; JKe3eB?l 6@/ mmwnwn 19 February 2003 Method and apparatus for

cal i bration ofkmm path and/or of an angul ar position of a hol ding
apparatus in 5 a dgyhse for producing electrical assenblies as well as a

cali-bration substrate 10 15 20 25 30 35 The invention gel o80%et hod,

an appar at(gﬁ %&%ﬁiﬁrat ion substrate for calibration Ig‘#ﬂ?gahgvem::nt pat h

and/ or of %5 o of * % ¥t di ng apparatus in a device for

pr oduci ng 1% j.r;%tcﬂin assenblies, in particular for placing conponents on
printed circui oards, as clained in the precharacterizing clauses of
patent claiml1l, 6 or 9. In the past, by way of exanple, a calibration

substrate hdkeod £dNESFachfesi toPoasdibastibressf bt hedewicht giathr | i ke

nodel s of th con%gnents at _ defi ned El acerﬁnsnt hg(il nts in ordzr tq calibrate
a nnverrentarﬁg/t%'a /3F &RI%hyhl BPShbsPEi 8h Bf "RIAGPEi AGPAFAAFS 0 in a ___
devi cesf ora pdediice nfloel peddicahgasteabtiesl Thsembdéks asewied 1t liss caseE=
transportead éif{‘gf’a zi #Paﬁ@e calibration substrate on the hol di ng==

appar at us, anhalogously to e transportation of conmponents from feed %n%
to the placenent point on a printed circuit board. In this case, it I =

normal to use a glmss Dhedgr W Cheistss mMban hetfol,i RhedpParuids board =Bl
has centeri né; mar ks jsn |t€_corner regl ons, .as a cgl.hbr t.ion s%bstrate. E___
gl ass pl atFIuht chS#5BFavioRd WHPRCHBEDI ef8F deG2adREGHET i Ph o with =
spray ladhescvements ipsert ethd/io tde devi emgaliach, dowitExaanples, iss in the
form of an,guspmmt beoplaegeenl, MRCRNE:e apdy { BEoRAR LG0T Wl dh fent er i ng
marks is then deferntned by means of a position-reso \CITi ng printed circuit
board canme?@semPthes autiBhabad thicadarentOfachl A6l NTheCTRPIIRAES orPTsubst rat e

is then figtedcadit h ragels tof covmements ak poidisindd ch ane defided
relative _tort e centt__erinjgnmatri(sl.l The po ul atted gl ass. pl gte can then be
measur ed i A SRrFORSCRAYEIDY I A RUFET SO R hodt wht_HE For eREnpt e,
15 In the past, by way of example, a calibration
substrate like a printed circuit board has been fitted
with disk-like models of the components at defined
placement points in order to calibrate a movement path
and/or an angular position of a holding apparatus in a
20 device for producing electrical assemblies. The models
are in this case transported from a magazine to the
calibration substrate on the holding apparatus,
analogously to the transportation of components from
feed units to the placement point on a printed circuit
25 Dboard. In this case, it is normal to use a glass plate
which is similar to a printed circuit board and has
centering marks in its corner regions, as a calibration
substrate. The glass plate, which is provided with
double-sided adhesive film or with a spray adhesive, is
30 inserted into the device which, for example, is in the
form of an automatic placement machine, and the
position of the centering marks is then determined by
means of a position-resolving printed circuit board
camera in the automatic placement machine. The
35 calibration substrate is then fitted with models of
components at points which are defined relative to the
centering marks.
The populated glass plate can then be measured

in various ways. In a first method which, for example,



GR 98 P 2471 Foreign version - 2 19 February 2003 is known from US
5,537,204 or fromDE 42 27 667, the popul ated glass plate is inserted into
an optical measurenent nachine. The small gl ass pl ates have defined
mar ki ngs whose position is determned relative 5 to thqgc,eégr%hp@o% ks of

t he gl ass pl @tc?eEj n gthe E’S’%%igfn' QG JAehi ne. The position discrepancies from
i"deal i r

the desire position e used to determne correction values in the
coordinate directions and with respéct-to the rotation position, and these
correction values are 10 entered_as correction paraneters in the automatic

