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1"~ Sensor device and position-deternining nmethod and their use for

control ling amounting robot The invention relates to 'a-sensor device
for establishing the 5 relative position of two mutually displaceable
obj ect s, according to the pre-characterizing clause of aim1l, a

met hod of automatically determning a position of a  displaceable robot
Wth respect to an object with the aid of the said sensor device, and a

use of the ggnsor device an application of t t hod .f or.
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particul ar for tbatrolamhgnatmouptdegssolgt or treatment of electronic

chi ps. Fig. 1 schematically shows in perspective a line of machi nes 15
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t he chi ps, e devices or exa conti nuous furnaces
for the a@r@Rglacatdopl aft the aﬁHhG@vfgﬁsc@@ﬁr@¥%9W%t%ﬂﬁﬁHﬁéﬂé?§¥8¥5§e of

the chi pgorThe 16 Rkps £t ﬁaeﬁlﬁégcsﬁ§¢8roae{rpc@§ tixeafsﬁetmﬂar fntaiened
i n magazi nes M when they are transported, machi nes Bl-B4 or
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for transporting away after 35 the processing or treatnent.
Fig. 1 schematically shows in perspective a line of machines
15 for the automatic processing and/or of devices for the
automatic treatment of electronic chips according to the

prior art.

Fig. 2 shows in a schematic side view selected elements of
20 the installation shown in Fig. 1 according to the prior art.

The journal "productronic 1/2-1991", page 112 and "European
Semiconductor”, October 1990, disclose the line of machines
schematically represented in perspeétive in Fig. 1 for the

25 automatic processing and of devices for the automatic
treatment of electronic chips. The machines B1-B4 are, for
example, "die bonders" and "wire bonders" for establishing
electrical connections on the chips, and the devices E1-E2
are, for example, continuous furnaces for the curing of

30 plastics and devices for the intermediate storage of the
chips. The chips to be processed or to be treated are
contained in magazines M when they are transported, fed to
the machines Bl-B4 or devices E1-E2 and prepared therein for
processing or treatment and also for transporting away after

35 the processing or treatment.



2* The machi nes Bl-B4 and devices El-E2 are set up in seri es.

Arranged behind this series, with regard to the transport of the
magazines, is a rail device T, on whi ch there runs a nounting robot R,
which grips, 5 noves, positions and reI%ases t he magazi nes M as

required. In Fig. 2, the machine Bl, the rail device T and the

mounti ng roboth® mwicehieps BB dnd dewicden®li-E2siade @t upewn The nounti ng
robot R trave ti 'pggg A Qr i tally.: i L deyice T. A
gripper G for@#egg kamalga é|C){ne |%d stﬁlgp%r%e%ge%évé%?egggg?%g %rguﬁ%{%ng r obot
R by neantsrafsperadvanthegragazingspe Lsard railli devage T, eoarriage H The
advanci ng car | I HRURL i .rabat :R_horizontally
and ortho ona‘f"*é&t‘%o&lﬁ% m@r%fdhjeﬁ\}ﬁlcgé%tomg{/dgﬂ%ﬁg ﬁ%cl: "he Bl and away
fromit. maviest | peshglors rang el sasamVdle aagezinesl Myasn t he

advanci ng Carfé&@fré/d. Consequently, the gripper G can be noved with
three Cartesian degrees of freedomor 20 directions of novenent with
respect to the nmachi ne Bl in order to bring the nagazine Mto the

i nt eRded INB@Eg| N, paséh' t:h&fhigilel cmd,P_azrﬁé xtahqf m&hb&eTBéﬁandhuggoad
it there, or to lp it there an ead it .away. from t here.
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adjusted in a anc ith t r i r Nt s Of . r~cat.io The
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nounting rob Rue 4L ey R0 d‘pgzgm' C@Aﬁﬁ’jéiﬁ;ﬂﬁ%h 33ifdishgctly and in a
predeterm negﬁ&ayéto t he aFai% devi ce .~ The oﬁdf cém‘mnar eference is
the floor plaferriage FprBeterdvanelnhdidaan o ishaiovakdgaginébgositions
Pl - P2 maysbe gehrPdrd Adbyerr Msr ivshisd Bifaitl Zz8%hogonalleydRbs taBove the
floor and at varjous™ pon-standardi zed . .

rail device T towards the machine BI and away from it.

The lifting carriage H is movable vertically on the

advancing carriage V. Consequently, the gripper G can

be moved with three Cartesian degrees of freedom or

20 directions of movement with respect to the machine Bl

in order to bring the magazine M to the intended

magazine position Pl or P2 at the machine Bl and unload

it there, or to grip it there and lead it away from

there.

25
This entails the problem of automating the movements of

the mounting robot R.

The machines B1-B4 are namely set up, changed and

30 adjusted in accordance with the requirements of
fabrication. The individual machines are then
admittedly aligned as well as possible at right angles
to the rail device T or to the running direction of the
mounting robot R, but are not mechanically connected

35 directly and in a predetermined way to the rail device
T. The only common reference is the floor plane;
moreover, the machines M or their magazine positions
P1-P2 may be arranged at various non-standardized
heights above the floor and at various non-standardized



3¢ "distances fromthe rail device T. Under these circunstances, to

automate the novenents of the nmounting robot Rit is necessary to nake
the nounting robot Ritself |earn the magazi ne position P1-P2 and 5
determ ne the correspondi ng set position_of the gripper G otherw se

t he magazi ne positions Pl1-P2 woul d have o be nmeasured after each

change and en&gg{gg%‘ié?%afrf&g he ‘cﬁﬂ‘ﬁé"ﬁ tthe yHeH ith@skobot R as a

correspondi ng t val ue, woul d be extrenel % conpl ex. To 10
det ect the nmaghzewespeREes onko coedtHerl, themaeneafisc@f the 5re necessary.

