conponent plane. The conponent anes generated in

this vay iR SRV Ha? E?% E%g@gaghgsgééﬁngﬂakn %Pr%%%déégﬁggﬁﬂg%éghe

51, conponent planes 51 correspon

pi eces of. LYW nf ormat.i.on udln t he, conponent names A, B, etc
Component plangﬁ%gﬁfi]§if' &H“Bf%l ﬁfEﬁﬁﬂoup SP1, and conponents
514, 515, etc. q%yon to a grouE SP2 . SPl and SP2 indicate respective XY
speeds, and t he “RyZ ISyt &p3tils ghediiste rranirpdtf of thpxomporenh 92

of the groups, the conponent planes are arranged in descending order of
conponentf €66 Rt todwvp dhend i ptanee rigutircaiysibyt the 2 movement amount .

The return tact indicates a distance, when a component
10 that has been presently placed differs in type to the component
previously placed, that the component feeder moves in the 7
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, the optimization unit

203 divides the component name list, in which the component
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The optim zation unit 203, as shown in FIG 52, selects 5 one original
conponent plane 521. Here, it is supposed that conponents identified by the
conponent nane A are to be placed in positions 53l to 535 on the original
conponent plane 521. The optim zation unit 203 sel ects a next conponent

pl ane from anong renai ni ng conponent planes. It is supposed that 10
conponents identified by the conponent nane B are placed in positions 541
to 544 on the next conponent plane. In the original conponent plane 52|,
the optim zation unit 203 sets square-shaped areas 551 to 555 respectively
for the pdsieiwHsieBhasdEssrenhzangrtein akceadhngqrder sifapedcaneat 551 15
to 555 being the respective position 531 to 535, and each side of each area
55| to 55&dei ngndol engphufdl ityerss, gZoipsi ot 65iddes MorenEfhpsRRLt of

t he conponent feeder froma conponent placed on the original conponent

pl ane 521in fo@EnLOIRo NesK i i 2ERE @ambhgla%&ne%m&%ﬂt Fﬁfa e. I%qggi{' cal 'y,
~Z is 1 second in 20 terns of tine and 15 mmin terns o i stance. xt,

t he opti rAgatd oy WH t A dedges r or an f the posjtions 541 to
544 are in tﬁ% area f%%@ aﬁd C§Uﬁ¥@%%%%uﬁéy ggg?hey%%s?{?%%éwﬁﬁ tRe544 are

in the arga A5l .way, the.optim zation unit 203 counts the how
nany gosis'??)ons Q%kﬁa;g%ﬁ‘eggn%iﬁm@élrseaﬁﬁlgggﬁ ot %Pé?sﬁ@egﬁﬁﬁws%sus The

opti m zat{,on unit Zgg totals the counted nunber of positions, calculates a
total nunber Fon&PEatRETFORN AR x| Nextekhe eRAdMAAREEON)UREDIREhe

original conponent plane to the next conponent plane, and 5 wites the

cal cul at éfc?a%aé}gee‘%d?{leé’&ﬁ‘@P&&Péslrtfﬁlaﬁﬁ%ﬂr@aiDmeC@IweB|:ionit$¢smcarn@xi st
candidate list. In the nmanner descri bed above, the optim zation unit 203
sets eaclRIé&Fpcerfthg|agmpanerdn asnirgi nal pl ane, sets all other planes as
next conponent planes , calculates a total nunmber of 10 exit candi dates
from each conpdieerit, pileneoptolmeizaat et ucHBPROBNEipHaNE, RhoMditesg@ach
cal cul ated nunber of exit candidates to the exit candidate |list. Next, the

opt i 10 zatdlomesd to2BBe tidied poshe iwTber tRé wadd, ¢aodi dAbES iRethe &Xit
candidate list for each original conponent

group of components assigned to the upstream-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) Theoptimizationunit 203 calculates a Z movement 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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15 plane, and wites the calculated total nunber of exit candidates to the
area corresponding to the exit candidate list . An exanple of the generated
exit candidate list is shown in FIG 54. Next, the optimzation unit 203
selects, fromthe exit candidate list, the original conponent plane having
the | east 20 total nunber of exit candi dates, and sets the original
conponent plane selected in this way as a first conponent plane. The
optim zation unit 203 then sel ects the next conponent plane having the
great est nunber, of, exit, candi dates, .and sets the next component pl ane
selected in thi’d nAy FREH S GHRE dorpoAlAtClaHatena topyl mayaneny t hi s
procedure, a plurality of conponent planes and their conponent planes are
successi VEISF skPecRed. OTheT slampanRp tdosca¢dendime &bortdmenfidldneding
procedure, with use of the exit candidate list shown in FIG. 54 as an
exanpl e EXPTESSIPRe optim zation unit 203 sel ects the original conponent
pl ane having the | owest total nunber of exit candidates, fromthe exit
candi date |i st totalthevenent candi €abe (I(XStmshawnt 8abtE, (24 ndsnax t
candidate totals are "5", "4" and "3", the |owest exit candi date total
bei ng5 " 3"tadtigrg, ratu@moragithal2 )40 conmponent planes D and E whi ch both have
an exit candidate total of "0" are excluded. The | owest exit candi date
total of "3" ig)t t; r:giynal :Go nent >.C, .and therefare the
optim zation uni)t h%%B%fggllg@tZ%tt QJ!en glrnll;tl @% %%&&@ﬁ%gﬁ'—hﬁ a%ﬁ’éqeé.t agri gi nal
conponen C e inthis.way is set as 15 the first conponent
pl ane. Z;Inoﬁlﬂee)?([{é?ltt ﬁé%lgpffi&%%zgﬂoél Erﬂet ¥r?(Yfmseé)Ite(]Ftasc,tsf'or the sel ected
ori gi nal conpo%gn% | ane, C, the next, conponent plane having the greatest
exit candi dat e Pot &F. OFhtm %7 et Hardd 3 Seanecss sheashi fremIREdiponent
pl ane ar ", "2", "0" and 20 "0". Since the greatest exit candi date total
is "2", t%ﬂl&%?ff'l??ﬁez%? Rkt corpgspendstty the sebactsshrbohehtmoplearemtB, and
sets the next conponent plane B selected in this way as the second
conpbhentaSitane. In this way, the order of two conponent planes is
det erm ned, 95

9) The optimization unit 203 sets the component R1 as the

component RO.
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
compbnentinformationinthecomponentnamelist,intoascending
order of placement tact (step S321), assigns the pieces of
componentinformationjjlthecomponentnamelistjjnx)aplurality

of groups, thereby grouping the components with respect to the
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i.e., conmponent plane C, conponent plane B. Subsequently, the optim zation
unit 203 repeats the described processing, resulting in the order of three
conponent planes being determned, i . e . , conponent plane C, conponent
pl ane 5 B, and then conponent plane A. The optim zation unit 203 rearranges
t he pieces of conponent information in the plane list so as to be in the
order of conponent planes determned in this way. Note that the order
generated according to the exit 10 candidate |ist shown as an exanple in
FIG 54 is, coincidental I%/, the sane as the order in the plane |ist shown
as an exa‘?i]paf%e‘?e?f‘tFI@p%%‘?‘ RS ehBEAP| §32¢ ear PAAgi g thHe Hasdesgduronponent
information included in the plane |ist does not change the order.

<Gener at | FRIOFARARS ihe phehesiathcempheerbnipdiventa tplcanént b5 ddeewpindgi zat i on
uni t 203repeats the foll ow ng processing for each conponent plane. 1 ) The
optim zatewtemmi @fiasdectcsonane @ddp gauli date in the conponent plane. 2)
Next, the optim zation unit 203 generates a cluster 20 by linking all

conponents i n oNed&, H P rfiamibheuselkesbgds exiL Eﬁ‘?d&gﬁ%ﬁn?gg ghat the

tact is amnmm 3 ) If a path occurs that causes a los act, the

t is aminim I p: s i Tace,
lust or 0. 08 b B O L T 8% Rl FDEh EhERg T S ondha es

pat hs cor[ir}pcgﬂ@gij%]g]ufs&r%\r/ Srrtgenrﬁ esaﬁha)conponent plane in the Z axis

direction, so that 1’s mnimum Here, the exit candidate in

5 each conmpone | ane i,s the point where the path | eads to another
conponent pl anghe???tllﬁ“ﬂ&?%ﬁppoﬁn% Ay EhERi 11u988S PHethED OFaRPBARY or age

unit 205 has a plane Iist and an exit candidate |ist.
components remain, and when a component remains (step 8325y,

calculates the XY movement amount from the component RO for all

10 of the other components (step S326), calculates the XY movement
tact from RO for all of the other components (step S327),
calculates the Z movement amount from RO for all of the other
components (steps S328), calculates the Z movement tact from
RO for all of the other components (steps 5329), and calculates

15 the return tact from RO for all of the other components (step
S330).

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

20 totalmovementtact=Max[(XYmovementtact),((Zmovement
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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10 <Pl ane list> The plane 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 conmponent count,
and other itens. 15 The conponent nanes, XY speed, and component count are
the sanme as described earlier, and therefore a description thereof is
omtted here. <Exit candidate |list> The exit candidate list, as shown in
one exanple in FIG 20 54, has an area for storing the nunmber of exit

candi dates to the next conponent plane for each original conponent plane,
and an arél T SRRFRA ttrtadkinlacemintatieadiot @ tdors moh. ori gi nal
conponent plane. The nunber of exit candidates and the exit candi date total
97 are as desUré oed igdrzkitéon andtt bes eflose setdeseel pbinpAnbher ROf a4 S
omtted here. 5.2 Qperations by the optim zation apparatus 200 The

fol | ow ngltesompbesne®r akitepss Py4 § heneptéthZag |@S§e§@@ajaaggsrgg_|%at (1)
Qutline of overall operations by the optim zation apparatus 200 e

fol | owi ngesefddass gy outline of overall operations by the optim zation
unit 200, with use of the flowhart in FIG 10 55. The optim zation unit

203 rearranges e W-&gn@ Lst 50 as; 10 be in descending order of
XY speed and descendi ng order of %%rrp%r?e%nt]ucdo%erﬁ,“%é%ﬂ“%léngFaf‘é’st cthonent
pl anes (%tn@ﬁ (a)ﬁl) The optim zation ynif 203 rearranges the conponent 15
| anes an enngﬁl SRS eéﬁ@ FEdEtesPBpF $882) 1O BRI t(GRRPREMEM pat h
p g .
in the cor;g}c%gnt pl an 3 thereby generating a cluster (step S503 ) , and
ener at e§ (FAER By2gbnéiigt MRENpaIPRLR coAmrecaubteof| taterkoss each
9 . L . P ( o
plane in the Z axis direction, so that Z novenent is a mninmm(step S504).
20 (2) OS&latiohSTtenS3Rear rdingidrs the medpbntak plarekity of clusters
(step S336), and reconnects the divided path so that the tact
10 is a minimum (step S$337). The optimization unit 203 then ends
the processing.,
When no path that is a cause of tact loss.exists (step
S335), 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

69



The foll ow ng descri bes operations for rearrangi ng 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 conponent plane
havi ng the 98 | owest exit candidate total (step S511), and when fini shed
selecting (step S512), 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. If the selection is
not finig@Fd %ﬁﬁeg §512), the optim zation unit 203 sel ects, from anong the
sel ect ed ‘ori girnal T25RPENRFRI i hkLotates dnner cterlvhgatd beadt taw eothavi ng
the greatest anpbunt of exit candidates ( step S513 ) , and returns to 10
step S511 & epéats The yotesessiend. R1G) Gt iehghtpabhzgeseral am 2 n
conponent planes The foll owi ng describes operations for generating

opt i ni zat¥loh PathsVim ehe.conpahenting aaeschanbhzusenof 15 ddoMehagt in
FIG 57. 15 The optim zation unit 203 repeats the processing from steps

S531 to $83% fsarctdash peamporent apkafte ABEz PRt E ZAL | ' 3. 5€e| ects
one exit candidate fromthe conponent plang ( step Sé%gbyp%é%%% %éﬁ%rates

one chustyradamdrithkidichialph conponents in order starting fromthe sel ected
exit 20 candidate, so that the tact is a mninum (step S533) . If there is

a loss in tact, LM, zat ] .t 203 divides the path that is the
cause of the tgg%bﬁggg&%n¥%gﬂgﬁ§k%ghéﬁa PWBOEEBEu%aﬂ?? QFERY JHHRRET (st ep
S534). Sﬂﬁ_Coqﬁky%ion 99 Acco ding to the fifth enbodi nent, inmaginary
conponent” pl'ands AP&%4EnErat BECKSr UBaR hoPYRRneAt db el domraneriopuret and

arranged in a_predeterm ned order, the order of the conmponent planes is
rear r angétt.) ‘afRg gileiRE pAEHV Kb RACKSI Wit aca@hperenbie itomponent. number

A3). Atthetimet4,thenozzleNllisabouttopickupaxxmmmnent
10 B (component number B1l).

FIG. 30 shows a rotary head R102 at a time t8 after the
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
thatarepickaiupandcomponentsthatareplaced,withthelapse

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 tl, the nozzle N14 picks up a component A (component
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5 in the conponent plane is generated, and a 3D path that connects the
conponent planes is generated by connecting the path in each conponent
pl ane with the path in another conponent plane . This enabl es the shortest
path to be determ ned, and enabl es the next electronic conponent to be
pl aced to be determined in the Z 10 novenent tact. 6. O her enbodi nents The
present invention has been descri bed based on the above preferred
enbodi ment, however the present invention is not limted to these preferred
enbodi nents. The foll ow ng cases 15 are included in the present invention.
(1) Thé"PiR&etl)nvention nay be methods shown by the above .
Furthernore, the nmethods may be a conputer programrealized by a conputer,
and may be a difgi ttal, shgnadzopletfb3 quingiks eip pr ogmpshehtr A hefdMsdnehhe
present invention nmay be a 20 conputer-readabl e recording nedium such as a
fl exi bl e mirdker aadyard di sk, a CO-ROM an MO, a DVD-ROM a DVD-RAM or a
sem conduct or nenory, that stores the conputer programor the digital
signal . Furtheydmne, e ' ' c uter program or
the digital si ng;lQ % egg?dggﬁgggg%ﬁ 3?1‘3‘?%%‘?12# g? é?r@ﬁ?u}lgﬁgdgl e %‘b‘?di ng
nmedi ag Fq{l;nl;}%lnq{f),. the present invention may be the conputer program or
the digital signal’transmtted on a electric conmunication line, a wreless
or wired conmunj,cation line,, or a network of which the Internet is
represent at i ve%th%{“ﬁ%r‘f‘%r 4 t?hegb‘? SOBRONENe AEFIRT MRV PR S? EBADUERS system
that includes a_m croprocessor and a nenory, the nenory storing the
conput er Ib?zt?;]reaﬁnt Ehﬁ FHEEHPR Ripric £8doP16hetitd semmerendi Rgf romt thee
conput er program 10 Furthernore, by transferring the programor the
digital s @Faside ddsyidiswpmisidiyumanmsareattis Bor by transferring the
programor the digital signal via a network or the |ike, the programor the
di gital signal AtelyiteTaxeddie edzbye anatisrks afepenteshe cOBWRIpSHStEem 15
(2) The present invention may be any conbi nati on of the

10 number B1l).

At time t5, before which the rotary has rotated a half
turn from tl1, the nozzle nl4 places a component A (component
number Al) on the circuit board.