pl acement ifackn@¥l Hi¥h Vakesddécodbht Bt fReBe Rff 4% eparki’es Hhen

conponent $oif sdisequents y pheitkg plsacedsemted niadoci kaui bpkeards. The
prior art Cernman Patent licati

fn 15 19 14(7)(%611. Sﬁpubii hed as_ WO

98/ 42171) RS HF Ry FOPoR a fuft hEF3et 358 t Pt e%OpﬁFé{Fed gl ass
pl at e bei rig fpeslirezr binghewbosat pdsdition tihodeternieed ralehévaut omatic
pl acenent chine. Al e, ~th i I Lgujdt, board mer a
recorgg I oe(gl Q%é rgggﬁg%ggﬁn&%égggn ?_t s_eqfrlpéel B}lﬁéé\ii ﬁwt\ﬁm g?f rgﬁgrence
mar ks ar e IFSHMEW R EMEnYl adBepPasd ficegcdifranantise SePRnéEBenar ki ngs

on the snaldsideassiqdaAt gsos ditbriisese theéd t6l abt¥empasi tbehewtiBnr espect to
one anot her to deter e, correspondi correcgti og}EZS val ugs whi ch are
i

ine th n
Chon takery3HHEF SoboUNt GHeTC Eohporoht S aF i befig BEAReRSSREBE: Ped oi roui t
boards. Howeverqtathieomrpaseticnr cant Bdewse carerest imvevehees ewe

I ndi vi guale pamerp dist ord i of+ W Chok 5.8k Esul @Rl y tREONQURERE tWt h short
focal length 30 objectives. Wien carrying out neasurenents for automatic

pl acenent MRIAHIE WRERNERARs opthiich " sBREBF ufiGCPEIthg dSed tReSEnber of
tinmes in tdissdfasassSied hivhedi t yohpoAentsUl 48 i BUSERMAE ISy ebedhy i N the

range 1 S um. .35 The object. of the invention is to specify an inproved
nmet hod ancPla%c%%poar} aﬁﬁfs&éo(g %ra‘ﬂ‘%ltoﬁ)%lf %" t he novenent path and/or the

angul ar position dfha h@irdiorg appérat@srmana ®atiee f oApplodadiiog
el ect f50al1 97119, Foby UaK,B003nCR 98P T lodorel o) Venslona1-2aq assenbl i es
can be calibrated, using an optical sensor device which is provided in the
device it sefgposed a further method, with the populated glass

plate being measured by the printed circuit board

camera in the automatic¢c placement machine. For this

purpose, the printed circuit board camera records local

20 reference marks in its field of view, which reference
marks are provided on the glass plate, together with
the defined markings on the small glass plates, and
uses their relative position with respect to one
another to determine the corresponding correction

25 wvalues, which are then taken 1into account when
components are being placed on printed c¢ircuit boards.

However, the printed circuit board cameras have
their own individual camera distortion, which is
particularly pronounced with short focal length

30 objectives. When carrying out measurements for
automatic placement machines, with this optical sensor
unit being used a number of times in the process, this
situation results in systematic errors in the range
+ 15 um.

35 The object of the invention 1is to specify an
improved method and an apparatus, by means of which the
movement path and/or the angular position of a holding
apparatus in a device for producing electrical



19 February 2003 GR 98 P 2471 Foreign version - 3 The abject is achieved
according to the invention by a nethod having the characterizing features
of patent claim1l, by an apparatus having the characterizing features of
patent claim®6, and by a 5 calibration substrate havingof Bg, % g%g&kﬁg|2|ng
features of patent claim9. In the nmethod according to the I nvenhtion, the
optical sed®0P8a”lvafi hgBousignfvessiofh all neasures the di stance between a
first correction mark and a second JL?%QIrection mar k usi ng the appar at us
according to the invention and us=ng e calibration substrate according to