A sensor dEViESuﬂ@iﬁq o PER UsETi § HedddSatp to makdl TheOm@Unting exanpl e,
by the brochure "LN110/

120" of 15 the Nanto conpany. |t _essenti.al
conprises a | #8BPtaR 1tself-ib?ﬁr%om%@a%mtp%ﬁ%%%&t_%%gaﬁ ro?/, a
ph?t ode: egt or daadrﬁmnangh@-é@_fpéwe%ﬂegi esdtorpositiiom of thar grdpper
integrated in_a surin evice, and al so. a r -refl ryand, if
appropriate, @odgEEFﬁY’éEg ?clﬁa%zln%r%osdﬁjaoc}'ﬁec?l&%&’oc%deg%&%ar?g a
m croprocessobe meesofed aftéheedcimcthamge cindvendferies timdto ¢hea conputing
circuit. Using.th S o] ' | r.or [, oeam
periodical ly 588%%% Bfeﬁggeé@n%%#%n%%&;% \r/glsfavxallo cﬂ#elféesﬂoaﬁ&g?o-ref | ect or
returns the | de€rubtawaloe: hehdeh woalddes exxtlorenedy |complext €@ | aser beam

scanni ng gt adetectceﬂétﬁgéaﬁfﬁ@ ?ﬁ@iéﬁ'@ é@ﬁééjfﬂé‘cf,'eeéérfyor R&ices

phot odet éct or "generates a retro-reeflection pulse, th duration of
whi ch is i nvergel pegespar¥ional to the di stance of the retro-reflector
fromthe photo- 30 detector. The closer the retro-reflector is to the

phot odetector, the greater the pul se du}tjg factor of ., ,retro-reflection
duration to dér RepaPEr¢8VifrH ‘éhg%?i%ln UFC e s iMy. On the other

hatnﬂ, t he gggh@_se%géa?cgﬁr exaﬁp;eptb?fglegehsmamm "INl 160 A1 Q8Y et e pul se
Wi eac eri.od of the_scanpjng. . ing the cours

scanni ng 13 hetﬁ‘ﬁsgf"m%aﬁ??‘@%%ﬁes?t hgs?%?%?#%h‘g%ﬁ‘ orl,geasu S9¥er as
retro-refl ectildghusserbegi ascofibtanthg betakdmg tiwerroxr, &egi nni ng of the
angl e-ref er en%%o%%ld%%eéegrt D84 an aRGOLDPLPG cd Nt &tk QiHRGE 1 on pul se

Is directly
are all integrated in a measuring device, and also a

retro-reflector and, if appropriate, code plates, which

20 are attached on an object, and a microprocessor, one of
the functions of which is that of a computing circuit.
Using the constantly rotating mirror, the laser beam
periodically scans a predetermined angle of view. The
retro-reflector returns the laser beam to the

25 photodetector. As long as the laser beam scanning at a
constant rate meets the retro-reflector, the
photodetector generates a retro-reflection pulse, the
duration of which is inversely proportional to the
distance of the retro-reflector from the photo-

30 detector. The closer the retro-reflector is to the
photodetector, the greater the pulse duty factor of
retro-reflection duration to dark interval in a period
of the scanning. On the other hand, the angle-reference
detector generates an angle-reference pulse with each

35 period of the scanning. If, during the course of
scanning, the laser beam reaches the retro-reflector, a
retro-reflection pulse begins. The time between the
beginning of the angle-reference pulse and the
beginning of the retro-reflection pulse is directly



4 proportional to the angular position of the retro- reflector with

respect to the direction of the |aser beam at the begi nning of the
angl e-ref erence pul se. Consequently, the angul ar position or the

di stance of 5 the retro-reflector can be neasured contactl essly,

provi ded that the dinmension of the retgo-reflector in t he plane of the

~scanning to tReo33esoRERTE! the aRGhIABOPALIYVISL dherikifetdfothe Totating
mrror is known. It the known rétro-reflector is, furthernore, 10
arranged at aredfliess@rpbish sesRACBbfectheodirechisgih the laif%kct is
arranged bet welnt he kReWBehehhOnhebEeeher angle-Béifetdiecdpmilaget ector in
such a way that it interrupts t he Iaseﬁ_beanl the(gngutinﬂggircuit
can cal cul at e GoRsequentdyst tRec2RANIBESPPFORIBE PhetlH) TLtHIG A same 15
principle.s | ntfd vetaserctheceorbyahebar neagededncomeactlessihyect
addi ti onal code pl, b ich.the conputi 1 ' identify
t he obj ect. Prog’l%%ﬁsitﬂé%i ﬁﬁsdamw?& P%mﬁﬁ‘a %%%’E? ’lt:%flisélcrr% |fly’920
expl anati ons ithe plaseuwEd theascanndohpetd bthealaser beam @f at e al ways |ies
in a plane O“d??ﬁg%&ﬁ%Tﬁ&tkglkXe axi OB%heﬂgnﬁg#Xtiﬂgtﬁfrﬁﬂﬂlf%t”SeCtor of
I éw. Ff tTh | Cco t

t he angl e of € object or e plate T's oriented askew by
a known angl e knovirhe Ifnghe knowst setsp-rRElanre bf/ 25urtheEprehe

di stances, fal C&P&&r;a]%d%tt he ge@TRULI BEiRt! 68 hn objedt Pot her abjiagdwipr code
plate to the optical centre of t he sensor device are 1o be corrected
by the sine ofobject tif arzagoed besyeen| thej kngwni RRLEPFREMFHERT for the

automati C proGRssitie photodR#eetodevhceachon g enaenati Intéenipment of
el ectroni c chips, .the untlngbrobot R IS provi

. deg with 8. sensor
devi ce of the MfdasedcPEABd SHEvEOTPHEING CIXGHhE: FAY CRICH TS UH i es the
i nf or mati on spEGitfatidig a3 polsheidhsbdEntheandjposi bhothef sahe nmachi nes Bl- B4
and vices, El-E2, Qut only in th n foth kN with the
| aser be&%?orFBPfﬁﬂﬂ’ a|$? F@thEagﬁfs%ggkghgag b g%?%??%% %?r?%ﬁ. To
aut omat e t he nabjewntaidiftiohel codenplatisg bybwhieht hbeecompwting nmissing
the 'nfornat'Qﬁrcuit can identify the object.