Similarly,attimestGandt?,thenozzlesplacecomponents

15 A on the circuit board.

At time t8, before which the rotary has rotated a half
turn from t4, the nozzle N11 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 Z 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 7%
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above-descri bed enbodi nent and nodifications. 7. Effects of the invention
As described, the present invention is the present invention is an

optim zation apparatus in an el ectronic conmponent 20 placenent system
further including two or nore placenent apparatuses that place electronic
conmponents on a circuit board, the optimzation apparatus optim zing a

pl acenment order in which the electronic conponents are placed on the
circuit board by the placenent apparatuses and including: a first

assignment unit 101 perable to assign each type of electronic conponent
to one(ﬁmqﬁﬁ?%ﬂEﬁiﬁEﬁgagm&ﬁ%ﬂ the thaectsr adpdiniwmet #heiratangsi gnment
for each type of electronic conponent; a first calculation unit operable to
cal cul at e, for4Ea@WWﬂQ&éWﬁW@¥mQﬁﬁmuaius, a first placenent tinme required
for the placenment apparatus to place all el ectronic conponents assigned

t heret o accor diTig essemdlyi systagsilgnfiehhe Houthk enbsdiheboaiss ensecond
assi gnnent unit operable to select two placenent apparatuses fromthe

pl acenentsaappatanosese aethetasSanbleashsebmthertvwe (9rsel apl&eml dcenent
appar atuses, one type of electronic conponent that has been assigned to the

pl acefrent appamieuﬁolmmﬂn@l%@h%aeo@dé%%giﬁé%}%"ﬁ@mt%hﬁ‘éﬁdﬂP@rthe two
sel ected types of electronic conponents between the two placenen
I

apparatqu§m1qjﬁgg@ygﬂ3¥¥ng QD Uy 19per tgé%té&éga#ﬁ%Pte’ for each of
ra

15 the two pl acenent app uses, a second ‘place ‘equired for the

pl acement apparatus,.tQ . .al | el ectronic conponents_assigned thereto
according to tHZE§§8%%&Eg§§?58§§%tpgﬁcFWSngiPégﬁﬁnﬁoi?as FHPRW RGPt i on

deternin%&%pn gnit ogerable to determ ne adoption of one of the first
assi gnment- and“t ha"EERERE 2CFAYGfHedcadet teRabhes - a QompeRertplaenent

time, by conparing a greatest first placenent tine and a greatest second
pl acemenhs HPEr GFCarbAgRORE PRr §heprampapantt faedeantraned 8kcomhe
pl acenent tines calculated for the two placenment apparatuses sel ected for
i nt ek@haigingg By conposensndsasspphiredt fuaint thd0Peeder tray 401 feeds
the components. A component feeder (not illustrated) moves one
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 7 axis.

15 The multifunctional placement machine 125 includes a head
402. Thehead402is;uovidedwitha;ﬂuralityofnozzles. Each
nozzle, when in a suction position, picks up a component from
one of component supply trays 401.

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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According to the stated structure, an effect is achieved of placenment tines
bei ng nore even between pl acenent apparatuses . Here, the first assignnent
unit may include: a conponent count storage sub-unit operable to store, for
each type of 5 electric conponent, a conponent count of electronic
conponents of the type; a placenent tinme cal culation sub-unit operable to
calculate ( i ) for one electrical conponent of each type and for each

pl acenent apparatus, a reference placenent tine required for the placenent
apparatus to place the electrical conponent, 10 and (ii) for each type of
el ectrical conphélte dvdarsr heach 302adanrantesdyamdoks, umsiang tiieac@sponent
count of the type, a placenent tine required for the placenent apparatus to
pl ace alFBREAIGIIH ¢ acphpoabity of compdnepe soareheuctessivebpashicand an
assi gnment determ nation sub-unit operable to determ ne, 15 using the

pl acenentont itles ciataiiltatbed ridor3osach of the placenment apparatuses for each
type of electronic conponent, an assignnent of electronic conponents of the

type to one of mhkecphaeefert RPPES at USRS . é‘h%%%ﬂgtdﬁg é{‘rﬁcﬁ hed g
structure, the electronic 20 conponents are assigned to the pracenent

apparst uges based- 9 actR ce t cal cul ated using the reference
pl acement tinme det er ni %edﬁ?ll(l)?mégbhnt%g%e % é"’lseccl}cf“én cbﬂp%ﬁgnté%ﬁ’(ﬂlr{%e

conmponent; ) fqQre, .el ectranic components _can be reliably assigned
to the pflgg(eltrge%ltte E&%&?’&%&sééonfoﬁhl%r@e 25400 Jo¥ES gnnent unit may
assign a type qgf _el ctr%ni C corrpC nent, from anong the types of electronic
components , tHats Can UGHHY h8 IpithEe @Piy M 284i0Nc GPRATEILAS RO appar at us t o
the particul ar placenent apparatus, the assignnent 5 being perforned with
priority over dttHednfpgastapnesseragsi anddmadtents. According to the stated
structure, a particular type of electronic conponent is assigned to a

particul ar pl aféesinfappdariainustofage ehdte201 has @l @sigandct eampanat s of the
10 particular type can be reliably placed on the circuit bogard.

10 a Zaxis list, a plurality of task lists, a final placement point
list,anmximuchoordinatelist,ataskpairlist,andaplacement
order list.

<Component name list>
The component name list, as shown in cne 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 7 axis information,
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Here, the second assignnent unit may assign a type of electronic conponent
that has, from anong the placenent tines cal cul ated for each pl acenent
apparatus and each type of electronic conponent, a placenent tinme snaller
than a 15 predeterm ned value, to a placenent apparatus that is

upstream nost anong pl acenent apparatuses having a placenent tinme snaller
than a predeterm ned val ue, the assignnent being performed with priority
over other types of electronic conponents and ot her placenent apparatuses.
20 According to the stated structure, el ectronic conponents having the
short est F1ELBAERE QF fe2%t® dfadd arocPnReiptanemhe appeeatut daocat ed
upstream nost. Therefore, electronic conponents that are placed at high
speed ar @5 gh&parsliadepl acenent apparatus that is closer to the
upstream side, and |04 el ectroni c conponents that are placed at | ow speed
are assi gned t @hehequipacemnnaaepdicaintd ftikat ai somlpesent!.0 t he downstream
side . Here, each of the first calculation unit and the second cal cul ation

unit may includte zaamoRa iAQUBht85Q 288 18YBNUNM b PaPPE AR K Q. Store,
for each el ectronic conponent type assigned to the placenent apparatuses, a

conposientoCQUWita<t hats HA l.ec I ¢.,conponents. of the type
are to be pl ace« oﬁ Eﬂhé;ggﬁrg%gié{llag%%r ; gﬁtagt%g@%" (r;%lec% TRPRET BF BB uni t

oper abl e o131 for. each pl acenent. apparatus, a total placenent 10
tine indibtc}gtt?%lg artaﬁtéat%glont%ilrrrlé fcé)rm%&nae ng?4£1r el ectroni c conponents assi gned

to the pl acenen, as&pgri%%gs; and a placenent time cal cul ati on sub-unit
operable to cal carat ,16r each placenent apparatus and each type of
el ectronic con%glréﬁggc, g | acement time for all el ectronic conponents of the
type assigned £A glr%Eenae%tsstﬁﬁarlalt @8e pyamplei phyFHg. the dwiscul at ed
total placenment time by the conponent count of the type of electronic
conponent an@at heh haxiding bpsk wenpenend cophtirefliaglos! wintcamior
conponents assigned to the placenent apparatus, wherein the first
cal clf at iteskudintf cama ttilom .second cal cul ation 20 unit set the respective
cal cul ated placenent tines as the first placenment times and the second
pl acenent tinesiereespethsXeliynotes 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 photographing all 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.

Bach piece of task information includes a placement order,

a component name, a component number, an X coordinate value,
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According to the stated structure, a placenent time is calculated for each
type of electronic conponent assigned to the placenent apparatuses, by

mul tiplying the calculated total 105 pl acenent tinme with the conmponent
count of the el ectronic conmponent type, and dividing by a conponent count
of all electronic conmponents assigned to the placenent apparatus.
Therefore, a placenent tinme that is closer to the actual placenent 5 tine
can be cal cul ated. Here, each of the first calculation unit and the second
calculation unit rmay include a request output sub-unit, tact calculation
sub- uni t € g NP ¥R Mg  t ReZpractdibnatappalae usesd eiem ideacenent
time reception sub-unit, the tact cal culation sub-units correspondi ng
respectively t Fheoprlpeepeatentderappdi cduses, pawdrteion tihean espi@st in
generation sub-unit outputs to each placenent apparatus, a type identifier
i denti f yivigich cypponén s ectrrenponedmaoneihe Bk SnEPIHARSHa € QHAta f

el ectroni c conponents assigned to the placenent apparatus, each tact

cal cul at imncatd-imithecalady at es, based on the output 15 type identifier and
conponent count, a tine required for the correspondi ng pl acenent apparatus

to place the clie@l poAPENEARPARRD! St {1 LI Gl AR A0 ulputs the

cal cul at ed pl acenent me, the placenent tine reception sub- cei ves

each pl acenent 4 e first calcul.ation unit and the second 20
cal cul ation uni@eggpnﬁ%gleﬁgsﬁlél&qe\fe ]‘l%g@ii F SplPa S tres as the first
pl acenent tine% Aﬁgordin to the stated structure, each of the first
cal cul ation unit*¢a ﬂ?é)lgiéd’d"rjfdf c%fEUE a@inéh Unidodinate valueel dtd.on
sub-units that correspond to the placenent 106 appar atuses. Therefore,
appr opr i HASHAAIRAt Ehaes corgd inafkebe kug endateed Y noatdonabaca wid h t he
structure of the placenent apparatuses. Here, each of the first cal cul ation
unit and Ath&hegremict B dincwhathomhea siomprag nitnt s utlea ced equelsé dltduitt
sub-unit and a

10 Dboard.

The Z coordinate value indicates the position of the
cassette or the tray, in the component feeder, that feeds the
component.

<Final 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
theraluecoordinateofthepositioninwhichthefinalcomponent
in the task is placed on the circuit board.

<Maximum %7 coordinate list>
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pl acenent tinme reception sub-unit, and each placenent apparatus may incl ude
a tact calculation unit, wherein the request generation sub-unit outputs to
each pl acenent apparatus, a type identifier identifying a type of

el ectroni c conponent, and a 10 conponent count of el ectronic conponents
assigned to the placenent apparatus, each tact calculation unit calcul ates,
based on the output type identifier and conponent count, a tine required
for the placenent apparatus to place the electronic conponents on the

l.cul ated 15 placenent tinme, the placenent

circuit board,t@ﬁ% Qut.put s the cg,

time reception MY e Ge CPRE 2 RBRCpL A8ENEAE BhAED BhdRdeXanRte

calculation unit _and the second cal culation unit set the respective

recei ved Yt ddémedf t inekudes e atprsfopl scemery a phesalAtyooflimietest he

stated structure, each placenent 20 apparatus has correspondi ng tact

cal cul at i%h maxiim Pheoefrdrieatappnéprmateéopl, aceornpiséaess thatigan He

cal cul ated in accordance with the structure of the placenent apparatuses.

Here, eadtvafditrted inSbrmateohaidnyl stiidg 8nG £H8k $9600F £ GULAL{ A uni t
t

may include a request output sub-unit, 107 conversion sub-units, tac
cal cubat iprodihriHHdsS , v 18Mer Se conversi on sub-units, and a placenent tine
reception sub-unit, the conversion sub-units, the tact cal culation

sub-units and thg reMEr $HiheGON RS ii(%rlessutrg l{rgiistks bei ng equal in nunber to
p

and 5 correspondi ng respectively to the placenent apparatuses, wherein the
request generatjon -unit outputs to each placenent apparatus, a type
identifier i de?]I![hI ??%lgimamt %p%o%$&¥f%E? rvéﬂiuc,e &8%8&5&5‘, tgﬁog%e%B‘FrﬁBn%nt
count of ekﬁﬁ$ro i C %ﬁﬂponents assigned to the placenent apparatus , each
conversi Gif Jfﬁggbg 4€16MPRE %m%68909¥§én@déhﬁﬁﬁpéﬁ i evbpoaetiie count

to a format conpatible with the correspondi ng placement apparatus, each
tact cal AASAGISH Sbh-aufiassafiteuloat és tisasdd drhe ompomesrt ebddme.
identifier and conponent count, a tine required for the corresponding
pl actfrent appardiask teipl ddstthe el ectronic 15 conmponents on the circuit
board, and outputs the cal cul ated placenment tine, each reverse conversion
sub-unit conveflhe thek pair list, as shown in one example in FIG. 40,
includes a plurality of pieces of task pair information, each
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 before
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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out put placenent tine to a format conpatible with the optim zation
apparatus, the placenent tinme reception sub-unit receives the converted

pl acenent times , and the first calculation 20 unit and the second
calculation unit set the respective received, converted placenent tinmes as
the first placenent tines. According to the stated structure, the
conversion sub-units and the reverse conversion sub-units perform
conversion and reverse conversion for each placenent apparatus. 108
Therefore, ian%%pégon can, be ﬁonverted and reverse converted according to
a data format uniqBe®FEMERERCRTEE et uén aFfft heF npkerirdied present
invention.s, .i,n an_el ectroni c. conponent placenent system conposed of at

| east oné)lbllfé‘clé%é’n?f BlgFpacdtRis2eeRe N hPEEES i feamadrian conponditisian a
circuit board, an information generation apparatus for changi ng novenent
speed i nfCOMPASEn Afelaailidg ementherdierc @ind lsodrag kwinembichre el ect roni ¢
conponents are placed thereon, and including : a novenent speed storage
unit operabl e fhespdreepentubtrdboaindaearnthspessh dibh ¥orms i or each
type of electronic conponent; an assignnent storage unit operable to store,

for eachinypdeoforeleatioforixect@RANSH +haN ASHTRN G oo e 4 ype of
el ectroni c conponent type to one of the placenent apparatuses; a selection

unit operabl e TﬂeSQb%ﬁtnuﬁbgglEﬁ@n@ﬁ@ﬁ%@iE%eOEaBkacenent apparatuses, 15
two adj acent placenent apparatuses; an extraction unit operable to extract

sl owest noveneny ySp ed i pt et pat a8 h?ﬁgng a sl owest novenent speed anong
el ectroni ¢ conponent types assignea 0~ a placenent apparatus that is

| ocat ed upstre nmost, of. the two selected pl acenent apparatuses; an
extraction uni?ﬁ%pgﬁﬁﬁﬁg%{%ﬂﬁleQPF(ié%%vgﬁ@ﬁfagﬁéédqhﬁcﬁhﬁ??énCﬁhving a
faster mpvenent speed than the extracted sl owest novenment speed information
fron1annﬁ8mgpggpioHP@ec6H£8ﬁ@ﬁFl?9pé% R gprerPrenty prHng digtt stgyedat us
that, is | ocated downstream nost of the two sel ected placenment apparatuses;
and ¥ r epPabbfehe L oFRa t bpR re e g unddl 368t heté0®escending order of

component count. The component name list rearranged in
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 = {Y0O + Y1 + ... + ¥Ynl}/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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extracted novenent speed information with the sl owest novenent speed
information, in the novenent speed information storage unit. According to
the stated structure,an el ectronic conponent 5 information table in which

t he XY speed of the downstream process apparatus is arranged so as not to
exceed the XY speed of the upstream process apparatus. Furthernore, the
present invention is an optim zation apparatus for optim zing an electronic
conponent placenment order 10 used in a placenent apparatus in which a