the i nventiof.mbhni 48 ¢hcage &Q§§Br§9é&ecﬁé¥ﬁdmﬁ%s ?E@c%&méé¥E$P the

calibration- substrate (the glass plate predeterm ned nom na
separatloddeﬁh%elﬁhﬂ?gtéﬁc@rﬂﬁiéﬁdhb% %%ndﬁg%%?n?ﬁéﬂ £s conpared with the
nom nal separation to determ ne a sensor correction factor, which is taken
into account when determ ning the position of the individual nodel s on the
calibration substrate. This nmethod results in the 20 optical sensor being
calibrated accurately in alimted region of its field of view (partial
mappi ng). I n the advantageous refinenent as clainmed in patent claim2, with
the respective optical structural features being in the same position
(position and 25 distance) relative to one another, this ensures that the
optical sensor is used only in the region for which it has al so been
nmeasured accurately. The nethod as clained in patent claim3 works
particularly accurately if the respective optical 30 structural features

al so have the sane or a simlar form The nethod as clained in patent claim
4 is particularly sinple and fast if the nom nal separation is chosen to be
smaller than the field of view of the 35 optical sensor, so that the .first
correction mark and the second correction mark, as well as the | ocal
reference marks and the optical structural features, 19 February 2003



GR 98 P 2471 Foreign version - 3a are recorded by the optical sensor at
the sane tine. 19 February 2003 _ GR 98 P 2471 Foreign version - 4 A
further inprovenent in the accuracy is achieved if, as clained in patent
claim5, the local reference marks are recorded at Ieaqt9 PARLS imy at
the sane point in the field of view of the optical 5 sensor as the first
correctionChaPR. ETRFS1eRQGRESTt HRESEAR sanme, already calibrated region of
the optical sensor is always used £og the nmeasurenent process. In the
advant ageous apparatus for carrying out a nethod as clained in patent claim
8, the imaginary 10heonrecitdoty |ine hehdesrd headosadimef etencectrar ks and
the structural ur rups at_ ki ght t he s..of 1 dels, so
that the n%régﬁlrjré?né}ﬁt Soilocegs %setrli?gt% made Jhra‘?ﬁde(r&’l y a%goal‘grtealcoérzeaﬁl rgf ections
on ot her efigatusest bé medeind dlkim The hyvent Repaweltishéagspidaitieel in nore

detai |l usipgagxesplaryngmbadiveds and phtbnreferences toahle pygures in the
drawi n in m/mi)ch: .Figure shows a plan view of a c&%atl on substrate

wi th el S26+PEBRPBRent SUPELEEE 0N PRVIZG Fi 2 CLEF Sl ged
detail of tbetuaksbodtpeanesnubsiaatedshown in Figure 1, with the first

correction mark angt eseﬁgﬁkq%%grargggghgﬁgggy- £FLIYLE 1 rShaws

calibration substrate 1 whic €en ‘ I'm-an automatic %feacerrent
machi ne foppr2scaleseniseal adompdaascyslw thresdells & bfmedmrescditponent s at

defined poyRksanker ddtueddrPosersthedmdeltsod aherk akgn faf oy BRZI nes,
which are not illustrated, and are transggrted on a hol di ng _apparatus (not

i |1 ustitht eGP TEECEAR R AMF B abPORTIs UG r §PRATATHR RFIHICHI hE§ are pl aced at
t he positi anveaténdednkonstimat e poslelbragtalagaish gt takd hacdsadispprt at i on

of conponents . fror devi c .fhe _plac t. posiftli rinted
circuit bog%’d.thFh?rfn‘g%&l% c%?\s‘lt"g%_&gf cg_rsrgl ﬁ:%%{%aess&%ﬁl%ét%s}c}%i%%,&%t t wo
mut ual |y deagondPPii8% disposhee edkeratiemcsUratsats ki(fhs 4kxsdpti cal

struct ural pfhaakyr eqi sHCh; 8% I LS 18%d Themgakiibr gbhapasubatrafge1 is
prOVIQﬁQ m%ﬂgtgggglwhich has been determined is compared with the
nominal separation to determine a sensor correction
factor, which 1is taken into account when determining
the position of the individual models on the
calibration substrate. This method results 1in the
20 optical sensor being calibrated accurately in a limited
region of its field of view (partial mapping).

In the advantageous refinement as claimed in
patent claim 2, with the respective optical structural
features being in the same position (position and

25 distance) relative to one another, this ensures that
the optical sensor is used only in the region for which
it has also been measured accurately.