In the immediately following text, to simplify

20 explanations it is assumed that an object or a code
plate always lies in a plane oriented essentially
orthogonally to the angle bisector of the angle of
view. If the object or code plate is oriented askew by
a known angle to the angle bisector of the angle of

25 view, the distances calculated by the computing circuit
from the object or code plate to the optical centre of
the sensor device are to be corrected by the sine of
this angle.

30 If, in a line of machines for the automatic processing
and of devices for the automatic treatment of
electronic chips, the mounting robot R is provided with
a sensor device of the type specified above, the
computing circuit supplies the information specifying

35 the distance and position of the machines B1-B4 and
devices E1-E2, but only in the plane of the scanning
with the laser beam or orthogonally to the axis of the
rotating mirror. To automate the movements of the
mounting robot R there is still missing the information



5* 'inthe direction parallel to the axis of the rotating mrror or
orthogonally to the plane of the scanning with the | aser beam since
the information obtained with a sensor device of the type specified
above is 5 only two-dinmensional which is inadequate for automating

t he novenents of the nounting robot R 5 To overcone this inadequacy by

conbi i ng 10 ACPAA aix c@‘ixhcﬁérgiléfeté Yiige ShAY fdeciRbeedisapmpl ex
and, 10 furt ernor e, |srup ve ow hg to the re:érlcted ace around

the mounting MGEEPL OF Orthﬁéoﬁﬁ}eitt‘bft}??lep}ramﬁ‘erﬂ dis ss"t W ove a

sensor deyii¢q @het hast¥PBegRECEihES AROVELTfIrmELCIiom owqamimi a 15
|cq_suff|ces in

singl e sensor supplies three-dinensiona nf or mat i .0
particul ar foWlégténﬁﬁPﬁgrtﬁ§Vlce ﬂﬁvg%%nﬁgp%ﬁ R?ﬁiﬁiﬂﬁnab° To achi eve
this objeg, @n&@’nft%—dﬁmleﬁeleﬁalhﬁhi(yhi)EJﬁOlnacmapIaﬁe eftb mtauteendddgionni ng i s

characterized cord| the Lnventio he conbi nati on of
features tgﬁ tﬁ eﬁa H?lm %PE%% ?qT%% Sensor device for
controlling a nDuntlng robot for a line of nmachines and/ or devices is

defined in O gijm o%raéggettmghegﬁaéguﬁeg;ggaéémaw%% WgHdur @ posi ti on

reference of a sensor  device is defined in
Claim16. An @Ewumeﬁtpéntbﬁ tpenspheiified eoeive olFi¢REPLlex aRdyunting

robot whiyh Yﬁ‘é ' 'alk%ﬁﬁlwt H@ihéj to thortdwaenatedliggadd ons for a

| i ne of nachlnes an devices 1s défined in Caim19. Advantageous
further G@V%H@bﬁ@ﬁt@wéﬂélaéfFﬁéa Fn the dependent cl ains. Wt h
t he sensor device according to the invention, a S|ngle scanni ng devi ce
suffices for p05|t|on|ng t he 35 HDUEtIng ro?ot with the aid of a code

field accordi ige oblad Afe thay dRVPBRIGRILS ab‘ﬁ?%%Y?a?ese%ﬁ%o for reading
i nformati on | eaaddid ichahecagpef spedéfied above in such a way that a

15 single sensor supplies three-dimensional information
which suffices in particular for automating the
movements of the robot.

To achieve this object, a sensor device of the type

20 specified at the beginning is characterized according
to the invention by the combination of features
specified in Claim 1. A use of the sensor device for
controlling a mounting robot for a line of machines
and/or devices is defined in Claim 14. A method of

25 automatically determining a position reference of a
robot with the aid of the sensor device is defined in
Claim 16. An application of the method for controlling
a mounting robot which can be moved in three mutually
orthogonal directions for a line of machines and/or

30 devices is defined in Claim 19. Advantageous further
developments are defined in the dependent claims.

With the sensor device according to the invention, a
single scanning device suffices for positioning the

35 mounting robot with the aid of a code field according
to the invention and, if appropriate, also for reading
information in additional code fields.

The invention namely makes it possible on the one hand



The invention namely makes it possible on the one hand

6 to make the conputing circuit establish fromthe machi nes or
deyi ces and fromthe magazi nes their positions and di nensions sinply
and, if appropriate, in an automatically proceedi ng operation in order
for 5 these to be passed on as inforration to the control of t he

mounting robot, a&emewe! iceapheRal tearistt 88tablisPOsid e and di mensi ons
of the nmchi nes or, devices an

d magazi nes sinply and, if appropriate,
in an aufBrRires OF SryLEss ﬁBdoﬁgP’Qt F]Bﬁ.mar%%éé?ﬁ gfr}eltrne 10 vari ous
positions of mrEgdxikes anhd demeasiots BBAPlpesnd, if cippidpriestaanhe nmoved
automatical ly Qy tQﬁE%&Lp I .ang.the variﬁus na a;&$g§ éan be handl ed
according to 29 2% Jf%ﬁ&? Progeetefid; RREHE her™ nahd® i ossible with
t he i nvents on tthese to preopadsednohhaesnminfionestiodeviceshanbmagalziates, on
t he sane .qr her. . ri : LtlQn '
pr edet er m ned tg]oes?'hugﬁlﬁl ‘r%é) g’:ti’oglﬁtgom?ﬁg%%ge%ﬂf%ﬁ: 3f9af1{'s gtcl}:eor ding to the
i nvention fur tdesitdods fansl démensiions20f thappighimésromtdesnicdsrangkanpl e
on the type of : B Re, a; ' the,like. Because the
nount i ng robofn%g%%ﬁ?ﬁﬁn§%¥§¥z:Fgﬁé_8?a?§ékg§5?$?%ha 4 code fields in
relation to tHatemdicadily preseerdagat eperatione Theeattrr, dhaoon as it
has | earngf t RgPoRid IS t3%ns dFdndigEBABESNEL Ofhé hea FBGIE NRscIOIndleVi ces
and magazi nes it is possible for it alsp to bring the further code
fields into tiRF SRJIES FheRSMOVRE SUEARPRYCALLY RY i The ITiRR®fer to read
t heir informatdr.the IRricashniaigar ipesi thAnbe ah&ndbDy@dadcotdindiet@ri pper

t hese posi.ti.ons can, noreover, be checked automatically by
conpari son of 3wmf‘established actual position with the stored
set position. The result of this check can be used for automatically