f eeder that pphki, e t. | east one el ectroni c conmponent of at |east one type
of el ect :hgsr% %Bcg%oﬁgﬁﬁhwg?qn&%%@ 'C(?El PBsHE ot BFU AL freiehemndhead,
and the placenent head picks up el ectronic conponents fromthe feeder and
pl aces t fe PASEdtEPonite2coRpédrened By ancXreeprdisabeayalue hem cpid rd 2at i on
apparatus including: a first selection unit operable to select one of the
el ect r onic@EEHpGTent sadng sén  tdad calledtadoniis ingnpoinenta fasr emdritrisdned

el ectroni c conponent; a calculation unit operable to select electronic

conponentexpotessiansan Neetfi fst eheht coMpSnEOPPONEHe WNRIAt hdd MB,e Set the
sel ected 20 el ectronic conponent as a second el ectronic component, and

cal cu at ecpwnjera hene i NPBERRRE okl 1% skegubradthercdi RLACRARAL fgad of the
pl acenment apparatus to nove relatively froma position where the first

el ect r onia,ACAERARERY |Bat Ocipe &%xﬁ;?&ger'i & RES %i P uhgr &, the second
el ectronic conponent is to be place ,1?6) a I% B ?é%ge%nﬁ%éﬁ) e
requiredigg&c%t%%%gg L ? S | i t he.second el ectroni¢c conponent to nove
to the placenent éhsgg FB#BESQﬁfF%%r?+n?B%VEEBSRHI%?%8#?%%%49q%$q(a be
pl aced, an c) a return npvenent tine required for a feeder that supplies
valu i :
the 5 first Bt 5 CPEHHDBAENPR (W o 8 3tdr Eeimines dhent desadlinwds on
position_after the second el ectronic conponent is placed; and a sel ection
uni t oper&Bii€ £§ $BPeRRTtHaSRESBHELENRT HekalY Mov drencanipmmentf degetemovenent
times and return novenent times calculated for all el ectronic conponents
ot hel® t h&R tthets moyemensciinofhe 20 dicmedrient Jinaoreleecttropiickcapament from
anong all the electronic conponents, other than the first electronic
conponentompieaenitsis as little as possible. Next, the optimization unit
203 writes the determined % coordinate value to the Z axis list,
in correspondence with the component indicating the component.
FIG. 35 shows an example of a Z axis list generated in this way.
15 As described, the optimization unit 203 determines the
Z coordinate value for each component in the order in which the
componentnameinformationjj;storedjjlthecomponentnamelist,
and therefore the Z coordinate value is set such that the greater
thecomponentcountofthetype,thelessmovementbythecomponent
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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to be placed next after the first electronic conmponent. According to the
stated structure, the feeder that supplies electronic conponents does not
make | arge novenents, and tact 15 | oss can be reduced. Here, the selection
unit includes an operation sub-unit operable, for each el ectronic conmponent
other than the first el ectronic conponent, to calculate a value that is a
total of ( a) twce the return tinme and (b ) the feeder novenent tine, and
20 adopt the greater of the cal cul ated head novenent tinme and the

cal cul ated val ue:and an el ectronjc conponent selection sub-unit operable to
sel ect, agor[ép%n%%{{t 8?5‘8&10%‘? &nc‘tﬁlﬁb%liﬁég‘te FOMBRNBLhdENeafinépripbion us

el ectroni c conponent, an el ectronic conponent corresponding to a small est

val ue andififhiearRangsiuts tdddpral - 11Here pyompenspdr aeneni sidemat torf or t he
el ectroni ¢ conponents other than the first el ectronic conmponent. According
to the stdiald dncdedese, nazyvhé ue' S'hatormst herdws all ,of compeReRt afdd ti ne

and a feeder novenent tine is 5 calculated, and a value which is the

gr eat er gin ome tcidrat ket head uderaiBAr1 d e randstdiengab cuhat@h s e i s
adopted. Therefore, the placenment tine can be predicted with nore accuracy.

Her e, 5t hengileacieTmitmaaPRa atnbse | GRS d 4 WPl a&#@]tg{lﬂ]o%ﬂq d, and the
on e Ca

sel ection unit selects one el ectronic conponent base ‘cul at ed
head novenent tjJigs, +f gﬂ§g- I return novement tjpes, and a
rotary placenment head %a -%I{g?%il oér‘lpi tultnr%eqé%c%ernael%‘—igt?%atﬂgu]é?JaJrrTEﬂ of'
structur placement tine iin 15 a placenent apparatus that has a rotary
pl acerrenftahsgggl%g% g’é’ gFéSFE‘%B&“\% ?ﬂsﬁn‘?%sh%‘%‘ﬂ?%Ey.POFLﬁ?%rcrﬁﬂ%an%

pr esent Gquption is an optim zation apparatus for optimzing an electronic
conponent™h A e FEAPOSEHEr T30 i nPR P¥ABRhR L ab2ereiatehdtagh ddes

el ectroni,.c csgg)(ponents 20 on a circuit board by repeatedly perform ng tasks
until altSelSWodihc Edéhpoents to be pl aced have been placed, each task

bei ng conposed of : a feeder that supplies at |east one electric
0 Next, the optimization unit 203 determines a path for each

nozzle, or for each cassette/tray, according to return
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 unit203forpathdeterminationaccordingtoreturnoptimization.
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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conponent of at |east one type of electronic conponent noving to a suction
position of a placenent head that includes at |east 112 one nozzl e, and

t he pl acenment 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 placenent order of electronic conponents in the

task, (b) nt Ssitipns ch_of which indicates where a_different
one of th%a{)ge]??élglfmﬁgﬁi gg% gw&ms £tk BRI b As sk trardqd ¥ ePIrdteatosi ti on
indicatiqgtﬁfgosi ion 10 of the feeder that supplies the electronic
conponent & 14 f RRAWIERE LG B} tebpirabPad acgmgat@cding ianf ocmbidi nat e
list by rearranging the task information for all tasks so as to be in
descendi P ortfert BfalX rbageiianit ewifntp|kicstrent position of an electronic
conponent last in the placenent order in each task 15 information; a second
gener ati on uni tNeyger abie opt gehmataten audico@ndi nake danstesbyt Heeaf { @i Ng t he
task information so as to be in ascending order of a greatest feeder

posi t Bon plraandn t ek nithf f 6Bh4 ©Ton and a8 A58k DY TRMemrdRitt p8PREAP] St O
alternately select a task froma top of the X coordinate ?ist and a top of

20 the ZsQQQﬁﬁHﬂﬁ&ﬁaHhSHeE@eBB@ngtéEa roﬁgek’cgggdgég{ggvﬁgﬁgﬁgfﬁghgasks

position in the placenment order according to an or

wer e sel et e ' t.Q .t ed_structur tasks are sel ected
alternately rg?ﬁiﬁégi{lg%o& tt’hhaghig%%g‘fvailﬁglseuﬁ g?rﬁﬁﬁl%ﬁﬁéltW%%I@ent of the
Z coor di e li a e t.asks are given g position in the placenent
order ac mé%%%§ Eﬁﬁgb%gﬁgﬁq ?%%ﬁ?ﬁ%ﬂﬂ%ﬂ&#%%#énﬂﬂkﬁhé&?ﬂﬁﬁ%lhas an
effect of .reducing crossqover between the paths of. the tasks. 5 Here, the
opt i ni zat g RULY drfpemationydas: beegarearseneaduniin gyxamble t o

caIcEIate a first total novenent
0 of the final placement point list is shown in FIG. 38.

Next, the optimization unit 203, for each task, finds the
maximum 7 coordinate value in the task list corresponding to
the task, and writes the maximum Z coordinate value composed
of the task number identifying the task and found maximum 7%

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 list. 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

followingprocessingwhileincrementingthevariable(astarting
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amount that indicates a distance that the head noves if all tasks are
executed in the placenent order assigned by the assignnment unit; a task
selection unit operable to select two tasks; an 10 interchange unit
operable to swap the two selected tasks with each other in the placenent
order; a calculation unit operable to cal culate a second total novenent
anount that indicates a distance that the head noves if all tasks are
executed in the placenent order in which the interchange unit has

i nt er chan he . t asks; d an adoption sub-unit operable to adopt a
placenentﬂggaég é¥ﬁﬁé%ngg&%f%$§£edﬁﬁﬁ d8 Yolue fflgletothenbaskr st
total novenent anount and the second total novenent anpbunt. According to

t he stateﬁu%??ﬁcture, a placenment order with 20 an even shorter pl acenent
time can be enployed. Furthernore, the present invention is an optim zation

apparatus for optilezppgimhzeteohramic 2@ panentheltacsneakneideeqused in a
pl acenment apparatus in which a feeder that supplies at |east one electronic

conponenttloé taskimatteroneclyged of thidf ingl BehEeRLE+ GRIMANENEPRYEI LR @
suction position of a placenent head, and the placenent head picks up

el ect Sonihaomponeeas chr ANk { £ aafhleAsesn L h 58 ool k9Nl gosgEpOnent s

on a circuit board, the optim zation apparatus I nc ng a ne generation

5 unit opesabl e, tenhgenerate, oif %aﬁla(:h el ectroni c conponent type, an
i magi nary conponent plane that ‘i ncludes positions in which electronic

conponents of thedhype .% be placeg, and_arrange the generated
conmponent pIanesFin a Bgéﬁé %Fﬁ?ﬂéﬂrﬂi Qr. SELF e ARgeneAEN AL edpey abl e t o
rearrange..the c onent . planes; 10 an optinmum path generation unit operable
to genergyg?%ﬁfﬁﬁﬁﬂﬂﬁﬁiﬁgﬁgﬂﬁ%ﬁéﬁltb?&ﬁ@?“&ﬁ‘%Sppﬁéﬁmﬁé#hlmﬁ@rm@bhumcts t he
conponents on the conponent plane; and a 3D path generation unit operable
to gener dt¥ta is0:hatar thhan tdmResinumne ccomedmerte piahess thy Tapbeeti ng
t he gath wi thin each conponent plane with the paths 15 within other
compdfenttatlanies . the cortdh nplo gaver stated structure, an i magi nary conponent
pl ane is generate for each type of el ectronic conmponent, and
3) The optimization unit 203 generates task pair
information consisting of the variable a, the former task number
that identifies the former task, and the latter task number that
identifies 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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t he conponent planes are arranged in a predeterm ned order . Then, the
order of the conponent planes is switched, and in each 20 conponent pl ane
an optimum path is generated that connects the electronic conponents in the
conponent plane. Next, the paths in the conmponent planes are connected to
each other wwth 3D paths . This enables the shortest path to be determ ned.
Here, the rearrangenent unit includes an extraction 115 sub-unit operable
to extract, for each conponent plane, an exit el ectronic conponent, the
exit electronic conponent being an el ectronic conponent for which the

pl acenment “He 4§ REGERE ML AGSRE I @R e R d néRI g dppdrehbe ol agenenitgh ndé r
component_plane that is 5 the conponent plane, to an el ectroni c conponent
on a nextl¥®hponent plane that is another component plane, is within a
feeder novenent tine; a calculation sub-unit operable to cal culate, for
each original dbmppnéehe ppaieiaadieacin nexioxeapeatstlp aRcuflseXid
candidate count that is a total nunmber 10 of exit electronic conponents,

and cal cut@l Bowimy @asdedyig Nl i LOMPANSeX B8 30 W34{a ﬁ:pd(;@eltot al
0

that is a total nunber of exit electronic conponents; a selecti sub-unit

oper abl e 40 5@l &Fle 0 971 Gi0al GamRangat, plane havin ﬁt%eémal | SSEe £XI

candi date total and set the selected ori gi nal” conponé | ARPIE H 2 4 first

corrponentirpl@{@,%mlaa[&%ée%tecotﬁ%ﬂext conponent plane that has a greatest exit

candi dat e count respec 0 selected the first conponent plane, and set
t he sel ected next .conpopent %ane as, a second conponent plane; and a
conponent Ianglx)i Eﬁ&p@ﬁgh ézg BOGNIEL 3atﬁlléldtsot'5;ﬁt ErEKangRbehetHat st
np p .
conponent, 20 pl ane and the second conponent plane in a conponent plane
order . & S Lhepled Pk hagdiidon RARItian @ tn Jdwapbachmprt! erder;, each
side of the square-shaped area being a |l ength corresponding to a novenent
time of dﬁﬂé@géﬁzrdmwemanﬂuqydaﬁ Yieet squar e- shaped area being a position
where an exit electronic conponent is to 116 be placed, and, if an
el ectPoni ¢ conpong@he optihtzaexonCOWPOrEE finds, from the task list,
the task pair information that includes the former task number
identifying the former task, the former task being the task
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 Ifapositionintheplacementorderhasbeenassigned,
theoptimizationunit203judgeswhetherthereareanyunassigned
tasks to which a position in the placement order has not been

assigned, and if any such unassigned tasks exist, assigns the

position “a+l” to the remaining unassigned task having the
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plane falls within the set square area, judges that the placenent head
novenent tinme is less than the feeder novenent tinme. According to the
stated structure, the next electronic 5 conponent to be nounted within the
Z novenent tact can be determ ned. Furthernore, the present invention is,
in an el ectroni c conponent placenent system conposed of at |east one

pl acenment apparatus that places el ectronic conponents on a circuit board,
10 an information generation apparatus for changi ng novenent speed
information relating to the circuit board when the el ectronic conponents
are pl acétr $at&dorf 1nd Rldamsingg X #omnddmarite speed storage unit operable
to store circuit board novenent speed information for each type of

el ectroni ¢ conporént Ifap pesighmenin Hhespdaagaenti brdper Absend® 1sddi e, for
each type of electronic conponent, an assignnment of the type of electronic
conponentadsigmdd, ohe optimezpt BeeNRIA 3PP S UHES 1 pELEETHAM Al 4
operable to select, fromthe plurality of placenent apparatuses, two

adj acent 4 agrimERt@RparAfyses; an extraction unit operable 20 to extract
sl owest novenent speed information having a sl owest novenment speed anong

el ect soni ¢ COMRGRGN! (hKPES AREL IR LG A PACETENL apear alus, Lhal s

| ocat ed upstream nost of two sel ect'ed plac

extracti i rabl.e to .extract venent speed information having a
faster nD%I\gneol{rr{eHn O%Bgcehc? fﬁé) Thdh's ﬁé’ﬁ&""rﬁlﬁ BIiRefeshv@fnt speed
information from anong el ectronic conponent types assigned to a placenent
appar at us t hat 51| oégt edS d A RLeeRH n¥devof Sgﬁﬁlﬂﬁo tleé e qrast ol aroelent
appar atuses; and a replacement unit operable to replace the 5 extracted
novenment pédd anfdmmietoiean thet érehéneboandvehinand pelee heddravat j on, in
t he novenent speed information storage unit. Furthernore, the present

i nvent i ot BIGi nt 2in nelzedesodd 3, dadpoaent tapenendesysh &RCRERASEM of at

| east one placenent 10 apparatus that places el ectronic conponents on a

circldt 1oer thozar dsnfanreTaideit gRE B R ARPHEHUS HiPrak hangidg 485!
information relating to the circuit board when the el ectronic
Here it is assumed that the nozzles 443, 444 provided on
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 amount 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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conponents are placed thereon, and includes : a tact storage unit operable
to store circuit board tact information for each type 15 of electronic
conponent; an assignment storage unit operable to store, for each type of

el ectroni c conponent, 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
20 apparatuses; an extraction unit operable to extract slowest tact
infornatig&tgagé g%a sl owest tact anong el ectronic conponent types assigned
to a placenent app 9%tus that is |ocated upstream nost of the two sel ected
pl acenent apparatuses; an extraction unit operable to extract tact

i nfor mati on ha ¥t a thesortinieatiracini P} Feleninsesed toitaiedl béct

i nformati on from anong el ectronic conponent types assigned to a placenent
appar at ustihadtead nocenent cowment eafnabkttaskshe two sel ected pl acenent
apparatuses ; and a replacenent unit operable to replace 5 the extracted
tact informatidfexi t bheletimwasti ohanti i Db 9ROk vi Tué Be £ @¢hiLpfar mation
storage unit. Furthernore, the present invention is a conputer-readabl e

recor i ngrawxl upd St o1 kaest Bekaen 16l ECulAs o3 ARMANENL. Spesd, i pf prmati on
relating to different types 10 of electronic conponent, and storing’thereon

movement &pradk doraid olnddalafag, DooR {601 aced by thec nformti o

generati on apparatus. Furthernore, e présent invern ah™

el ectroni nt system conposed of at |east one placenent 15
apparatuéﬁ%ﬁat piac%%eé?ég?ﬁéﬁﬁ% %%ﬁwgﬁﬁﬁ?éﬁﬁwg$th%dH#% ér@?gaﬁll
infornathgﬂﬂggneration met hod used in an information generation apparatus
for changing novenent speed information relating to the circuit board when
the el ectronic conponents are placed thereon, the infornmation generation
appar at us 20 i RE%ldi hje WP HVirdHions prél 2Q eagesutie pdperabhe dodstor e
circuit board novenent speed information for each type of electronic
conpdfentof ZAgkdrrrd ¢rghienta stwratgss thiethepd mabeacht siie: fHoregagh type
of el ectronic conponent, an assignnent

task, and calculates a total movement amount nlength of the head

for all tasks.
Next, the optimization unit 203 compares the total olength
with the total nlength, and when the total olength is equal to
15 orgreater thanthe total nlength, employs the switched placement
order. When the total olength is less than the total nlength,
the optimization unit 203 employs the original (un-switched)
placement order.
Next, the optimization unit 203 adds 1 to the value of
20 task2, compares task2 with the task count, and if task2 is equal
toor less than the task count, repeats the described processing.
When task2is greater than the task count, the optimization
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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of the type of electronic conponent type to one of the placenment 119
appar atuses, and the information generation nethod including: a selection
step of selecting, fromthe plurality of placenent apparatuses, two

adj acent pl acenent apparatuses; an extraction step of extracting sl owest
novenent speed information having 5 a sl owest novenent speed anong