The method as claimed in patent claim 3 works
particularly accurately if the respective optical

30 structural features also have the same or a similar
form.

The method as claimed in patent claim 4 1is
particularly simple and fast if the nominal separation
is chosen to be smaller than the field of view of the

35 optical sensor, so that the first correction mark and
the second correction mark, as well as the 1local

reference marks and the optical structural features,



19 February 2003 GR 98 P 2471 Foreign version - 5 reference marks 3 at a
short distance fromthe markings 4 at these points, with these |oca
reference marks 3 being applied with high positioning precision. The
markings 4 and the reference narks 3 are 5 sufficientlygEgsR, W%d@r t hat
they fit into a field of view 7 on a position-resolving optlcéﬁ sensor
which is neRinPBdPoR4dlpFasehsnt VREAEORor the conponents. This pl acenent
head can be noved in such a manner. tyiat_the sensor can be positioned over
all the marked corner 10 regions. The position-resolving sensor is
connect ed apeevakuaticanvel enkr optesadhsehsare agblract gatlet @igiene the
relative position of the markings 4 with respect to the respective
reference mark 3, without the sensor needing 15 to be noved in the process.
A controller (not illustrated) for the placenent device has an eval uation
nodul e whi ch processes the individual discrepancies between the markings 4
and the reference marks 3 to formcorrection paraneters for the machine.
These 20 correction paraneters are transferred automatically by the
controller. For accurate calibration of the optical sensor, a first
correction mark 5 and a second correction mark 6 are applied to the
calibration substrate 1 with a 25 fixed predeterm ned nom nal separation a.
In this case, the optical sensor first of all neasures the distance between
the first correction mark 5 and the second correction mark 6 and uses this,
in conmparison with the nom nal separation a, to determ ne a sensor
correction 30 factor, which is taken into account when determ ning the
position of the nodels 2. If the optical sensor now subsequently measures
the position of the local reference marks 3 relative to the markings 4 and
if the sane region of the field of view 7 is used in the 35 process as when
nmeasuring the first correction mark 5 and the second correction mark 6,
then the relative position between the marking 4 and the | ocal reference
19 February 2003 GR 98 P 2471 Foreign version - Sa mark 3 can be

determ ned accurately by taking into account the sensor correction factor.
The best possible accuracy is achieved if the point inthe field of view 7
at which the first correction mark 5 was neasured 5 corresponds



19 February 2003 GR 98 P 2471 Foreign version - 6 wth the point in the
field of view 7 at which the |local reference mark 3 is neasured. The
marking 4 is then |located approxinmately at that point in the field of view
7 at which the second correction mark 6 was 5 |ocated. {Bhgghi@fyl2ogpd n the
use of a region of the field of view 7 of the optical sensor which was
pr.evi ousl yGBRsé€é ®héA7detersignnygetheosensor correction factor, thus
resulting in the desired accuracy in,the measurenent of the automatic

pl acement machi ne. 10 The markings 4 are arranged relative to the | ocal

reference marks 3 phn tdiscase syehJddind helf i gR@i naydegonecting line is
at right angles to the edges of the podels. This mnimzes the influence of

i nt er f er en@ehi8FPEctifons28n AR MPshsin eRPENERSF THRIM5 1 elfRE vEPTRSI ti on of
the mar ki ngs feirbhceesRetds taronceeiodd@rat 12ak? RalytainA003, at is

clainmed is,_. 1. A nethod for,calibrating.a travel pat d/o n gul ar
position thS hotoff n&oég&i cE | Elhgn f)%g?a_toué ?\;ngeqoqu]p%?lﬁg é)??ﬁ?gg circuit
boar ds Wi t Beosaporentishie cHhp3t scogreteicneperst . Toqu pplawFes celtébrati on
substrate iRed GBRABS Of rSadyi MAG IS t AOAH Wokth shiaul gbé pasy of the

conponents that define placenent |ocations; obtaining via an optical sensor
an opti cal F§RERAs tPedLYFASi HiSRetREch LI FEESHAGTEBEORIOEESEect i on mar ks