Con oL O SR MpertHAE, ALSToAEE AL Wil e, etneas. L0

provide on the machines, devices and magazines, on the
same or other code carriers, additionally and in a
predetermined position in relation to the code field
according to the invention further code fields, which

20 supply information, for example on the type of a
machine, of a magazine and the like. Because the
mounting robot knows the positions of the additional
code fields in relation to the code field according to
the invention, as soon as it has learned the positions

25 and dimensions of the machines or devices and magazines
it is possible for it also to bring the further code
fields into the angle of view of the scanning device in
order to read their information.

30 Each time positions are moved to by the gripper these
positions can, moreover, be checked automatically by
comparison of the newly established actual position
with the stored set position. The result of this check
can be used for automatically correcting distance

35 errors, which are attributable, for example, to the
great length of the series of machines or devices, and
displaced positions, which are caused, for example, by
unintended displacing of the machines or devices or by
movements and vibrations of the ground, the originally



di spl aced positions, which are caused, for exanple, by uni nt ended

di spl aci ng of the machi nes or devices or by novenments and vi brati ons
of- the ground, the originally 7

| earned positions being correspondingly adjusted. The result of the
check can also be used for detecting the absence of certain positions

olr i tens, dlEQ&n@lﬂaﬁBlthlons baingl eeﬁréswhdmgmmlmgoaceme on no

pl ace is rea n i ona zi ne osit.ion

magazi ne dlscﬁﬁﬁﬁﬂﬁg %otﬁﬁ g?ﬁ anrgg§€Qbe tsed QEﬂq%} St t %Nhlch are
not programedbisentcleof ceceaﬁhopoeitibes nenint tengs r dbit fvem ebmnghdteqgct ed as
such, 10 mhlch al | ows hIS control _to avoid collis f st nount i ng
robot with ob&tadl & ?Slg eh £8rdPEBP5é%% rece?mﬁéélﬁ%ggiﬁ%%dfﬂg¥§%“% cabl es
etc, 5 Thefomaaneddationdésmagbeine nonoatt alqesitimal femmit h 15

reference to %%%?Q&ﬂ@ BQSCEHEbQﬁH ﬁgVﬁQ?ﬁgfﬁFc%ﬁﬁﬁgadY‘ invention are al so

evident from escription Fig. 3 shows a
plan view of a retro-reflector with the 20 bar code according to the

i nvention as @lﬁﬁiKy,fgbjﬁégs whlﬂhtgréhﬁog ﬁ%ﬁﬁ%& i@ewnee of the type
specified above WS a geone aI dl%?F&ﬁ]Of t he angl e

and 25 IengFPnFéPQtP5n§ﬁﬁp@g89tﬁﬁg tohet aﬁéplbﬁ % RS sensor

device; 10  whiichSaldawandhdk eaﬁhrsmomaa@@meﬁdlmldisagmmrﬁ t he
i nes and, .30 surface areas in

le and | ength relatiopshi
ani nt or medt AREUEGPA GPPRCa aFBgBRAFACIoY | SR Aty P Gl Ly | denti cal

I nt er nedi at e tagladtines, haggmng-dawd cables etc.

The invention is described in more detail below with

15 reference to the drawing. Further advantages of the
invention are also evident from this description. In
the drawing:

Fig. 3 shows a plan view of a retro-reflector with the
20 bar code according to the invention as a mask, for use
with the known sensor device of the type specified

above;

Fig. 4 shows a geometrical diagram of the angle and
25 length relationships of bar code and light beam in the
' sensor device;

Figs. 5a and 5b each show a geometrical diagram of the
angle and length relationships of boundary lines and

30 surface areas in an intermediate field with a diagonal
line and two optically identical intermediate field
regions; and

Figs. 6a and 6b each show a geometrical diagram of the
35 angle and length relationships of boundary lines and

surface areas in an intermediate field with two

optically different intermediate field regions.

In Fig. 3, a retro-reflector 1, known per se and

described, for example, in the already cited Namco



Fi'gs. 6a and 6b each show a geonetrical diagramof the 35 angl e and

| ength rel ati onshi ps of boundary |ines and surface areas in an
intermediate field with two optically different internediate field
regi ons. In Fig. 3, aretro-reflector 1, known per se and

described, for exanple, in the already &ited Nanto

8 br OChurJ@rod:lmn‘ee,prEempﬁfbsiehtrﬂcarinvipa\unomewi btato itessentially planar
retro-refl ecting surf The retrQ- refl.ect PRL sensor
devi ce, for e&%é%ﬂé&() y pl?ﬂﬁftﬁﬁﬁg dé$éﬁﬁﬁéang gpﬁéaggfeg %b %Bg%rochure
This 5 senseflecwrel iks dart efamplsensatrt deffédeonfarr ekanple of such as
the nmounting r A Ln
principle, %§€2%§é% é?%§¥¥¥%éﬂiﬂ' }?oqﬁgfﬁégggco briéhure r?ace scattering
t he I|ght5| n 3eRIVY el el gryis, for exampéter,oadt‘cﬁf:hﬂonnu asrehdt of

retro-reflectgmy é@Ytl?é Stbunt inP & BRI R %‘é,res@ﬁft%adlﬁf F@ghkaserahgam a

different type of light beam nmay be uséd, and al so in"general, instead
of a periodicsscanning with laser light and a mrror 15 rotating about an
optical centre, a gl obal scanning may be used with Iight fron1a row of