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

| ocat ed upstream nost of the two sel ected placenent apparatuses; an
extraction step of extracting novenent speed information having a faster
novenent EPEEd tTRIeatRe tdhea rdesedbEdwesiceanienent speed i nformation from
10 anong el ectroni c conponent types assigned to a placenent apparatus that
is |ocated dowidtarctaskdit qfedtiea then sakacistdeph e eiBBloAPRA A 1ses ; and
a replacenment unit operable to replace the extracted novenent speed

i nf or mat ivmi wiZos thecallewest t FEVRSRN inSReRch 1 RRRURL F8R, ehBht PEsROY LN
speed information 15 storage unit. Furthernore, the present invention is,

in an el aold @hg L aBYSISTRCRMAS O 0Bl RPN

eqd e
pl acenent apparaFus hat places el ectronic conponents on a citcu

an ingor rg;%,_gg %ﬁ?%@ an 0 ;jtanma Sl?gc'i{sﬁﬁia conput er for changi ng 20

novenment spe ormation re I Ng ‘circuit board when the

el ectronic cowt are ‘FI aced thereaon, .the conputer including: a
novenent speed 'agge bt GhPR U s £8P eCcpetfs RodidhnBlemnt speed
information for each type of el ectronic conponent; and an assi gnnment
storage 01D dperighilestobhant Blgt prbstibrteachl tybith K2 elard rapents

conponent, an assi gnnent of the type of electronic conponent type to one of
t he pl acé@ntd%ﬂid&lﬁ%ﬁszc%ﬁrtme i nformati on generation nethod including:

a selection step of selecting, fromthe plurality of placenent 5
appar at uses, tWwheadpacesntgndaeenthhnappasq@ialses; Pan €k e indin St & of
extracting sl owest novenent speed information having a sl owest novenent
speeti anung te 283 ledidi=C tHRIMRARRIYEs 4iIHRES
4.2 Operations by the optimization apparatus 200
The following describes operations by the optimization
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 5401),
calculates, for each component, the average value on the circuit
board (step $402), determines Z based on the average value

calculated for each component, and generates the % axis list

(step S403), rearranges the pieces of component name information
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assigned to a placenent apparatus that is |ocated upstreamnost of the two
sel ected pl acenent apparatuses; an extraction step 10 of extracting
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 placenent apparatuses ; and a

repl acenent unit operable to replace 15 the extracted novenent speed
information with the slowest novenment speed information, in the novenent
speed i nfigy ke conpenenhgemeni tst Facthedimg ¢o idwez ¥ esemrboll)Vaidr¥by S , in
an el ectroni c conponent placenent system conposed of at |east one pl acenent
20 appar gjarseitdtingd ptagael eglaogtcusoTBeBeR ) 20N @sgiéﬁyhtplba%aén%n@“ a
conput er -r eadabl e recordi ng nmedi um havi ng recorded thereon an i nfornmation
gener at i gibRIOGIAmased Ak A dRIMRifrfils Ghanghng IV SIEAL A%
information relating to the circuit board en the e eétro I C conmponents
are placed then , . . incl udi ng: . a noyenent . speed storage
unit operabl e tl\%gigt'o%ﬂg%ﬁgﬁg%ggﬁégén%\%@%e&n?t% S nFBF FFQFihdﬁszolre each

type of ctroni nponent.:. and an assignnent storage unit operable to
store,s) f(;%rreegc? t;é/% Bofcae‘crsé%ftt?%tr]&a%’orrﬁong’ﬁg?‘ afCEeEH gRfento 5 IFtutie type

of el ectroni,c conponent type to one of the placenent apparatuses, and the
i nf or mat ioé# s R GAR) I el RF n§Or £asd] gEeipn asp@in ot osdliedt i ng,
fromthe plurality of placenent apparatuses, two adjacent placenent

appar at usé¥ JERUEXIF ML BAS b tapl dfl eyilraed oy Heowstuinviesend @pegd

i nformation having 10 a sl owest novenent speed anong el ectroni ¢ conponent
types assidfifed modacphaeetenthappessdtise thath and eaat efaypsdtieame@mst of
the two sel ected placenent apparatuses; an extraction step of extracting
novenent sgsad i nformati on having a faster novenent speed than the
extracted sl owest novenent speed information from 15 anong el ectronic

conpbment typeg 2@5Sﬂﬁ?ddéﬁeﬁm@hiiﬁg”%@)tex%Qﬂ%rn%t %cé%?!{iﬁ%i k:8ggr_l(?ecglrn

downstream nost of the two sel ected placenment appar
repl acemgpt iWli, tQRgr abl e to replace the extracted novenent speed
information with the sl owest novenment speed information, in the novenent

zgteiegn' 'ZQI ioggat lI‘?x@ %%lﬁ%?lrl% edlég}lctr'iblé%r tpg rhn‘%reec’ezgmqenar%:rieosne rgpelrija\éeirg)tnlson 'S an

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 eachtask and generates a final placement
point list (step S421), rearranges the final placement point
list, so as to be in descending order of X coordinates (step
S422), finds the maximum Z coordinate of the component type for

20 each task and generates a maximum 2 coordinate 1ist (step S423),
and rearranges the generated maximum % 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 S425), sets the a-th task in the final placement point
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apparatus for optim zing an el ectronic conponent placenent order used in a
pl acenment apparatus in which a feeder that supplies at |east one electronic
conponent of at |east one type of 122 el ectroni c conponent noves to a
suction position of a placenent head, and the placenent head picks up

el ectroni c conponents fromthe feeder and places the el ectronic conponents
on a circuit board, the optim zation apparatus including: a first selection
5 unit operable to select one of the el ectronic conponents and set the

el ectroni c ,conponent a first. electronic conponent; a calculation unit
operabl e tdSH ﬁﬁttq?e? ?&rm EaEBng% 2 bRHeASk RATTt hEEEP 13420 edBtENI ¢
conponent one at a tinme, set the selected el ectronic conponent as a second
el ect r oni c {¥EnpoiéntasEndnibheanaxinie 1 erordinmrl Msitemsnthe detitequi r ed
for the placenment head of the placenent apparatus to nove relatively froma
posi tion whes& imé&lfe asthetasit penirc( soepddent) i sdds Y pbaded vhaiabjesiti on
where the second el ectronic conponent is to be placed, (b) a feeder

movenent tianestep 428 f ebmpatreedeie taati apupphiwestt htelba sSRGAIthel agldr oni ¢
conponent to nove to the placenent head suction position if the second

el ectr oni Ciifsth® RE- UG, 1andh(£) 3 Hel1Ed: FOVSITRAE {4 4 JRGH Kg@efpor a

feeder that supplies the first electronic conponent to nove to t

o acement Hagd)SUSLLAB0%H! LoBALhst, LA Sspandeleg! ponLe component 1

pl aced; an Sel’ection unit opera ect "head
novenent tines , %ged r.nove g: times anqﬁég%gkn ggveneq% ti mes cal cul at ed
for all el ectronfeSRonpoNEH e othEr s hFd A% CBR oMo kFbRENt, an
el ectronic ﬁo oneﬂt from anong all the el ectronic conponents, che{ t han
the first efedirohitt eBhPBREALIOR KRG LUDBRSsigng,Ehe ResdtAoRt "aft &R t he
first electronic conponent. Here, the selection unit includes an operation
sub-unit opbedm ek drslereiohtes dashohiayiognbbacneatert ftinad pheceinest
el ectroni c conponent, to calculate a value that is a total of 5 (a) twce
t he rdtlur npoine ZAndobbiinheef ¢stlep gBIGHENt tine, and
Next, the optimization unit 203 sets the value of the
variable a to “1” (step S431), finds the task that is a-th in
the placement order in the placement order list (step S432),
finds, from the task list, the pair in which the found task is
15 the former task (step S433), 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 1list (step S435). Ifapositionintheplacement
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+l1”

in the placement order to the remaining task having the greatest

final placement point X coordinate (step S438), adds *1” to the
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adopt the greater of the cal cul ated head novenent tinme and the cal cul ated
val ue; and an el ectroni c conponent selection sub-unit operable to sel ect,
as a next electronic conponent to be placed after the first electronic
conponent, an el ectronic conponent 10 corresponding to a snallest val ue
anong all the val ues adopted by the operation sub-unit for the electronic
conponents other than the first electronic conponent. Here, the placenent
apparatus includes a rotary placenent head, and the selection unit selects

one el ectrgni¢ nponent sed on_the cal cul ated head novenent tines,
f eeder mov ﬁ‘Eﬁ‘F%ﬁFn%QStFBt]%?‘ Rghn%%*ee% TSI NS §EEBISHIP PrACERSHthead

hal f-rotation tinme. Furthernore, the present invention is an optim zation
met hod usel8PPnPERCESELRIzat i on apparatus for optinizing an 20 el ectronic
conponent placenent order used in a placenent apparatus in which a feeder
that supplies at Ifedha lantes|toik basnabineenents bfned al Ehstemaet tofde rof

el ectroni c conponent noves to a suction position of a placenent head, and

t he pl acemeatehesad @i ckbe bpteheetrabhamicnpoparss ghsaind bes { eedgr sand
pl aces 124 the electronic conponents on a circuit board, the optim zation

met hod 5i nctgding1ad thir shsRelReld 90468 SPadds Saleed ihg 9B b1 Lhe elegtronic
conponents and set the electronic conponent as a first electronic

conponent ; s 2368l G pthan step-of +8¢ [ 5 ronic .companent s ot her
than the first§electron|c corponent o%ebggzéng#%%?eggFﬁﬁﬁbggﬁgeééﬂggfed
el ectronic conpoggnt as, 8 second el ectronic.co qpent, and calculating ( a
) a head rovenent®tiThs TeqitedT ofPEREIEPEEe ShehdteP 13 D) acEhent
appar at us totnDVe relatively froma position where the first electronic 10
component TREBIAREHPECERY 2B FadrtilatefnERe kerd SIQNERERY adoudt or
conponent is to be placed, éb) a feeder novenent tinme required for a feeder
that suppl§EPthfeisdsss® 8tetd r ailcwrmentotal hrad novemens azerment head
suction position if the second electronic is to be placed, and ( ¢ ) a
ret ur hOnoRihedtatl e sksqusted SH3 Xor satsadoevathable upEkesotYie fistap
el ectroni c conponent to nove to the placenent head suction position after
the second443), sets the variable task2 to (taskI+l) (step S444),
calculates the head movement amount for each task (step S445),
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
5448), and calculates a head total movement amount nlength for
all tasks (step S449).
Next, theoptimizationunit 203 compares the total olength
with the total nlength, 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 S451).

Next, the optimization unit 203 adds “1” to task2 (step

88



el ectroni c conponent is placed; and a selection step of selecting, based on
t he head novenent tinmes , feeder novenent tinmes and return novenent tines
cal cul ated for all el ectronic conponents other 20 than the first electronic
conponent, an el ectroni c conponent from anong all the electronic
conponents, other than the first el ectronic conponent, that is to be placed
next after the first electronic conponent. Furthernore, the present
invention is an optim zation 125 program used in a conputer for

optim zing_ap_el ectroni c conpanent. pl acenent order used in a _placenent
appar at us ?Ph° Wi &P“&’afr@egdéiag?ﬁé‘fl%rhﬁﬁﬁi RSk CouBLstanthd teF@EKF Gifi BIEBApONnent
of at | east one type of electronic conponent noves to a suction position of
a 5 pl aceneptorthéeds Hmh the prakammt HeadpELid) upeshaasr onistegofpdhent s
fromthe feeder and places the el ectronic conponents on a circuit board,

t he opti maadi pappavgrahe i peocdsagnga first selection step of selecting one
of the electronic conponents and set the el ectronic conponent as a first

el ectronic conponeitasidia §batbattdn HRPtabksebect | Rt €abugni €he
conponents other than the first el ectronic conponent one at a tinme, setting

the selsectgd: ghegt £ Poh QldnCiQfTE‘é@eQ&dé_s“ P $8Ce0dx 8! (%%ergf %h% SSQ”PQIHE?&ﬁeé‘”d

calculating ( a ) a head novenent tinme required for e pl'acene ead of

h I | ativel : itd wh h
st o ecrt ot At aut she @t bl Yheh rpBRo D8R, Shely ot BBl cona

el ectronic_c nponen% is to be placgd (b) a feeder novenent time required
for a feede? Etb‘r‘f'af:‘i‘E P YIS (ShEPsEe RA- eFSET RO THRB G 20¢ RBREaE® t he
pl acement head suction position if the second electronic is to be placed,
and (c) a e rREQeessVement tine required for a feeder that supplies the
first electronic conponent to nove to the placenent head suction position
after the secondflteskiohs coxempandiitan $hel heel;caunt 4 sselre6db6n stk of
sel ecting, based on the head novenent tines, feeder novenent tinmes and

r et ur hOnowenteinti 44 thiesn calicubaBedafienla26s the head movement amount for

each task in the swapped task placement order (step S457), and
calculates the head total 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 P1 with P2 (step
S460), and returns to step S443 and repeats the processing.
If P2 is equal to or greater than Pl (step S459), 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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all electronic conponents other than the first el ectronic conponent, an

el ectroni ¢ conponent from anong all the el ectronic 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 nmedi um havi ng recorded thereon an opti m zation
programused in a conputer for optimzing an el ectronic conponent pl acenent
order used in a placenent apparatus in which a feeder that supplies at

| east one el ectronic conponent of at |east one 10 type of electronic
conmponent ¥S fB SX_MRLE AL pblf tRIMOI A fihec ddsis Heserddng tRethe

pl acenment head picks up el ectronic conponents fromthe feeder and pl aces

t he el ect r@ﬁﬂétg(ﬁrﬁm@éﬁt@ton gompardng sl igheesptiitntambecreqrr bgaam
including: a first selection step of selecting one of the electronic
conponent slé8sambssatverhise eveeh partihs torpadent @scardingtoddiRChbreskat
conponent; a calculation step of selecting electronic conponents other than
the first eheeht®Bh¢ component one at a tine; setting the selected

el ectroni c conponent as a second el ectroni c conponent, and calculating ( a

) a head novenenjiotd ¥R kaGIH sgéi&%awsnmn% he?d gﬁggrtg{e %{Jgi?ié‘&e”e“t

apparatus to nove relatively froma position where t ctronic

conponent ks..t e t itio ere the second el ectronic
conponent #értgh ec%%gégg? ?%% ggg%id%f ﬁg%eﬂ%%?o??ﬂé ?3ﬁ§??e%°?o?a%hfeeder
t hat supplies_the econd?elﬁciionic conponent to nove to the placenment head
suction 127°MPRRERt| b thethRls@¥bRd BrRR%Fonic is to be placed, and (c) a
return novenent tinme required for a feeder that supplies the first

el ectroni ¢ conpohttCRIG HAAL itq tmd tpmay epakru bkl sirn iropapestteohl af t er
the second el ectronic conponent is placed; and 5 a selection step of

sel ecti ng,2 sl owviementepd tiomewenent i nese frwderl roveilkntompamsn and
return novenent tines calculated for all el ectronic conponents other than

t he filfst @f echhe crvmpamosmponednte @n el ectroni c conponent from anong all the
el ectroni c conponents , other than the first electronic conmponent, that is