that are applied onnt hthecaddidmtd e saibsppatetat Fopr egetwFiigesunon nal
spaci ng whi_ch is}hd'ffere t .thgcﬁ sai d c%ptical . measur.ed spaci ng;

det erm ni n§ &"$EHEOr 2RorTtt1Sh HAcERBY conphli hy the ogT?%Jal #3Y measur ed
spaci ngf t o coheestiingal L Spachagyesai dheensorakorefetriconef awaks tande t aken

i nto consi delatiep,&fyfafURSRAUSREs Peshti Qnal rdeher mnaidontaf the
simul ati ons for caonpensation of an qptical distortion of the optical

sensor; an§9@&Se iy "odd Ssuise S i e DR Br AT PagFont By
det erm ni ngoa pmadei opadflet hebgi raddhitians Ir elratfileettionsocah reteeence marks
of the cali%r %i%% %%E§h{ t e based on positionally defined opti cal

structure fedatures on t éj%éai Ml at i ons by said optical sensor. 2. The net hod

for cal®brating ac@dvwediimyearns igmiwi il wher eknlaispdciing mfre hdetaspecti ve
local refergneg nBkksy {40/ EhSoHERRREL! WROPL] € relrkbehiee fLatyLes 1s
sel ect ed approXi nmately equal to the noni nal spacing; and
igures in the drawing, in which:
Figure 1 shows a plan view of a calibration
substrate with models of components placed on it.

20 Figure 2 shows an enlarged detail of the
calibration substrate shown in Figure 1, with the first
correction mark and the second correction mark.

Figure 1 shows a calibration substrate 1 which
has been fitted, in an automatic placement machine for

25 electrical components, with models 2 of those
components at defined points. For this purpose, the
models 2 are taken from magazines, which are not
illustrated, and are transported on a holding apparatus
(not illustrated) to the calibration substrate 1, on

30 which they are placed at the position intended for that
purpose, analogously to the transportation of
components from feed devices to the placement position
on the printed circuit board. The models 2 consist of
small glass plates which, at two mutually diagonally

35 opposite corners, each have markings 4 as optical
structural features such as crosswires. The calibration
substrate 1 is provided with local




wherein a position of the optical structure features relative to the | ocal
reference marks corresponds to the nom nal spacing of the second correction
mark fromthe first correction mark. 3. The nethod according to claim 2
wherein a shape of the |ocal reference marks and the opb ggdruaby Y008 e 0
19 February 2003 features corresponds to a shape of the first and second
correcti onGRaPRsP 447FhEoxeiandvasedpding to claim 1l wherein said nomi nal
spacing is selected smaller then a_figelLd of view of the optical sensor; and
wherein the first and second correction marks are sinultaneously registered

by the opt r@@bréaaeomaris AN a@pRarsidst fdzrsﬁmudopmgn PER g i K @sli tS
boards with ¢ nent s HSlggWltt ca i rat# ubstrate e U|pﬁed in a

manner of & pr %F%l?‘&h’l“ggboﬁﬁ' Pat SFePHE ts at
defi ned preenganbdaadiwﬂSh saghd pabnbnahﬁng smbsusabe havi ng | ocal

reference marks thergonand alsofisal and seoand.ear reeLion ymarks, the

first and second correction rks being spaced apart pr edet er m ned
nomluﬂ5spééﬁﬁgCléﬁGl§a@dQ§ﬁnﬂQﬁﬁQﬂﬁ¥fﬁﬁ@%gtBEV|é&F @ﬂﬁﬁnﬁnﬁ%$%%tures

thereon asqfBRrKIdNIST & @CIngF!'tﬁlgnhQé@om&\ih@g optidddi nge rdﬂ:&lrlfcﬁhi&ll@r eoln for
transportin nents and .al so e .Si tio an optica nsor also on
t he equi ppll%g Wg‘ SFoPude p]‘r‘? c,eg\%r‘g:r (ﬁeia% éor r%\’/éel PR brﬁéjn angul ar
posi ti on oblsakedent| diesg dwan cee prhdswnjsmmmcalmgamam ek apheval uati on
el ectroni cgogapnrected tQ S%Qr??&h&&' o%f‘élsog éObEr?é N3G @y 0P ifﬁék' y