LEDs with use_of a. row Ny hotodeafctors Agtagged on
retro-refl ect FAPEHIFEREE of q R deydce Lopy LELLP TS eﬁEOESS%ntlally
pl anar nB8k, mhrf&c@asc&ﬂterlng(ﬂhdemnghnoumta epdgublthivak, bareshaped | i nes

2 and op ' ¥ - sh | § ng i nspar ept its
ot her points. 9%%P Sﬁ&#{%oﬁﬁ@ﬂ%&gﬁ%ngr%wr% gefﬁ %oﬁrg h#gpenu%5|on
coating on a k¢ assedd aared, vinstteazb of faprlaises b&lamll & ldafdeoeet tiee

retro-refl ectyng s a8 may tHIGIREK Y flﬁgw%egen%g@ benpataged
directly with col ouri ng on the rétro-reflecfing sur ace 0 e retro-

reflector 1. 9h preekcigiic yranging Witdy dasgy digbtband a mirrghged in

front of3ghe f&éé@xﬂ@féﬁﬁi’d %%ﬁﬂﬁ%ﬁ_ cEit 3] a gnague lsbaﬁﬁlﬁgema%
advantageously bl a ql %{ | so to be _bétter per cei vabl y the
eye. used with light from a row of LEDs with use of a row

of photodetectors.

Attached on the retro-reflecting surface of the retro-

20 reflector 1 is an essentially planar mask, which has at
certain points opaque thick bar-shaped lines 2 and
opaque thin bar-shaped lines 3, and is transparent at
its other points. The mask is, for example, a
photographic emulsion coating on a glass plate, which

25 for its part is laid over the retro-reflecting surface.
The mask may, however, also be painted directly with
colouring on the retro-reflecting surface of the retro-
reflector 1. In principle the glass plate may also be
arranged in front of the retro-reflecting surface. The

30 opaque lines are advantageously black, in order also to
be better perceivable by the eye.

The retro-reflector 1 with the applied mask is arranged
at a predetermined point on the rear side of each

35 machine and device of Fig. 1, for example at the point
S in Fig. 2, at a predetermined height above the
ground. This height is entered into the computing
circuit of the robot as a corresponding default value
and is consequently known by the control of the robot,



TRe retro-reflector 1 with the applied mask i s arranged at a
predeterm ned point on the rear side of each 35 nachine and device of Fig.

1, for exanple at the point Sin Fig. 2, at a predeterm ned hei ght
above the ground. This height is entered into the conputing
circuit of the robot as a correspondi n§ default val ue and is
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so that it is_possjble for it nove the robat .in.suc a way
that the retrB-V%VlEﬁ?grkgecBﬁEEOT?ﬁﬁi%?EPEHﬁﬂQPmeS t%ﬂﬁgﬁ 8R% e sensor

devi ce. 5 ofFuitheofiotke sbescoongerwiacg. circuit of the robot is
I nformed by a correspondi ng default value where in the case of a
certain type of nmachines or devices the i ndi vi dual points of

si gni fi cafice, Fumtpbarnorel athe heomputipgsciromst auf vitieclranefadisnes are to be
brought or 10;_pi , ;o ' {rQ-

reflector 1. +R§g?5§§ ggo%aggr%%%6%§&1%€iéé#%ﬁ%éﬁﬁ%fééfwﬁéy% %%étpgbot
becones awar ecfet RE daGeEkpini hEpe vef oppdtines ox [HeWEHS ithe of the

retro-reflectehgivilihal SppeaEEbbE sict;nifi)éaﬁ&@,_ cantgadt iuilhe thebot to make
t he gri pper nov aut omati cal | p the p05|t|on§n€en ioned and to

e, 15 .
handl e t RESHELPBEs2 hatiRZFRRAYRZ LRES r H5fcP S FPRIIRT QFpe. On

the retraorefpbeeked dp,tHeecobatedi tn Hé1dti®s,.to the NEdreas the lines 2
and 3, forn1vari9us bar whi ch caghbe scanned gy t he Ikgbt beam
€ 3 .

reflec Cogﬁs 20 S o) r
of the sensor ngi%e. B?’tﬁ?s %ﬁ?p%%e, T TR Hedd Gitd 9 t he
case of bar catesrobot Uegomed awaveginuplse ofayiexgslained dmdlownicth a coded

meaning in th omhination of . Jin _ r 5 i's
arranged wt h?’%l%vgg%ggﬁ‘{)gzgg t)}llé gétﬁ%trﬁg\gf?td%gw\ﬁ ?ihtpzli% giotéugall%eibor der)
rectangul ar for kheecgnbuplredi the, ropoordermake fidren guippneomens on

block. 15  automatically to the positions mentioned and to handle
the various magazines in accordance with their type.

On the retro-reflector 1, the combination of lines,
such as the lines 2 and 3, form various bar codes,

20 which can be scanned by the light beam of the sensor
device. For this purpose, the lines, as usual in the
case of bar codes, are divided into groups of lines
each with a coded meaning in the combination of lines,
and each group of lines is arranged within virtual,

25 (i.e. not provided with an actual border) rectangular
line group regions, in order to form an information
block.