10 to be placed mexdl @attdl mihemintStiRbest rHNiL seqQmpRRAN%. aFyELheL NPy e, the
present 1 nvention Is an optim zation

Here, the speed is the movement speed of the head, and
thedistanceiisthedistance fromthe cassette Z1of 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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apparatus for optim zing an el ectronic conponent placenent order used in a
pl acenment 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 el ectric conponent of at |east one type of electronic conponent
nmoving to a suction position of a placenent head that includes at | east one
nozzl e, 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 & 48 Ic iafc Gompeweand. o@topti mi zati on apparatus including: a task
informati on storage unit operable to store task information for each task,
each task informati &nfithc Emioddmear a pl acenent order of el ectronic 128
conponents in the task, (b) placenment positions, each of which indicates
where a differ entrhenes émib e sgl@ehr DBIEC KOFRERENSHd Sihéh P8R! Afedarand (
) a feeder position indicating a position of the feeder that supplies the

el ect roni C s¢@uReNLRt 85 &nkl hekeRpIEN ERAN7upiet € nerate an X
coordinate list by regrrangﬁngethe9t§gEQFﬁf%r§gtF§% ?g?ggl%BPgs%?eg ‘as to

be in scendi ng ; | f. placene position of a

el ect rﬁi c corrpotrqg%ﬁlalg{wﬁ)grgc ?ﬁé‘gép%]%%grf%nstcoroﬁ%dﬂg Fhe LSS 1’rF}flglff‘??"éti on;
a second g%gerakbon uni t gggrable tg S%nerate,a 10 Z coordinate |ist by
rear r angi ng* PRe “PEsRSPAFBLHafY 8 80l aStt bhBel irShseBRAARGEBEder of a
greatest feeder Eosition in each task information; and an assignnment unit
operabl e to altefFR@t@Pyimirakion arpACIt WM of dhet fié fXhcenbddnaeat! i st
and a top of the Z coordinate list in the stated order, and assign each
task 15 a pesksiwn tihe areupbadeneniabradedl racdbr boapd trl e asdesmpBsyhi ch
the tasks were selected. Here, the optim zation apparatus further includes:

a cal cul at¢dbnauplerabetabbe danmalent atlanee s ialss s Honalr IADVEMENEaRDYAL t hat
i ndi cates a distance that the head noves if all tasks 20 are executed in

ghe pﬂ@ceﬁﬁmicnﬁ@ehxﬁﬁﬁﬂg@@daQYfféﬁe@§%§@@qﬂﬁboﬂpbhéne,Qﬁﬁ#ré@ff&ﬂ&gﬁ uni t
perable to select two tasks; an interchange unit operable to swap”the two
sel ected t@@@Scdﬂ§$hent 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
The following describes the structure of the optimization
apparatus 200.
(1) Optimization unit 203
<Component plane generation>
20 The optimization unit 203 rearranges the pieces of
component name information 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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each other in the placenent order; a calculation unit operable to calculate
a second total novenent anount that indicates a 129 di stance that the
head nmoves if all tasks are executed in the placenent order in which the
i nterchange unit has interchanged the two tasks; and an adoption sub-unit
operabl e 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
anount. Furthernore, the present invention is an optim zation nmethod used
in an optinizatgon agﬁﬁratu§éfor 0 tinizing an el ectronic conponent
pl acement 9F deFClRRACH R X TatR RRAP Pl S BACHIRONERL DTS d 8 Cdmadiogni ¢
conponents on a circuit board by repeatedly perform ng tasks until al
el ect r oni ctBBkpdREACRtES hovpimEcwd Havehdetpmppreris eadhcebef by ke
conposed of : a feeder that supplies at | east one electric conponent of at
| east one tgppoventl rameoim cheopperent f novmpgnént avssnec tiinformesiildroards5 of a
pl acenent head that includes at |east one nozzle, and the placenent head
pi cki ng uptatbd easiced@en elirethi@Bi€t assmenentngxtom kb Jeedera @inkh Rhasi ng
the at | east one picked up electronic conmponent on a circuit board, the
opti m zat i 903 apPAY Whel AEA tHH MGk d Boh@ehdn? RARE LN A58t YTy Sﬁu%%r abl e
to store 20 task information for each task, each task i1 nformation including
(a) a plﬁggﬂgnt order of electronic conmponents in the task, (b) placenent
positions each of which indicates where a different one of the electronic
conponents is to,be placed nd C f eeder sition.indicating a
position of the TeedeP™PRAF™ELRP ?e%l?ﬁegigﬁratggeﬁ?rBH?ﬁ Eﬁﬁp%ﬁéﬁﬁs? and
the optim zatiop, nethaod including: a first generation step of generating an
X coor di nak qu%tiﬁy Yea¥FAMF ng EREN IKOVRT dPREHASE fYAMRONERTBSREMEO as
to be in descending order of X coordinate of placenment position of an 5
el ect r oni clebppbaeren |tHmt incindepl the mame 3 dreddy sadhthasiraurfemat i on;
a second generation step of generating a Z

10 arranged in descending order of XY speed.

Furthermore, the pieges 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 toagroupSP2. SPlandSP2 indicaterespective XY speeds,

and the XY speed of SPl is greater than that of SP2. In each
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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 step of alternately selecting 10 a task froma 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 placenent order according to an order
in which the tasks were selected. Furthernore, the present invention is an
optim zation 15 programused in a conputer for optim zing an electronic
conponent pl acenent order used in a placenent apparatus that places

el ect r oni cOéohPR RPN tEE FIBRAREBDAIRNRF AEpRE NI DT deArrgdiagks
until all electronic conponents to be placed have been placed, each task
bei ng conpesderopf: camperdrt thantsupplies at 20 | east one electric
conponent of at |east one type of electronic conponent noving to a suction
position of a placempshehtapléihat reaekugsmahtdeast one nozzle, and the

pl acenment head picking up at | east one el ectronic conponent fromthe feeder

and placing the ehel sin 08 RILKEM 1R 08l CGLT OMbEn CAMONENT 20Nsa 1 ELECUI t
131 board, the conmputer including: a task information storage unit

oper ablege t t i o] h , ch task infarpoation
includfﬁg g% §£g?%§§%E%émé§éEﬁtc#héﬁécfighi®%%§ g%eﬁ ssFﬁpPﬁggtggﬁ? (b)

pl acenent positions, each .of, which i ndi cates,_ where_a di fferent _one_of the
el ect r oni CB%IB%B%EI? slcfesnhctlogloe\g]byagga, CIRRPRTYE LAERF IS PCoRLRRBRcat i ng
a position,of the feeder that supplies the electronic conponents, and the
optim zati bR BPOYFEARS mitding 3 g e gedeianiloronpepent géarerabrhg an X
coordinate list by rearranging the task 10 information for all tasks so as
to be in descendTkg amtdev zgtiRncubidi 263 sedfeqtisas armstit coowionient plana

el ectroni c conponent |ast in the placenent order in each task information;
a second gEnemathnongstepabdhigeneompongna glanesdi nat eisi stppyse&athangi ng
the task information so as to be in ascending order of a greatest 15 feeder
posi tlon idompoherBskided©f fibéd Oy end 8OmPsHe S Eithe Skeprof pahtaanghel y
selecting a task froma top of the X coordinate list and a top of the Z

coordi nat gpdd stibis (9181 SRS BKefhe next component plane.

Intheoriginal component plane 521, the optimizationunit
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 component 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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and assigning each task a position in the placenent order according to an
order in which the tasks were selected. 20 Furthernore,the present
invention is a conputer-readabl e recordi ng medi um havi ng recorded thereon
an optim zation programused in a conputer for optim zing an electronic
conponent placenent order used in a placenent apparatus that places

el ectroni c conponents on a circuit board by repeatedly perform ng 132
tasks until all electronic conponents to be placed have been placed, each
task being_conposed of : a feeder that supplies at |east one electric
conponent of1at0 PA4ATRHAE /3OS LRE axeASM 22 EEnponentTHOPRgNLBaR18kCt i on
position of a placenent head that 5 includes at | east one nozzle, and the
pl acenent Heat PPTKigtplp tée Fenstedneurbertabrics iddmpeneraltudmtekeaf eeder
and placing the at | east one picked up el ectronic conponent on a circuit
board, thetooaputietbamolusimiidateed @6k dmbainat ¥ @i 6lcamgelatrist” yopesabl e to
store task information for each task, each task 10 information including
(a) a pl acene%rp#ﬂm Honf AEHtOB 6 neOFRORES triest th dIratE plRhep! 2g&MENt
positions, each of which indicates where a different ‘one of the electronic
conponent s, ,i p e bt Lndi cat | sition
of The Teotor “tRar Tsupa oo RS LFLaf SEFELaRBEALLED LOTHATHED] Enbe
optim zati am i ncl udi ng: first .generatjion step of generating an X
coordinate8$F§%gg§n$%a£?a%%i%%l?ﬁec?%ikdgﬁ 0 h%%lon for all tasks so as to
be in descendi ng_order of X coordinate of placenent position of an

el ectroni c conpoheritta BRRRER YSRFINRREADRY Sor BRE FRT HhiAR ik updfot Pt i on;
a second 20 generation step of generating a Z coordinate |list by

rearr angi e EPays koNpPoehht Pbane Rhant orbeinalastane meter dél other
greatest feeder position in each task information; and an assignnment step
of alternapbhyesdwaexigcampaskntr pharmes ppcafcd et o6 cododiaiahembestofind a
top of the Z coordinate list in the stated order, 133 and assi gni ng each
task aoposetiorandidbeepl fesnireathdidi®onent plane to each next component

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 intheexit candidate list for eachoriginal component
15 plane, and writes the calculated total number of exit candidates
to the area corresponding to theexit candidate list. An example
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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according to an order in which the tasks were selected. Furthernore, the
present invention is an optim zation apparatus for optim zing an electronic
conponent placenent order 5 used in a placenent apparatus in which a feeder
that supplies at |east one electronic conponent of at |east one type of

el ectroni c conponent nove to a suction position of a placenent head, and

t he placenent head picks up el ectronic conponents fromthe feeder and

pl aces the el ectronic conmponents on a circuit 10 board, the optim zation
apparatus including : a plane generation unit operable to generate, for
each el ect Bynrepeenpogebhitypeocadureng rRlyraloitmo reh tcouipame ntth @tl ankes| udes
positions in which electronic conponents of the type are to be placed, and
arrange thangemngeatredonpmpentnplahasearensacpeedetenry sedeetdar; a 15
rearrangenent unit operable to rearrange the conponent planes; an optinum

path generation gRit repeLaRLE hesgeRpkat %heWiaffBE@m%ﬁ‘EEoﬁ@HngSBEdHE%Ue’ an
h t h t and 3D

opti mum path that connects the conponents on the conponen ane; a

pat h gener gt | i e tQ. r.at es 3D. t hat. connects.the
omponent AsAdsEhh Db EER S PR s AT AR hcR: G- HoREAT B ane
witht paths within other, conponent planes. Here, the rearrangenment unit

i ncl udes an extri&ﬁhﬁ?gﬁﬂﬂ%ﬁﬁﬁlQRﬁﬂhBEggﬁgiSH zﬁﬁ?o?bgl%%kﬁoﬁ RPERENt

pl ane, an exit electronic conponent, the exit electronic conponent being an
134 el ecPLBRECLEBEPGNEMR BfesthitehalhBuBbaE epemx Hesdndddarest €red from
the exit conponent on an origi nal conponent plane that is the conponent

pl ane, to btheetritremndidanpadnerit. oAnathexextbnporbidats dristt showns ianot her
conponent plane, is within a 5 feeder novenent tine; a cal culation sub-unit
oper abl e tbIGal Byl atke it ecaddindadtge nadtalmereents ’pl ane and e3ch naxt
conponent plane, an exit candidate count that is a total nunber of exit

el ectroni c1epapenertis, RMIiGRHeUH@1 freipchzori gidsd, CORPOAeRLiRhane, an
exit candidate total that is a total nunber 10 of exit electronic

COMPONAN! ScoftpSFLRE'd UhSUB 4l & APRIARIR 02 7€ 0Ly 2P Aldhdite £BERONEN!
pl ane havi ng smal I'est exit candidate total and set the selected original
conponent 8%80@” 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 “1”, “2”, “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, theorder of two component planes is determined,
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as a first conponent plane, and sel ect a next conponent plane that has a
greatest exit candidate count with respect to selected 15 the first
conponent plane, and set the sel ected next conponent plane as a second
conponent pl ane; and a conponent plane interchangesub-unit operable to

i nterchange the first conponent plane and the second conponent plane in a
conponent plane order . Here, the extraction unit sets a square-shaped
area, each 20 side of the square-shaped area being a | ength correspondi ng
to a novenment time of a feeder, and a center of the square-shaped area
bei ng a posi & onCAREPECAR BXRReefecEPBRPECBENPOABALBis to be placed, and,
if an el ectronic conponent on the next conponent plane falls within the set
square area, judgessegaenthg, pltheempitidBSatidweadnibvefSntreperetss thess
than the feeder novenent tinme. Furthernore, the present invention is an
optim zati@éasoetibed pisetbddimn epbultiabi onthpparddts f ftHr ptbibdnagtan

el ectroni c conponent placenent order used in a placenent 5 apparatus in

which a feggsﬁegb@tinwmﬁrﬁéd,l £as!, eBRp8heat HIRNe COMARNSnLh18hel east
one type of electronic conponent nove to a suction position of a placenent

head, and ﬁheaR&aEﬁQR”EoHSSQeﬂkcé%?HQ gl ectronic conponents fromthe feeder

and pl aces the el ectronic” corpon s on acircuit board, the optim zation
met hod 10 i ncluding: a. plane generatjon ep_of generatinpg, for each

el ectronic corrpgm%t RFFaLzak Or‘r’ag‘i‘?n’a‘fy2@5%?@%%%etggatpli‘?ﬁ¢%d8§
positions in which electronic conponents of the type are to be placed, and
arrangi ng TPRPERARE AP HIGHEAR Hrarddnenl 4Sprastatdrrtrethn dhdeprdgr
rearrangenent step of rearrangi ng 15 the conmponent planes; an optinum path
gener at i orP5teprpengehcp b2 nag, Aok erhnedchncohpdneay - pl ane, an optimum path
that connects the conponents on the conponent plane; and a 3D path

generation step Ndtgenbatt ithg aoBidmpagéneéhatedonrneotrdinhbe teonomeakipl anes
, by connecting the path within each conponent 20 plane with the paths