measur ed spacing between saird first and sec correction nar said
predeﬂé}nlﬁéélﬁ@ﬁlnal spaci ng being different then said optically nmeasured

spaci ng; by use of Tsai do@s/ﬁrlwftw@s@i@mcﬁO@Ie@%oandlgvaidmtelc@rédm@lw e
connected to eval uation el ectronics det gd sensor or rection
Sanan Bgd ety

factor by &J AG7Y I e&ptﬁoc%qi/ %Ja%rbr@ﬁes & oMt naf€spaci ng,

sai d sensoredatriget irors iftdonor ft dhize nakamgsntd mnﬁslde$9$¢bntonthe
subsequent RQgietdrandl ateimaatian, of, the oy sl ogénggf ﬁ@gafﬂgat' on of

an optical tortion of the optl sensor; br uar
provi dithg &°cort§ ol &% ce ifor trhé%el RFPGeSAH d @ens‘%ﬁn@tﬁlﬂeﬂl ohT‘P‘éct or from

sai d eval uaml@@trﬂa@élde and fore mr&dé@dénmgdmw&mis 0£nsavglﬁauwﬁl ng head

with the holg Q% thereon salg contr g gether with said
out put frof° S Fﬁ i BACH5a0FE d Psrn%ﬁ sOhEEHTRATCPBE ti onal
det er mi nat b@rtvmerdetbe mninkg n@sposi tanoh et h@ﬁsarmncaatlmmskseﬁat tve to the

| ocal refe e st n saj tica
NG xSl S &fﬂéanbé@éf pobstiple RasRdnon sahdsep

structure e sl nmu atlons use o sensor .
correction parameters are transferred automatically by

the controller.
For accurate calibraticon of the optical sensor,
a first correction mark 5 and a second correction mark
6 are applied to the calibration substrate 1 with a
25 fixed predetermined nominal separation a. In this case,
the optical sensor first of all measures the distance
between the first correction mark S5 and the second
correction mark ¢ and uses this, in comparison with the
nominal separation a, to determine a sensor correction
30 factor, which 1s taken into account when determining
the position of the models 2. If the optical sensor now
subsequently measures the position of the local
reference marks 3 relative to the markings 4 and if the
same region of the field of view 7 is used in the
35 process as when measuring the first correction mark 5
and the second correction mark 6, then the relative
position between the marking 4 and the local reference



6. The apparatus according to claim5 wherein the correction marks, the
| ocal reference marks, and the optical structure features are crosses. 7.
The apparatus according to claimb5 wherein an inmagi nary connecting |ine
between the | ocal reference marks and the optical struolt%JngErJa%txP@?

t [ ation.

proceeds at._l eas oximatel y perpendicular to edges o e sinu
8. A cali b%%t ?gng’sgggﬁrgPéngP ﬁgesgﬁncal ibrating a travel path and/or an
angul ar position of a holding devi-€eszn an equi ppi ng head of an appar at us

for equipping printed circuit boards with conmponents, conprising: a

substrate maykngs a qrur ki tgeoérmimed atdansraifelgt edlyr i takingmiomnesnt s

posi ti onedathgngen ;ch%at%%néb&mlc@tr'r@et@%\ﬁ' N A e S ReE 'B’eestogscss%aﬁf(f% ructure
in e nar

features as a markin ereon; a respective local referen or each
si mul ati on?GFERaFKe 1S AANAEYSAs Idei it poriRt oledthei rfg etlide afespleati ve
optical struciturehfient wies Eheseordrfedrddr | RAERY 4 hgasi MU ahians rel ative
to thegesggg&%g kacal reference marks; and first and second correction
marks on the Substrate which are spaced from one another at a predeterm ned
nom nal spaci ng where said predeterm ned nom nal spacing is at 10 19
February 2003 | east approxi mtely equal to a spacing between the respective
| ocal reference marks and the respective optical structure feature marking
on the respective simulations. CACA A T96. A L AYT T AS(T L AT AF(TR2. A