In the exemplary embodiment of Fig. 3, four particular
30 line group regions 6A, 6B, 6C, 6D together form a
virtual (i.e. not provided with an actual border)
essentially rectangular code field. The retro-reflector
1 is arranged on a machine or device of Fig. 1 in such
a way that a centre line of the rectangular code field
35 lies essentially parallel to a scanning plane of the
sensor device (the centre line of a rectangle is
generally a geometrically well-~defined term, but in the
present design of the invention not an actually
existing line, for which reason the centre line



fﬁ'the'exenplary enbodi mrent of Fig. 3, four particular 30 | i ne group

regi ons 6A, 6B, 6C, 6D together forma virtual (i.e. not provided with
an actual border) essentially rectangul ar code field. The
retro-reflector 1 is arranged on a machine or device of Fig. 1 in such
a way that a centre line of the rectangwl ar code field 35 lies

essential |y paealitlieheldohassaatnbeanPiaRnOint hg Fig. $ensor device (the
centre line of a rectangle is generally a geonetrlcally wel | - defi ned
term but in the present design of the invention not an actually
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rect angul ar ifyl0ni d; r S t hat the
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rectangl es or jldane i@aQUPMbeaLYRE, 66he6§rm§§s %P 11@%'&@%&6’@&’ that in

each case a Ionger hor der of the rectangle or_ li1ne group region, such
as the border In theprpregsangles gg élpﬁngé?uBo¥%E#°Qﬁ N rnaIIy

t he rect amgl esoorinl Lsnehgaowayr @gben§n6é\acﬁB¢a§@ a Lyd&r bordékr renged with
respect to on& anqt h i n _such their virt not

represent ed by %nt&E [%agglfal Rﬁ)llne ggﬂ‘&?trggﬂ‘é’% R 3% rgbe&%jjr%nt ly and
their |ong 7 oxldés liiseapavakl @bnyer cbheraspt bifra (iwe demidanl,he :

' " " f h | t
nocording o trg *1tehatbR Bt adnbSoB HLPEs e i HhdRErope of
the inventionﬁrrangedlwathenespecthéocode amoth@osin i animag fwal dhat
respecti vel y qompbi § §tﬁa§r?EpeOananégPésé’ﬁtéc?Q%% dfCactyal "fiHd ngul ar

lines and a rectangu | nt er space i nés and
i nt er spaces dﬁpp€ﬁ|ﬁ§déﬁt?§ﬁlﬁ$lgsed conareeRt At rthein loranpl e such as

light and darlkides hanga&aﬂélleagbﬁgdaﬂéthéfr@fﬁép&bﬂw' gt right
angles to the centrq ling of the code f over the ‘entire extent of
the |atter. terms "long and short! refer to the particular
representation according to Fig. 3, but they may be
20 interchanged within the scope of the invention).
Incidently, the code in a positioning field
respectively comprises a group of lines of at least two
rectangular lines and a rectangular interspace lying in
between, the lines and interspaces differing optically
25 from one another, for example such as light and dark,
and their longitudinal direction rﬁnning at right
angles to the centre line of the code field over the
entire extent of the latter.

30 The respectively neighbouring rectangular positioning
fields or line group regions 6A and 6B, or 6B and 6C,
or 6C and 6D, are arranged at the same predetermined
distances from one another, so that in between in each
case the same virtual (i.e. not provided with an actual

35 border) rectangular interfields 8AB, 8BC, 8CD are
defined. The code field is thus filled exactly by a
sequence, alternating along the centre line,
positioning fields 6A, 6B, 6C and 6D and interfields
8AB, 8BC, B8CD.



30 The respectively nei ghbouring rectangul ar positioning fields or

| ine group regions 6A and 6B, or 6B and 6C, or 6C and 6D, are arranged
at the same predeterm ned di stances from one another, so that in

bet ween in each case the sane virtual (i.e. not provided with an
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and the |ine gfeplanyigpeingnt pecordingufpeFig. Art het hére the code

arranged in agroup RPidd WA N% fdRldl WWEneOhuRBRENES tRe@1PRSI bjon of
this positioning field in the code field, and this code conpri ses
posi tional i rdERVRTMQthi &th RaFhife ekefated ths Lh)et HEOURaRATHYN devi ce

and specifi ese@tbyhiled moibYEr theand thHROgiihie0irdapf rehtlohse6bos@t Elei N a
sequence for

med .b e itioni.ng fields along the centre |ine, the

successi ve pd%‘flf&?%rng 'of]'{ltr}rf’egp%%ﬁﬁ’i %%&Qﬂeelaariaﬁg{eﬂem @ code field
referably bepogi tedqgmiss et diyd dinse cttrinespdds homar poali tvahues.

P y LER O
Arranged in e - dnterfields 8A 8 8 here is
i n each case ‘gﬂc}? %%érl{a}fel({nﬁ%}e&%la& i 3%& CS’E% f\?ﬁljs'gh ?ggngg%ﬁegcr;r)% ual l'y
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positioning field is located in a sequence formed by

the positioning fields along the centre line, the

successive positions of the positioning field in the

code field preferably being expressed by consecutive

20 numerical values.

Arranged in each of the rectangular interfields 8AB,
8BC, B8CD there is in each case a diagonal line 9AB,
9BC, 9CD, which joins the mutually diagonally opposite

25 ends of mutually opposite borders of the neighbouring
positioning fields or line group regions, as for
example the diagonal line 9BC joins an end 10 of the
border 7 of the line group region 6C with an end 11 of
the border 12 of the line group region 6B. The diagonal

30 line 9AB, 9BC, 9CD represents in the respective
interfield 8AB, 8BC, 8CD a boundary line, obliquely
intersecting the centre line, between two surface areas
of the interfield. During the scanning of this boundary
line by the scanning device, the brightness contrast