Wi t hi boot hednd&DdPOaanis tdlehas asRur éhenpbedn the, BreEsSNéoi AYEAEHER1LE, an
optim zation programused in a conputer for optimzing an electronic

component { AGRAIRNMa ORHRI orgee 1 theP GBI sRPPREM Uss b WRhal12 fgeder
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 followingprocessing
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.
3) If a path occurs that causes a loss in tact, the
optimizationunit 203 divides thepath, and generatesaplurality

of clusters.
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that supplies at | east one el ectronic conponent of at |east one |36 type
of electronic conponent nove 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 conmponents on a circuit board, the optim zation
programincluding : a plane 5 generation step of generating, for each

el ectroni c conponent type, an inmagi 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 order; a
rearrangenent sté&pDopathagenayihgonhe conponent planes; 10 an optinum path
generation step of generating, within each conponent plane, an optinmm path
t hat connects thehewyinetast iom the tcoOp grertr atleansa t A dannd2 tiaidithe
generation step of generating a 3D path that connects the conponent pl anes,
by connect chgstBesPah he ik NidinSaedn € PRONENTn AN Witk hheepatBs , Wsbhin

ot her 15 conponent planes. Furthernore, the present invention is a

comput er - ¢adabt g 260k Ahad e M MNAVIG | Aekdechd @{ie@%a%ﬁi%%ttieg}i_ﬁati on

programused in a conputer for optimzing an el ectronic conponent acenent
or der ed_in,.a placenent.a ara% S in which a Peed r. 20 _that su %ies at
Teast dne. SRt BRI LARR T o S Polal e chEie it TerEa TR B B hponent
nove to a suction Eosition of a placenent head, and the placenent head
pi cks up eFEEPPBRRE BbAPBnents fromthe feeder and places the el ectronic
conponents on a circuit board, the optimzation programincluding : a plane
137  generati on{ 3} eprEerpehbeat horageruebeh2@f ect roni ¢ conponent type, an
i magi nary conponent plane that includes positions in which electronic
conponent s of t hEhe yipef cmaa ttim b e tplragedunah 6 hasganglahe lgerte matiean
conponent planes in a predetermned 5 order; a rearrangenent step of
rearrangi ngxibecangpoaeat Lpsanes ; an optinum path generation step of
generating, wthin each conponent plane, an optinmum path that connects the
conmponents <Plane list>
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
thereof 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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on the conmponent plane; and a 3D path generation step of generating a 3D
path that connects the conponent planes, by connecting the 10 path within
each conponent plane with the paths within other conponent planes.

I ndustrial Applicability The optim zati on apparatus of the present
invention can 15 be used to inprove efficiency of placing electronic
conponents in a placenent apparatus that places the electronic conponents
on a circuit board. 138 r'l~ime 1. An optim zation apparatus that

optim zes a placenment order in which electronic conponents are placed on a
circuit board »dy desrwibaebeerpliecemend tppee &ttses deScuietebn ahérest

assi gnnent of each type of electronic conponent to the placenent

appar at usesshamibeed Heterm ned in advance, and a first placenent tinme has
been cal cul ated in advance for each placenent apparatus, each first

pl acement tine b§3i.P%ﬁefé@oﬁ@%@r@%f%’%tirﬁ‘&ﬂf&ﬁ%aﬁ% s to place

el ectronic 10 conponents assigned thereto accordin irst assignnment

on the circuit bpgaL i 3 | rat. conprising..an assignment
unit operable to se?feocftﬂﬁ”v\%{gofdgtﬁlﬁ%%cgﬁgg %te%?)’asr %P’ulsde1 ,OgtéJrr%Jc%&,‘ ¥¥F each
of the two selec%gd gé cenent 15 apparatuses, one type of electronic

b

conpongnt ThRTT R “assigned to the placenent apparatus, and determ ne
a second assi gnnment by swapping the two selected types of electronic
conponents bet weth) tHe-tiRe Pphceverrlhmreratisens by chhe wrtimizamion
operable to calculate, for each of the 20 two pl acenent apparatuses, a
second pl atrP@FRtes 0@ equired for the placenent apparatus to place on the
circuit board the electronic conmponents assigned thereto according to the

second assi gnnerithe dod lawiagsigseeiteadopbivbhinaidf operableoperathopis by
referring 139
by the optimization unit 200, with use of the flowchart in FIG.
10 55.

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
S501). 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 8503), and generates a 3D path 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 list

(step S510), selects the original component plane having the
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to the first placenent time and the second placenent tinme, one of the first
assi gnnent and the second assignnent that has a snmaller placenent tine. 5
2. An optimzation apparatus in an el ectronic conmponent placenent system
further including two or nore placenent apparatuses that place electronic
conponents on a circuit board, the optim zation apparatus optim zing a

pl acenment order in which the electronic conponents are placed on the
circuit board by 10 the placenent apparatuses and conprising: a first
assignment unit operable to assign each type of electronic conponent to one

of the pl adewest: appar aidisBisdatidieredy] dedespi 8509y 4 hhiSvhaasirgamRMed or
each type of electronic conponent; 15 a first calculation unit operable to

cal cul ate, skoeceash REQ%%ﬂeﬁﬁl@PFa§@EH§angeE'%ﬂélgfgégg”%ftbgﬁgo%%%kred

for the placenent apparatus to place al l'ectronic conponents ssigned

thereto acopiingeiByt be Lhesk, 238l onn ntascg&&?&gzg” G Boprdio A second

assi gnnent unit operable to's | acenen

pl acenent a tuses, sel far t he two Iected | acenent
apparatuseng g ﬁﬁ&?ﬁﬂne(iﬁ%%Qﬁﬁ&s gaéAVQH%ﬁn Ehﬁéﬁﬁr§§§96W&&QC)the
pl acenent apparatus, and determ ne a second assi gnnment by swapping the two
sel ect gg§eﬁﬁlégectronlc conponents between the two placenent 1,40
apparatuses a second cal culation unit operable to cal culate, for each of
the two pIacenenIfaﬁﬁurasaiestiansécbndoplaﬁenhﬁuxiimetepqmsmaj;fothbhe

pl acenent apparatus to place all electronic 5 conmponents assigned thereto

accordi ng tptihezaetcondiraiSSegBedts t Heomidntdtid theatdd e atd @ﬂi?@ﬁﬁ'&i on
determ nation unit operable to determ ne adoption of one of the first

assngnnentc@mﬂoheﬁtspmaﬂésasﬁhgnﬂsﬂﬁefhabmgaaehﬁscanahea£685a9£ﬁ§eﬂﬁ@t
time, by conparing a greatest 10 first placenent tinme and a greafest second

pl acement %rastééeram dfhex it rSind! BEQEN S thly85180d I NE 13800 o

pl acenent tines
10 step S511 and repeats the processing.

(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
S531 to S535 for each component plane.

The optimization unit 203 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 S533). If there
is a loss in tact, the optimization unit 203 divides the path
that is the cause of the tact loss, thereby generatinga plurality
of clusters (step S534).

5.3 Conclusion
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calculated for the two placenent apparatuses sel ected for interchanging by
the second assignnent unit. 15 3. The optim zation apparatus of Caim 2,
wherein the first assignnent unit includes: a conponent count storage
sub-unit operable to store, for each type of electric conponent, a
conponent count of el ectronic conponents of the type; 20 a placenent tinme
cal cul ation sub-unit operable to calculate ( i ) for one electrical
conponent of each type and for each placenent apparatus, a reference

pl acenent tinme required for the placenent apparatus to place the electrical
conponent, and (Acgoféineatcd tthepe idftleleatiodio@ntconpagenargndomponeaeh 141
pl acenment apparatus, using the conponent count of the type, a placenent

time requigednéorartd@chleaa@ENt o ARRAS ALY 81 P BGe ki @8Rt and
conponents of the type on the circuit board; and an assi gnnent

det er m nat it r-abl : m j h I i mes
calcuIatedéfghégg%ﬁﬂ%flgggdgggggégﬁ? gggggétE@%éﬂi%ggégéﬁhgygéﬁggggn£ '
el ectronic orr%onenté an_assi gnment _ of eleggronic congonen s of the type to
one of t he T ACorent AP AL hodS CRBLRUN Frk LHOTRE S5t PO F AP EPRESBE O ai m
3, wherein the second assignnent unit assigns a type of electronic

conponeént ,1% &% GABRGPERE B 18I LR tehi é‘néo?régr%?ﬁ-% EhafafORBRCHAI y be
pl aced by a particular placenment apparatus to the particul ar placenent

appar at us,theeocapsingmiepl abes ig perevahed brsconeechpipotineypaveriroeaeh types
of electronic conponents. 5. The optim zation apparatus of Claim4, wherein
t he seconctcagsomrme il and itk ihgnpatht rpanothelreminmmentc piparent Thhat has,
from anong the placenent tinmes calculated 20 for each placenent apparatus

and each tefiods ¢heCiort&s€PaRANESbe dePbAGEHEA} ahidEnsPBéS @hd HaRt a
predeterm ned value, to a placenent apparatus that is upstream nost anong

bl acement ARRALALLIEESRNGRENE b AETBACLE B0 SHB detethitfled PhoggLeE M ned

val ue, the assignnent being perforne priority over other 14
10 movement tact.

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) The present inventionmay be methods 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, a CD-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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types of electronic conponents and ot her placenent apparatuses. 6. The
optim zation apparatus of Claimb5, wherein each of the first calculation
unit and the second 5 calculation unit includes: a conponent count storage
sub-unit operable to store, for each electronic conponent type assigned to
t he pl acenent apparatuses , a conponent count that indicates how nmany
el ectroni c conponents of the type are to be placed on the circuit board; 10
a total tine calculation sub-unit operable to calculate, for each pl acenent
apparatus, a total placement tine indicating a total time for placing all
el ectroni c reésoponeat edsai gned to the placement apparatus; and a pl acenent
time cal cul ation sub-unit operable to 15 calculate, for each pl acenent
apparatus and eaEhrthpemofe el €lod rore £ecio nporearitiora melyvabenthe tomputer all
el ectroni c conponents of the type assigned to the placenment apparatus, by
mul ti plyi ngrbgeasalsyul ahed diefialalpl aggRENt dramsnittdde eanponentceeynt of
the type of electronic conponent, and then dividing 20 by a conponent count
of all el eebhfilhg oELIBRNANES, gsv%%ggfgsg%da Q@Feha&&mmi@@%@ﬁ%ﬁmge' n
the first calculation unit and the second cal culation unit set the
respectd ve_calcul at ed_pl ac ti as.the fir | acenent tines and the
second!%la8e§%%%o?%n§£,WﬁhggEgégs%g§%F9§Fy}S7?eR%%S§%€? i"Z&ti on appar at us
of Caim6, wherein each of the first calculation unit and the second 5
cal cul ation unit FFRERSHRRCS FBGEESS Bt PRCRARURRY Do Rt UF % FBR
sub-units equal in nunber to the placenent apparatuses, and a pl acenent
ti me recepthdh p-udas 2 RiprqrrAceII YU RAL DAEPEYUNERS MEFITys oAt AY
respectively to the placenent apparatuses, 10 the request generation
sub-uni t othpwosputergaivgraacenmd t heppamproces soyperedentng aecordéngi f yi ng
a type of electronic

to the computer program.

10 Furthermore, by transferring the program or‘the digital
signal to the recording medium apparatus, or by transferring
the program or the digital signal via a network or the like,
the program or the digital signal may be executed by another
independent computer system.

15 (2) The present invention may be any combination of the
above-described embodiment and modifications. 7. Effects of
the invention

As described, the present invention is the present
inventionisanoptimizationapparatus inanelectronic component

20 placement system further including two or more placement
apparatuses that place electronic components ona circuit board,
the optimization apparatus optimizing a placement order in which
the electronic components are placed on the circuit board by

the placement apparatuses and including: a first assignment unit
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conponent, and a conponent count of electronic conponents assigned to the
pl acenment apparatus, each tact calculation sub-unit cal cul ates, based on
the 15 output 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 placenent tine, the placenent
time reception sub-unit receives each 20 placenent tine, and the first
calculation unit and the second cal culation unit set the respective

recei ved placenent tinmes as the first placenent tinmes. 144 8. The

opti m zati opeapbaeataasefigd aaohbtypkerfeeheeaebnot t¢hepdhenst twabeael ati on
unit and the second cal cul ation unit includes a request output sub-unit and
a placementhbi NB1 4 8&ROLE OMh Siratiides AN RAEH| AceERAL ndpBar At Ui Pst
includes a tact calculation unit, the request "'generation sub-unit outputs

to each P'é‘&&%ﬂ&eﬁ?p%@ W {Yhe {JQGQEEEk‘E@nEﬁE%@Hn’&tﬁ taypffifét
el ectroni c conponent, "and a co nent  colnt of €electradni ¢ cdnponents

[ dt h t , .10 h .t act | cul at.i it
cai el at eso2 bALEE S5%T B 5UPBAF APy Be PSR IEE Sind PorpoHbrRLEBIETt a i me
required for the placenent apparatus to place the electronic coa%gnents on

the ci Pcui *PBREFHYS arfll otEPutRladrderd &dme: €8 EeEnERE ENReP L3RS bcenent
time reception sub-unit receives each 15 placenent tinme, and the first

cal cul ati caPPRrataadQ ipdasecand ekecirenioranfonaidts eReigaspetheyeto

recei ved placenent tines as the first placenent tinmes. 20 9. The

opti m zat i arcappanqttostlod fCratmssigumengisoreable afrdinet boastl; easecdadi on
unit and the second cal culation unit includes a request output sub-unit,
conver si ona$ihghifleh €, ul BE ot AP B eI BRLURWLSp LA G¥RERE £OHYEL S HEs

sub-units, and a placenent tinme reception sub-unit, the
from the placement apparatuses, select, for each of the two
10 selectedplacement apparatuses, one typeof electroniccomponent
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 apparatuses;
a second calculation unit operable to calculate, for each of
15 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 unit operable to
determine adoption of one of the first assignment and the second
20 assignment that enables a shortest placement time, by comparing
a greatest first placement time and a greatest second placement
time fromamong 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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145 conversion sub-units, the tact cal culation sub-units and the
reversi on conversion sub-units being equal in nunber to and correspondi ng
respectively to the placenent apparatuses, the request generation sub-unit
outputs to each placenent 5 apparatus, a type identifier identifying a type
of electronic conponent, and a conponent count of electronic conponents
assigned to the placenent apparatus, each conversion unit coverts the

out put type identifier and conponent count to a fornat conpatible with the
correspondi ng 10 pl acenent apparatus, each tact cal cul ation sub-unit

cal cul at es, basediceprdhrgdontéet etk tgpes tirderinirfs eanaftf eunpsnephievadt , a
time required for the correspondi ng pl acenent apparatus to place the

el ect r oni cof piiperarhs Mimddice Did Roté& ebeand twaiah PLd qutient digpaphetukaked 15
pl acement time, each reverse conversion sub-unit converts the out put

pl acenent tine tgepef arymlricarnald Hhgnant hmtiftemagtiiﬂémié:oa APRpLALHE. the
pl acenment tinme reception sub-unit receives the 20 converted pl acenent

times, and fi I at.i i e nd C i nit set
t he respec?é@%trgéé%ség,gggn&é??e§gg%ggg%en% fﬁ%%%“agﬁﬁ#ég#ﬁgé@y%%a%%nent
tinmes. 146 10.. The optim zati on apparatus of im2, for changin
ovenefit SRRTCE T GRRHIT 5 of ST & RESEE 2h FL RS 4PE L e AEehLs

el ectroni c conponents are placed thereon, and further caonprising. 5 a
novement s?)‘é StEPSged M AC T abLBe; 32 Le bl 2L EPR SHR~ Wddr APRERPAENEC speed
information for each type of electronic conponent; an assignnent storage
uni t oper & kculbate drig, fpsronmehecypicefl edmpenent ©coapbrieme aad for

assi gnment of the type of
each placement apparatus, a reference placement time required

for the placement apparatus to place the electrical component,

10 and (ii) for each type of electrical component and for each

placement apparatus, using the component count of the type, 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 to determine,

15 using the placement times calculated for each of the placement

apparatuses for each type of electronic component, an assignment

of electronic components of the type to one of the placement
apparatuses.