| ". ANY. A . Au .AN 6 deM N R
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$ 1)) FrrL L+ #19%4>2722%1444) xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca]
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local reference mark 3 is measured. The marking 4 1is
then located approximately at that point in the field
of view 7 at which the second correction mark 6 was
5 located. This results in the use of a region of the
field of wview 7 of the optical sensor which was
previously used when determining the sensor correction
factor, thus resulting in the desired accuracy in the
measurement of the automatic placement machine.
10 The markings 4 are arranged relative to the
local reference marks 3 in this case such that their
imaginary connecting line 1is at right angles to the
edges of the models. This minimizes the influence of
interference reflections on the measurement of the
15 relative position of the markings with respect to one
another.
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" 10%s BsB&CPYPEising the steps of

equipping a calibration substrate in a manner of a printed
circuit board with simulations of the components that
define placement locations;

obtaining wvia an optical sensor an optically measured
spacing between firgt and second correction marks that are
applied on the calibration substrate at a predetermined
nominal spacing which is different then said optically
measured spacing;

determining a sensor correction factor by comparing the
optically measured spacing to the nominal spacing, said
sensor correction factor to be taken into consideration in
a subsequent positional determination of the simulations
for compensation of an optical distortion of the optical
sensor; and

determining said subsequent positioned determination by
determining a position of the simulations relative to
local reference marks of the calibration substrate based
on positionally defined optical structure features on the

simulations by said optical sensor.

2. The method for calibrating according to claim 1
wherein a spacing of the respective local reference marks
from the respective optical structure features is selected
approximately equal to the nominal spacing; and

wherein a position of the optical structure features
relative to the local reference marks corresponds to the
nominal spacing of the second correction mark £from the

first correction mark.

3. The method according to claim 2 wherein a shape of
the local reference marks and the optical structure
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4. The method according to claim 1 wherein said nominal
spacing 1is selected smaller then a field of view of the
optical sensor; and
wherein the first and second correction marks are

simultaneously registered by the optical sensor.

5. An apparatus for equipping printed circuits boards
with components, comprising:

a calibration substrate equipped in a manner of a printed
circuit board with simulations of the components at
defined placement locations, said calibration substrate
having local reference marks thereon and also first and
second correction marks, the first and second correction
marks being spaced apart at a predetermined nominal
gpacing, and said sesimulations having optical structure
features thereon as markings;

an equipping head having a holding device thereon for
transporting components and also the simulations;

an optical sensor also on the equipping head for use in
calibrating a travel path and/or an angular position of
said holding device;

with said optical sensor and an evaluation electronics
connected to said optical sensor, obtaining an optically
measured spacing between said first and second correction
marks, saild predetermined nominal spacing being different
then said optically measured spacing;

by use of said evaluation electronics and evaluation
module connected to said evaluation electronics,
determining a sensor correction factor by comparing the
optically measured spacing to the nominal spacing, said
sengor correction factor to be taken into consideration in
a subsequent positional determination of the simulations
for compensation of an optical distortion of the optical

sensor; and
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providing a control’ device for 'receiving said sensor

correction factor from said evaluation module and for
controlling movement of said equipping head with the
holding device thereon, said control device together with
gaid output from said evaluation module determining said
subsequent positional determination by determining a
position of the simulations relative to the 1local
reference marks of the calibration substrate based on said
optical structure features on the simulations by use of
said sensor.

6. The apparatus according to «c¢laim 5 wherein the
correction marks, the 1local reference marks, and the

optical structure features are crosses.

7. The apparatus according to c¢laim 5 wherein an
imaginary connecting line between the 1local reference
marks and the optical structures features proceeds at
least approximately perpendicular to edges of the

simulation.

8. A calibration substrate for use 1in calibrating a
travel path and/or an angular posgition of a holding device
on an equipping head of an apparatus for equipping printed
circuit boards with components, comprising:

a substrate having a plurality of simulations of
electrical components positioned thereon, each simulation
having a respective optical structure features as a
marking thereon;

a respective local reference mark for each simulation with
the simulations being positioned using the respective
optical structure features thereon for positioning the
simulations relative to the regpective local reference
marks; and

first and second correction marks on the substrate which
are spaced from one another at a predetermined nominal

spacing where said predetermined nominal spacing is at
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respective local reference marks and the respective

optical structure feature marking on the respective
simulations.