35 between the interfields and the diagonal line produces
in the scanning device a variation of the illumination
density, to be correct two rapidly succeeding opposed
variations of the illumination density, which permits a
determination of the viewing direction, which is



border 7 of the line group region 6C with an end 11 of t he border 12 of
the line group region 6B. The di agonal 30 | ine 9AB, 9BC, 9CD represents
ip the respective interfield 8AB, 8BC, 8CD a boundary l|ine, obliquely
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interfield. During the scanning of thi8 boundary i ne by the scanning
device, the bexghdiwsd onidmwstdedailbéialesn inheonjuactiohdsiahdrige
di-agonal Iine4produces in the scanning device a variation of the
illumnation *° density, to be correct two rapidly succeedi ng opposed
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of the view n
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be ext enBREPeeL Ve gHarigid 5¥%$eﬁ%%%ySgpenmﬁﬁnﬁéﬁdbiy be Tine group

regi ons and t@ﬂt@@@é@swrwlmg;hmeﬂmﬁs§>recz@&abay eyehehulbepr 6fer abl y
nmut ual Iy para leI di agonal Iines he dla%onal I|ne 9AB, EC 9CD

as represent et*?n 9%° ﬁeggl%nsﬂ’éiﬁrh&&oiﬁlefPBP éﬁf’edoﬁﬁr FPEr ?9%one
anot her, 1al t hougbet o & prsefentabdhy ingethely yi patda@ 123 diegopali binesccuit has
the information necessary for further processing. Wth regard
to the description of the nethod according to the invention of
autonaticalIyThesdiagmna&)lﬂnascﬂAE 2BC, WD, r espeepresenhedr énro-ref | ect or

with the maskg $P§g1 %F NEFSURA dfﬁ%?%é& E%ang odl koeypedi ent to explain

t he geone ramrepresente of the angle and
| engt h relatléh@hh®§:oﬁl ugdpddighd s ingth qgé&ﬁﬁtﬁry if the sensor device.
25 15 computing circuit has the information necessary for

further processing.

With regard to the description of the method according
to the'invention of automatically positioning the robot

20 with respect to the retro-reflector with the mask lined
thereupon, it is first of all expedient té explain the
geometrical diagram represented in Fig. 4 of the angle
and length relationships of bar code and light beam in
the sensor device.

25
The basis taken for this (in particular because of the
simpler geometrical relationships) is the known
scanning device, for example described in the already
cited Namco brochure. In principle, however, the

30 periodic scanning known from the latter with laser
light and a mirror rotating about an optical centre
could be replaced by a global scanning with light from
a row of LEDs with use of a row of photodetectors,
without departing from the principle of the

35 explanations which follow.

In Fig. 4, a wall 40 of a machine or device on which
the retro-reflector 41 is arranged is schematically
represented. Arranged on the retro-reflector 41 is the
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geonetrical relationships) is the known scanni ng device, for exanple
described in the already cited Nanto brochure. In principle, however,
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back to the p0|nt retro-réflector 41, unless his is
prevented by ttﬁésoérs @6@@%%@%&@? kar gade of Hhe mpask ‘%:ﬁus'nh%s in the

di agram of Fi $>ofhtt e thusShari fth@BGGdQBﬁéamo@flpﬂé centie of the sensor
devi ce. he retro reflector 41 .an mask 42 are represented in

t he dlagran|0§H§Qj Tigapicenof @BnsSPELrs I@ePﬁFﬁkﬂgs © SensSeNtA¥ < serves
only that1d he Mgt retreHretliectét dandand thehmashsk2 4£rearleﬂnee$eaelre®nd i n

the follow ng.s i_nsi_gni fJd cant n ed ng i on.
On account of ltrhetht?efdll&gtrla ogi‘ %?ﬁé i bgaﬁﬁg P&%P%Pe a{%%‘?@%%
rotating nlrrdnn:&mad isgirtvelse amliyotbs t the rehroﬂneﬁkéqt@boﬁl ame p0|nt 44,

for exanple | as 420I%5kgbs§e%§n ; ﬁggf&f{o@9§$tigns of the light

20 beam are neasure posi tlvel In t mnse sense Fig. 4,

their zero vamm§quhﬂ}C@mta@ndn@@Bdrnp@sbﬁlEﬁld any paebenreio® ned in t he

sensor dew ce by the angle- reference detector, which position is

represented in Fig. the reference direction 45. EUr|nghthe cour se
On accoun of e deflection of the light beam by

constantly rotating mirror, the light beam moves
continuously about the point 44, for example in the
clockwise sense. The angular positions of the light

20 beam are measured positively in the clockwise sense in
Fig. 4, their zero value lying at an angular position
predetermined in the sensor device by the angle-
reference detector, which position is represented in
Fig. 4 by the reference direction 45. During the course

25 of a rotational period of the mirror, the angular
position increases in the direction of the arrow 46
about the point 44 from a value at the beginning (not
shown) of the angle of view at a time tp, via a value
at the beginning of the scanning of the mask at the

30 line 47 at a time ty and thereafter a value at the end
of the scanning of the mask at the line 48 at a time
ty, up to a value (not shown) at the end of the angle
of view at a time tg. In this case, the angular
position coincides with the angle bisector of the angle

35 of view at a time ty which corresponds to the equation
ty = /o e(tg - tp). This operation is repeated with
every revolution of the constantly rotating mirror,
which leads to periodic scanning of an angle of view

predetermined by the design of the sensor device.
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I ncreases in the direction of the arrow 46 about the point 44 froma
val ue at the begi nning (not shown) of the angle of viewat a tinme tA,
via a val ue at the beginning of the scanning of the mask at the 30
line 47 at a time t[err] and thereafterl4a value at the end of the
scanni ng of the nask at the line 48 at a tine t[err], up to a value

not shown) a of t In thi
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an

mentioned, to sinplify the exg follow.it.is aisuned t hat

i ons
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essentially 544 ept hBgonatiy-rerlbetenU e nderns wheofmasike 42ngl e of

vi ew. Consequently, the angle bisector of the angle of vi ew coi nci des
with the normal 49 of the optical centre 44 to the retro-reflector 41
and to the naBkcddse the cBmpab$ngthrcm¢¢nmfr@peﬂnuhﬁt igf kmloavoy @isot i s