According to the stated structure, the electronic

20 components are assigned to the placement apparatuses based on

a total placement time calculated using the reference placement

time determined for each type of electric component and the

component count. Therefore, electronic components can be

reliably assigned to the placement apparatuses.
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10 el ectronic conponent type to one of the placenent apparatuses; a
selection unit operable to select, fromthe plurality of placenent

appar atuses, two adj acent placenment apparatuses; an extraction unit
operable to extract slowest novenent speed information having a sl owest
novenent speed anong 15 el ectroni c conponent types assigned to a pl acenent
apparatus that is |ocated upstream nost of the two sel ected pl acenent
apparatuses; an extraction unit operable to extract novenent speed
information having a faster novenent speed than the extracted 20 sl owest
novenent speed iH#E nethorsdeand afmprnert rohite MhpRTRHD t8 fedPaset gned
to a placenent apparatus that is |ocated downstream nost of the two

sel ect ed pilaaenEnii@ppangbueas;, dwbra aephgcamenttypes oferaldetroniepl ace
the extracted novenent speed information with the sl owest novenent speed
147 i nf ididdntd N e PAVESBIY 56sthdéed Wymat pant stolageplumddémedd . The
optim zation apparatus of Claim?2, for optim zing an el ectroni c conponent

2 SoETET EEEATEN O\ R ESEIESL 0 B At Fins {omtoppite

suppl i es one electronic co | east one type of

el ectroni ¢ conponent noves .to a_suct.i.on it o{: | agerpiL: head, and
t o
t he pl ce%éerﬁn?é)aqf & valt% EEHPEM 88’%%0%'5%?5 ¥§%Bt§~g %eder and
pl aces the el ectronic conponents on a circuit board, the optimzation 10
appar at us FMWRREeDprising: a first selection unit operable to sel ect one
of the electronic conponents and set the electronic conponent as a first
el ectroni ¢ conpdvreanrding iloc Ghat $Hated stoperEls e & pagépeslag) BEPROMf ¢ 15
conponents other than the first electronic conponent one at a tinme, set the
sel ect ed edlesmttriomn Lc cooppoeent ass aasedgnedeltectar grixt icompohaptacement
calculate (a) a head novenent tine required for the placenent head of the
pl acenment fparatws. t 0 T fetat | teley élootaopdsi tdamporteerts t bé fihst
el ectronic 20 conponent is to be placed to a position where the second
el ect {gni G LAMRANEN fyvpd Ge bl 3eadadil) plakeadeh GR¥eseAtultBoaeduired
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 value, to a placement apparatus that 1is
upstream-most among placement apparatuses having a placement
time smaller than a predetermined value, the assignment being
performedwithpriorityoverother typesof electroniccomponents
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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for a feeder that supplies the second el ectronic conmponent to nove to the
pl acenment head suction position if the second electronic is to be pl aced,
and ( ¢ ) a return novenent tine required 148 for a feeder that supplies
the first electronic conponent to nove to the placenent head suction
position after the second el ectronic conmponent is placed; and a sel ection
unit operable to select, based on the head 5 novenent tines, feeder
novenent times and return novenent tines calculated for all electronic
conponents other than the first electronic conponent, an electronic
conponent éteatannhg camponentsl that @riecptanpdridniow sndrd arkars s hendd r st

el ectronic conponent, that is to be placed next after the first electronic

10 conponetb.thkd1ddeneart appaabtap tharal atusset @ eheddwifswreapt $ tdei ng an
el ectroni c conponent placenent order used in a placenent apparatus that

pl aces el ectronig. COMQNENLT PRedf £1E€Ud1 ORI D b t aRaat RE| ye &SRA OF M Ng
tasks until all el ectronic conponents to be placed have been pl aced, each

k bei ’ f ' '
component “SF aRF kY gt hy RSt uap T SHIRA SR, ERb ER e MU on

it f | head. t hat_ | des at | east | d_the 20
bl acerent PESEABLCATh] OpCatT % A8 TORAS B ERE BRSO BHP o  S TR 1 ceder

and placing the at | east one picked up el ectronic conmponent on_a circuit
board, thef@®fthaPLacrBRANEARRARAIIRA ¢ ReFORBARFI &GN thASKIBF SR TRE i on
storage unit operable to store task 149 information for each task, each
t ask i nf orhevimany sdlegdirog icayompphaseaedii tdiedEyprefare der benptagefpoment s
in the task, (b) placenent positions, each of which indicates where a
di fferent ohe afrdudie doactr;oai totahpmments licalbaibe plhbheeditamserfaltleg a
feeder 5 position indicating a position of the feeder that supplies the
el ectroni ct6 WIS, for each placement apparatus, a total placement
10 time indicating a total time for placing all electronic
components assigned to the placement apparatus; and a placement
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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a first generation unit operable to generate an X coordinate |ist by
rearrangi ng the task information for all tasks so as to be in descending
order of X coordinate of placenent 10 position of an el ectronic conmponent

| ast in the placenent order in each task 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 greatest feeder position in
each task 15 information; and an assignment unit operable to alternately
select a task froma top of the X coordinate list and a top of the Z
coordinatepﬁP§FmFﬂttHé”%%éW%HhOFE%rF°§H6n§§§igﬁ“@ébh3faﬁkeaeé§§tﬁpadcin t he
pl acement order according to an order in which the tasks 20 were sel ected.
13 . The opfPmePrrabitort-yasparatdsdefidiagmb?, 4 orowmpbhnenzi mgpuart eb£chilani c
conponent pl acenent order used in a placenent apparatus in which a feeder

t hat suppl eéscatrohéasicompenenest raysignkd0 to co@opeatefénat appashtgae type
of electronic conponent nove to a suction position of a placenent head, and

the pl acemenbrbeadepiakta ek €ELHORME t CUPOHSEE %o&‘d’l@%&@&f ?Egééméﬂ‘é
pl aces the el ectronic conmponents on a circuit board, the optim zation 5

appar algls fyhbNehn COOPLBLAG,:E: P! 4G CRRLA! LN Yl ki 000rall 8.t o, gegerate,
for each el ectronic conponent type, an'i magi nary conponent % ah F ]t
i ncl udes pQsikti ' mhicﬁ electroni c conponents of the type are to be
pl aced, angglé?&ragln%sg%ﬁ%ﬁg g8 e?aa][e%tbla%o%ﬂfb'ﬁ%ﬂg %Yaﬁ%%f‘i‘ée Brf HdeREPHE ned
order; a reaggangenent uni t ogerable to rearrange the conponent planes; an
opt i mum pat h°gBREF at FORTURRLCBHRE LB eSED ™ Yohkf af8Uahi LRi AUBRGR EBnbbAent
pl ane, an o tinun1€ath that connects the 15 conponents on the conponent
pl ane; andPa23ENPRAE RPFETEtaSeSn Ui & Faresnd tongaraareqite an STb panhtt hat
connects the conponent planes , by connecting the path within each
conponent phaneaal tda el giaitdrs sukt-hind tet herreeppaddenty respectively to
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 outputs the calculated
placement time, the placement time reception sub-unit receives
eachplacement time, andthe first calculationunit and 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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pl anes. 20 14. The optim zation apparatus of Claim2, wherein the first
assi gnnent unit includes: a conponent count storage sub-unit operable to
store, for each type of electric conponent, a conponent count of the type
151 of electric conponent; a placenent tinme cal cul ation sub-unit operable
to calculate ( a ) one of (i ) with respect to each type of electronic
conponent and each pl acenent apparatus, a reference placenent 5 tine
required for the placenent apparatus to place one el ectronic conponent of
the type on the circuit board, and ( ii ) with respect to each type of

el ectroni ca@@ﬁﬁ@ﬁéﬁ@SandTbamf@racmom@t@m@emnﬁetemem@@t aganent
time required for the placenent apparatus to performa task to place one of
t he type obeetzktubatedcdonponendaife orittthéheisttmidtxeand, tide lhasdndigi ng a
series of operations from picking up the el ectronic conponent through to

pl aci ng t happheatiueeisc conponent, and (b) with respect to each type of

el ectroni c conponent and each placenent apparatus and with use of the

conponent count, yarpl, A68RRM £ tiHEE £l @G &s@ch%t&taﬁ 1P| AR TR S2RRAAL US
to place all electronlc conponents of the type on the circuit boa ; and an

assTgNEPN! cPLe1ALIBL AR SURsYL o ARSI P! Saq 2L, SRS SEETENL Appal At us

and for eac ect’ronf ¢~ conponent’, ko) aSS|g use o

cal cul at ed Iacenent tines Q 20 of eI ni ¢ conponent to one of
the pl acen@rﬂ?cﬁﬁﬁBFaﬁH%eegecTB l?ﬂeqp"‘gjptanﬁtz'a?fl r‘F AFREDF 2BPET RS
wherein the first assignment unit_includes: a conponent count storage
sub-unit OPRY aBinelusiast dr dactorcalsulatdpin pppt, ofWharedty | the ompanest, a

conponent count of the type of electric conmponent; a placenent tine
cal cul ati oper@bauhPn PeTWbleondputs to each placement apparatus, a type

identifier identifying a type of electronic component, and a
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
eachplacement time, andthe first calculationunit and the second
calculation unit set the respective received placement times
as the first placement times.
According to the stated structure, each placement
20 apparatus has corresponding tactcalculationunits. Therefore,
appropriate placement times that can be 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,

107



calculate ( a ) one of (i ) with respect to each type of electronic 5
conponent and each pl acenent apparatus, a reference placenent tinme required
for the placenent apparatus to place one el ectronic conponent of the type
on the circuit board, and ( ii ) with respect to each type of electronic
conponent and each pl acenent apparatus, a reference placenent tinme required
for the placenent apparatus 10 to performa 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
el ect roni c COBEERERE, THRI Wb)tsui t RAFEsFEAC UG tdeh $YpeuRitel eEEVEHsE
conponent and each pl acenent apparatus and with use 15 of a tool that

si mul at es 6paveriséns wib phrateheandey mnanenias éue grecdet sumpobennicount of
each type of electronic conponent, a placenent time required for the

pl acement a&ppatahusrioonl ace-ahite) eche ofd e capaletisvmoisubhantitreadd t he
circuit board; and an assignnment determ nation sub-unit operable, for each

20 pl acenepheafpadad iisn 2BAvEREi8aCHub YR ©f 1Rlieet EQNAT IGPANRRERt o bRa
assign, with use of the calculated placenent tines, the type of electronic

conponent : égégggg arat u . opt.l.o I
appara?ﬂs %?rgggPﬁégagafg% c angfﬁdgf fgé §ﬁ§a5%§¥% g%ﬁét?%hg?éﬁgkg%g to
the circui td en the el ectroni c copponents. ar | aced t hereon,  and
further conBererhg TS oSt i EOBR OR LDk T E5h eGP ERBBAr o
tact 5 information for each type of electronic, conponent; an_assignnent
storage unfPPBpRFEBI @ t'yRE drentidiegadAepypeYEng et detio Rifc CEBRHERBAE, an
assignment of the type of electronic conponent type to one of the placenent
appar at useS°MBCBRNEct @HA i Fomperante couptsaifectlettommihecpnnpaknty 10 of
pl acenent apparatuses, two adj acent placenent apparatuses; an extraction
unit oper abseigneétbrtactpommsit apparanfier rachao e sigrausl beesertact
anong el ectronic conponent types assigned to a placenent apparatus that is
| ocat ad upshéeantpost tobet hdehta fSeireciRll qungear@IY ARPAE atdISESFoRa N

extraction unit operable to extract tact information

compatiblewiththe corresponding placement 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
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
receives the convertedplacement times, andthe firstcalculation
20 unitandthe secondcalculationunit 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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having a faster tact than the extracted slowest tact information from anong
el ectroni c conponent types assigned to a placenent apparatus that is

| ocat ed downstream nost of the two sel ected pl acenent apparatuses; and 20 a
repl acenent unit operable to replace the extracted tact information with
the slowest tact information, in the tact information storage unit. 17 . An
el ectroni ¢ conponent placenent system conposed of 154 at | east one

pl acenent apparatus that places el ectronic conponents on a circuit board,

conprising,.the.at |east one placement apparatus, and the optim zation
apggratusggPefngﬁ$2,l%£QﬁWﬁ' QH‘FR@ Q? ¢ %qggﬁiaﬁ%aﬁ@ﬁ@ﬁﬁegﬁﬁ%Y%EE%dpIaces

the el ectronic conponents to the circuit board in accordance with an

assi gnnent 28ePERMP AP Bydt ke foptak Ralnes & Facat DS aceBeALt A RRTIERLS -
apparatus the places el ectronic conponents 10 on a circuit board, wherein
the pl acenent apparbhermeyteacdde heegonpohenest bon tie dinr gni¢ldoarchin
accordance with an assignnent determ ned by the optim zati on apparatus of
Claim2. l1&offondumt qutddanzait eystreimhodnpseddidt an 0phisti Ak | I @RRaAt us in
an el ectroni ¢ conponent placenment systemfurther including two or nore

pl acemsnt appasatus ehatthaladd 26¢ cekeehs 8Nk snSHBPNEBLS, Qﬁr%u?t!trl%ﬂz:]d board,
the optim zation apparatus optim zing a placenent order in which the

poor ot Ls Al HHEORRAL IR LH R R GaBIrLOGs o hdn AR RoBlablie ASETEN!

appar at uses, e optimzation ne 0 assl step of
o o0 EPES P e S Sa L o ESTPRIEIL b one oLt hE BLSCTER,
el ectroni ¢ 1550ner?€sng%geg.{a;lcgd fghresi:[eocnal ggldaj?rilcolnuﬁr? : %f mgglex%gll'r?tsi neg’df of
each pl acé ‘ pee
storage unit operable to store circuit board movement speed
10 information for eachtype 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, fromthe plurality of placement apparatuses,
15 twoadjacent placement apparatuses; an extraction unit operable
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
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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apparatus, a first placenent time required for the placenent apparatus to
pl ace all electronic conponents assigned thereto 5 according to the first
assignments 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 pl acenent apparatuses , one type of electronic conponent
that has been assigned to the placenent apparatus, 10 and determ ning a
second assi gnnment by swapping the two sel ected types of electronic
conponents between the two placenent apparatuses; a second cal cul ation step
of cal cul aekhgacted madmeadit iheetinwon fbacenbnt wappat Bt USesesx Recendnt

pl acenment tinme required for 15 the placenent apparatus to.place all

el ect roni cspeBRODAAGSmABSbANEn YRS iy G Y@ d ¢nirBemaesBRdsASSLganent
on the circuit board; and an adoption determ nation step of determ ning

adoption of,p,epe of the first assignnment and the second assignnent that 20
enabl es a shortest placenent tine, by conparing a greatest first placenent

ti d t t i the fi t I t
i mes and the. aeRonaafae ol foetRita bLIRCHLPR, SRt G0 as Shufefgnl™"
apparatuseiﬂfelec ed for interggagagng by the second. assignnent unit. 156

20. An “opt I 25PF bROPrEg et LB CAT IS LD FRFESOF hhg o nsdiheail Breefpdnent

pl acenent system further including two or nore placenment apparatuses that

pl ace el eciPBATr2tednpdrigiandnt Boaas peti tobeaeekd tthe &mspeed oftthezing a
pl acenent order in which the electronic conponents are placed on the
circuit boapstbgamherpteseneppanppas at uses, the optim zation program
conprising: a first assignment step of assigning each type of 10 el ectronic
conponent to oneFafthdengptacetmat pp@paiat Usesntiher eoYafleb St ka0 Gnfi rst
assignnment for each type of electronic conponent; a first calculation step

of cal cul adppidirat Qs re2ebHINAGANRMN APPBE AbHSe cBmbbheh tRl Akt & d8r
required for the placenent

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 Dboard, 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;

acalculationunitoperabletoselectelectronic componentsother

thanthefirstelectroniccomponentoneatatime, settheselected

20 electronic component as a second electronic component, and

calculate (a) a head movement time required for the placement

head of theplacement apparatus tomove relatively fromaposition

where the first electronic component is tobe placed toa position

where the second electronic component is to be placed, (b) a
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15 apparatus to place all el ectronic conponents assigned thereto accordi ng
to the first assignnments on the circuit board; a second assi gnnent step of
sel ecting two placenent apparatuses fromthe placenent apparatuses, -
selecting, for each of the two sel ected pl acenent apparatuses, one type of
el ectroni c 20 conponent that has been assigned to the placenent apparatus,
and determ ning a second assignment by swapping the two selected types of
el ectroni c conponents between the two pl acenent apparatuses; a second
calculation step of calculating, for each of the |57 two pl acenent

t
appar at use5©e4eLcBGHEREPEcEHBERI T T WRL $R Gt T & fegidath&haitasurphd e pdeat us
to place all el ectronic conponents assigned thereto according to the second
assi gnnment sefcpieldatadni heemrpnenid ts iy eato phedl adement nead sncdtiop of
determ ni ng adoption of one of the first assignnent and the second
assi gnmentpobhatienabfesha sbosidsdletacenbentid ite bédypleaer@ar and g gr @at est
first placenent tinme and a greatest second placenent tinme from anong the

first placesedint h&esmant thke SOCANT&d ety ddqams thd tcabipphatad ther the
two pl acenent apparatuses selected for interchanging by the second

assi gnment £ ppit -e@ctr%miccoawﬁ@ﬁéﬁeg%arp&@e &%cmggggceﬁghu%é%}/isﬂgt&%m ded

t hereon an optim zation program use in a conput In an ectronic

f incl udi I
b at us A FEEFSR) afeL[{ls MskBEe bRERhELREe onbondR & pTAFEY: o

conmputer optim zing a pl.acenent. order in which the el ectronic conponents
are pl aceo’gé:‘r’?rﬂer%tlg?r} Hﬁil PR P LY ttonéegFﬁEeﬁ%arﬁecgﬁﬁa?%? eas mpygment
optim zation program 20 conprising: a first assignnent step of assigning
each type BINes eéLLIRTATHEHIIhNeHABAE e IO RN deire 2pparalased |

thereby determning a first assignment for each type of electronic
conponent ;fdB&11l 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.

Accordingtothestated structure, 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 first
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;andanelectroniccompopentselectionsub-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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a first calculation step of calculating, for each placenent apparatus, a
first placenent tinme required for the placenent apparatus to place al

el ectroni c conponents assigned thereto according to the first assignnments
on the circuit board; 5 a second assignnment step of selecting two pl acenent
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 t h&Yt filbepPpeediehen appuratits dor sheeebadt ren talinmmesttep ogther

cal cul ating, for each of the two placenent apparatuses, a second pl acenent
ti me requi tednf ahet lie rgtaedrentocappacaimpeonieatpl ace all el ectronic
conmponents 15 assigned thereto according to the second assignnment on the

circuit board; apdcaprdadgptbophéesesriadifiesied, of Hahfl Mg AgeRt i on
of one of the first assignnent and the second assignnent that enables a

shortest pkaegients ti/iRe QY LANMA[ 'ﬂ]ﬂ?é greal efée%éfsltnoggmglagcﬁgﬁgt il e

and a greatest second placenent t| romanong the firs acenment “ti nes

and the: se menf 4t ulated far the two cene p aratuses
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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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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
component, an assignment of the type of electronic component
type 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

extractmovement speedinformationhavinga fastermovement speed
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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
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
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
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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Furthermore, he 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

ihformationthathasbeenreplacedbytheinformationgeneration
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

generation apparatus for changing movement speed information

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; andareplacement unitoperabletoreplace
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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assigned to a placement apparatus that is located upstream-most
of the two selected placement apparatuses; an extraction step
10 ofextractingmovement 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 information generationprogramused 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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() - 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
placement apparatuses; andareplacementunitoperabletoreplace
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 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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thanthe firstelectronic componentoneatatime, set the selected
electronic component as a second electronic component, and
10 calculate (a) a head movement time required for the placement
headof the placement apparatus tomove relatively froma position
where the first electronic component is tobe 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
15 secondelectronic 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 to move to the placement head suction
position after the second electronic component is placed; and
20 a selection unit operable to select, based on the head movement
times, feedermovement timesand returnmovement 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
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operable to select, as a next electronic component to be placed

after the first electronic component, an electronic component
10 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
15 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
20 electronic component placement order used in a placement
apparatus inwhich 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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10b OAb&'é% move relaéfvely frc&?a p051t£%n where the first electronic

10 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 (c) 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 step of selecting,
basedon 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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10 a calculation step of selecting electronic components other than
the firstelectroniccomponent oneata time, settingtheselected
electronic component as a second electronic component, and
calculating (a) a head movement time required for the placement
headof theplacement apparatus tomove relatively fromaposition
15 wherethefirstelectronic component 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 to move 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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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 and set the electronic component as a first electronic component;
a calculation step of selecting electronic components other than
the first electroniccomponent oneatatime; settingthe selected
electronic component as a second electronic component, and
calculating (a) a head movement time required for the placement
20 headof theplacement apparatus tomove relatively fromaposition
where the first electronic component is tobe placed toa position
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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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 foroptimizinganelectroniccomponent 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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electronic component last 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 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 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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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 electronic
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; 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 in a computer foroptimizing anelectronic component
placement order used in a placement apparatus that places
electroniccomponentsonacircuitboardbyrepeatedlyperforming
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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100Y' ! 109%gbf)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 1list 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
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.
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

electroniccomponentsonacircuitboardby repeatedly performing
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least one electric component of at least one type of electronic
component moving to a suction position of a placement head that
5 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
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 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 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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Furthermore, the present invention is an optimization
apparatus foroptimizinganelectroniccomponent 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, the optimization 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 component plane, an optimum path that connects the
components on the component plane; and a 3D path generation unit
operable togenerates a 3Dpath that connects the component planes,
20 Dby 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
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the component plane, to an electronic component on a next
component plane that is another component plane, is within a
5 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 respect 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 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
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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method used in an optimization apparatus for optimizing an
electronic component placement order used in a placement
5 apparatus inwhicha 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
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 on 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 anelectronic 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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components from the feeder and places the electronic components
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 3Dpathgenerationstepof generating
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
recordingmediumhaving recorded thereonanoptimizationprogram
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 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 program including: a plane
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' ddYNC 10Q;hich electronic components of the type are to be placed, and
arranging the generated component planes in a predetermined

5 order; arearrangement step of rearranging the component planes;

an optimum path generation step of generating, within each
component plane, an optimum path that connects the components

onthe component plane; anda 3Dpathgenerationstepof generating

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 be used to improve efficiency of placing electronic components
in a placement apparatus that places the electronic components

on a circuit board.
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5 wherein a first assignment of each type of electronic
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 two selected types 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



&10%& ()-#109%&' ()-39! 10%& ()- O i dEbC 100 o
1#10%& ()-/109%&' ()-, M 109%& ()-*"110%& ()- (L!10%& ()-&*#10%&' ()-i[_ abdYNC
100 10 10 10=10%& ()-9 ! 10%& ()-|7M 10%& ()- S5M 10%& ()-93M 10%& ()-b_dEYNC
100 Y! 10%r& () -f#10%r& ()-Ys! 10%& ()- F 10%r& ()-Y

10%r8 ()-1!110%m& () -\ OdEYNC 100 Ff

& 10%m&' () - FL! 10%r& () - 3#10%r& () - F& 10%& () - F& 10%r& () - F& 10%m& ()-0 Q
oo 10033; 10%m& () - 3( & 10%r&' () - 8#10% & () - 359! 10%m&' () - 3" & 10%r& ()
10%r8 () - 3*! () -3(& () - ' () - 3%9! -
NSNRN gsz?Rctli%éi( | POSHETENE %Hﬂqmﬂ&‘tm‘—‘-ﬁe%a@%ﬂ@qgwent time, one

L3! 10%& () - 31#10%&' ()- /9! 10%m& ()-7";"<"=">"x"""/#bC 100YL' ! 10%& ()-Y

1 109&' () - | PEo%Re (§1rst08@s {ynmamm ai0in thEmsEo%ns @5/ 1mitkttShESdEhEs a
100#10%& () - F& 10%& () - F! 10%& () - F& 10%& ()-Y ! 10%& ()-fy#10%& () - $$' %e%88&
dEbC 100 ( 9haDY&r( pl&#dnNe®t(Lime$9! 10%& ()-3Y"! 109 ()-3@

& 109& () - F&&! 109%&' () - &Z&&&' :' o' dEbC 100Y S510%&' () - &3

109&' () - 1#10%& ()-. M 109%& ()-,:!10%& ()- *9110%& ()-0o' "' """ " $(d(bC

100 M 109%&' ()-L!10%& ()- 10 10

1000 10% () F 1 1008y S TOREH eOy e o0dilt o ehosirppipscomponent
P AIRER R hT R PR T —
10 () ZI0% (): 2 V10 () (110 ) S0l (e SEL-JK L avi
theoptimizationapparatusoptimizing51placementorderj11which
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
electronic component 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 toplace all electronic components assigned
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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adoptioncﬂfoneofthefirstassignmentandthesecondassignment

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:
acomponentcountstoragesub-unitoperabletx)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 (i) 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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an assignment of electronic components of the type to one of

the placement apparatuses.

10 4. The optimization apparatus of Claim 3, wherein
the second assignment unit 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 predetermined value,
to a placement apparatus that is upstream-most among placement
apparatuses having a placement time smaller than a predetermined

value, the assignment being performed with priority over other
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each” electronic component type assigned to the placement

apparatuses, acomponent count that indicates howmanyelectronic
components of the type are to be placed on the circuit board;
10 a total time calculation sub-unit operable to calculate,
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 type assigned to the placement 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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calculation sub-units corresponding respectively to the
placement apparatuses,

10 the request generation sub-unit outputs to each placement
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 outputs the calculated
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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component, and a component count of electronic components
assigned to the placement apparatus,

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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each conversion unit coverts the output type identifier

and component count toa format compatiblewiththe corresponding
10 placement apparatus,
each tact calculation sub-unit calculates, based on the
converted type identifier and component count, a time required
forthecorrespondingplacement apparatustoplacetheelectronic
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 compatible 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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component;
an assignment storage unit operable to store, for each
type of electronic component, an assignment of the type of
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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L

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 board, the optimization
10 apparatus further comprising:

a first selection unit operable to select one of the
electronic components and set the electronic component asa 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 component, and calculate (a) a head movement time
required for the placement head of the placement apparatus to
move relatively from a position where the first electronic

20 component istobeplacedtoapositionwherethe 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

electronicistobeplaced, and (¢) areturnmovement time required
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10m -M 10%&'
cal(gulated 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. The optimization apparatus of Claim 2, for optimizing
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 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

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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10n3' 1 109&' () - 1#109%& () -
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 forall 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 coordinate 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 one electronic
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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
thatconnectsthecomponentplanes,byconnectingthepathwithin
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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calculate (a) one of (i) with respect to each type of electronic
component and each placement apparatus, a reference placement
5 timerequired for the placement apparatus toplaceoneelectronic
component of the type on the circuit board, and (ii) with respect
toeach typeof electronic component and each placement apparatus,
a reference placement time required for the placement apparatus
toperform a 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 assignment 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

152



s$10%& ()-Y" 109%& ()-'adE:/ 10
10=10%&' ()-9s!10%& ()-17 !'10% ()-S5 !'10%& ()-3 &310%&' ()-YO! 109%&' () - RxY:/
10017 10%r& () - ySH10%& () - 910%& ()- 310%& ()- & 10%r& ()-& 10%r& () -
10+c5dE:/ 10l F, :110%r& ()- 10% & ()- 10%m& ()-Y' ! 10%m& () -
10%m& () - Y10%&' ()-5w/7BdE:/ 101 3, f10%& ()-3*9! 10%& ()- (10%& ()-f&
10%r& ()-F $:110%& ()-YF''!10%& ()-Bu' +, -dE:/ 10m 10m=10%&' () -
Y7&10%m&' ()- ,59'10%r& ()- 310%r& ()-010%m& ()- .10%m& ()--.f%axY:/
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109 ()-1 109%&' (3- pihickheld=1@%&e()cdlculation sub-unit operable to
calculate (a) one of (i) with respect to each type of electronic
5 component and each placement apparatus, a reference placement
time required for the placement apparatus toplaceone electronic
component of the type on the circuit board, and (ii) with respect
to each type of electronic component and each placement apparatus,
a reference placement time required for the placement apparatus
10 toperforma task toplace 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 atool 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
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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comprising:
a tact storage unit operable to store circuit board tact
5 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 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
upstredm-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 component 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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apparatus of Claim 2,
5 wherein the at least one placement apparatus places the

electronic components to the circuit board in accordance with

an assignment determined by the optimization apparatus.

_ 18.Aplacementapparatustheplaceselectroniccomponents

10 on a circuit board, wherein
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
includingtwoormoreplacementapparatusesthatplaceelectronic
components on a circuif 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
electroniccomponenttooneoftheplacementapparatuses,thereby

determining a first assignment for each type of electronic
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a second assignment step of selecting two placement
apparatusesfromtheplacementapparatuses,selecting,foreach
ofthetwoselectedplacementapparatuses,onetypeofelectronic
component that has been assigned to the placement apparatus,

10 anddeterminingeasecondassignmentbyswappingthetwoselected
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

15 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

20 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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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

10 electroniccomponenttooneoftheplacementapparatuses,thereby
determining a first assignment for each type of electronic
component ;

afirstcalculationstepofcalculating, foreachplacement
apparatus, a first placement time required for the placement

15 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 type of electronic

20 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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21. An computer-readable recording medium having recorded
thereon an optimization program used in a computer in an
15 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

20 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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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 type of 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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