;Pgmdatshe ret ?’8 %gﬁs 88851% %oca ‘\éﬂ&% i m‘&bosm%{g a?%r the the

control to nnthetbeoundothEnrsnch zeflechey 4¥uﬂst1ﬁ$&§ﬁ¢n}A¢eﬂﬁector 41
comes into th o@ggbgeoEo}5th¥'8$h9£oih ?3§@§Qrtﬂgﬂﬁdﬁbtfﬂﬂj§dﬁh a

phot o- det ecto recelves a retro-reflecting |ight beanlmhe t he
emanat i ng I|gWﬁYb&éﬁﬁnﬁé@sr?ﬁéoréﬁﬁéeﬁﬁ$¥e%¥o@omﬁﬁ @ the angde of

retro-reflsect Wleﬁlo?a%hbnsbﬁbérVQ&vE@é’? aﬂaOtlﬁ@ephoto cBé’tgicﬁ:dlf view, the
nmet hod of automatically positioni § Sensor devi ce

proceeds in tﬁ@celve5f5|Fgﬁgﬁgrﬁgggctlng fightcbeam \Y en
emanating light beam meets the retro-reflector 41. Once

the retro-reflector 41 has in this way come into the
angle of view, the method of automatically positioning

20 a robot with the sensor device proceeds in the
following way.

In a first phase, the control of the robot receives
from the computing circuit the necessary information in
25 order to.set both the angular position at the normal 49
and the length of the normal 49, that is to say the
distance from the optical centre 44 to the retro-
reflector 41, in such a way that the angle of view
covers all the line group regions of the mask, that is
30 to say in the case of the example according to Fig. 3,
all four line group regions 6A, 6B, 6C, 6D. In other
words, it is in this case achieved that the pulses of
the photodetector, which correspond to the lines of
these groups of lines, all occur in the time interval
35 ©between tp and tg. An earliest pulse, which begins at
the time tqp, and a latest pulse, which stops at the
time tqg, correspond to the group of lines first
scanned. An earliest pulse which begins at the time
top, and a latest pulse, which stops at the time tog,



I'n a first phase, the control of the robot receives fromthe conputing
circuit the necessary information in 25 order to set both the angular

pqasition at the normal 49 and the length of the nornmal 49, that is to
say the di stance fromthe optical centre 44 to the retro-

reflector 41, in such a way that the and e of view covers all the line
group regi ons aufrnelspomeis ko tthat grsupOof fdnsaylasttdeanmed. of the exanpl e
according to Fig. 3, all four line group regions 6A, 6B, 6C, 6D. In

ot her words, it is in this case achieved that the pul ses of t he
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correspond to
conti nues ir1tﬁhesHMnms@rph@seegannbeGA, 6BexpCai 6Bd nost sinply if the
optical centre 44 is 5 brought in a first stage to the centre

per pendi cul ar of the overall length of the |ine group regions 6A, 6B,
6C, 6D ard i n Borsexamgplet afbeagsobbtsésagoposbibl purpose movéd |ine group
regions 64, 65514Ga; 99 epilPin B ﬁé?ﬂbﬁtaihﬁnFQPoﬁhéStiﬂé Japi s purpose

noved ni't e hori zont
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achi evi ng t he ffieati ighahet REraeg! QhQ'tsﬁﬁEoén@ietB.@sector3{5@'@h@f vi ew

coincides with the centrewperpendlcu ar, of the overall ] en th of the
line group redéhse qf ¥ie C°1P§198ﬁgW&§HttP8 FENTLR PEFRERM FLIAT centre 44
lies 13 entgfedthd ivieiralllly 1eflgyhi 6 £t hnehminéogmﬁp r@gidsmsu Dfe. t he

cont ol [d, Sti OB o tior PROnEAE OPRISE SEBERe dlfapithat the time
t M conti nues tdEnhIEﬁESpmnilely onlyhénetgihat honigdhtal/ 2ihefxrdnf tdrr] -
tlerr]) and,ie&_ qQ! %Qbup regions 6A, 6B, 6C, 6D. Thereafter, the
robot is controlled, still only in the horizontal, in
20 such a way that the time ty continues to correspond to
the equation ty = 1/5 e (togp - t1ap) and, in addition,
the times tj;p and top come to correspond to the
equations tja = tp and togp = tg, then achieving the
effect that the overall length of the line group
25 regions fills the entire angle of view. Of course, the
control receives the information necessary for this
continuously from the computing circuit.

In a second phase, the control receives from the

30 computing circuit the information necessary to reduce
the distance between the optical centre 44 and the
retro-reflector 41, that is to say the length of the
normal 49, in such a way that the angle of view from
then on covers only two neighbouring iine group

35 regions. Which regions these two neighbouring line
group regions are is selected on the basis of the
coding of their groups of lines and a corresponding
default value in the control. They are expendiently

neighbouring line group regions in the centre of the



tHe tines t[err] and t[err] cone to correspond to the equations tferr]

= t[err] and t[err] = t[err], then achieving the effect that the
overall length of the Iine group 25 regions fills the entire angle of
view. O course, the control receives the information necessary for
this continuously fromthe conputigg circuit. In a second

phase, the comrkkaks)eeBbtessli tonsaheisOthe COMgRItd MR redddinipltehe i nf or mati on
necessary to reduc%. tEe dgst ce, between t he amﬂéxHBcen re. 44 and the
retro-refl ect BCCRTIIPAAE0) E1803 s af e nEI PRNTE H - G5 formal~’49, in
such a way thahiicheazrgkbtedefl biyethéroumbers 2 hend ahy cmapestdnel yti,wo

nei ghbouring | Lne,grqup gL.Qn | | O e ighbouring
l'ine gr Ol‘f;?lrcggfi% sdgréchéssiégeg?%\é@%%%%%a%ﬁs oets't k?efl\%orﬁ?s%gdi ng of
their groudps dhe iopsdcaddcantoer é4pbndthis case dedrains canfeed imhe
control. They .qre& kept b NSk opRoUT | ¢ PFHURILFHONS in the
centre of thet%e ne¥ReBALEN kX front "EEIPROT { 1Y &'63%15é§i L that 1s
to say in the @aséCof 6Dhe exanpl e according to Fig.3, the line group
regi ons 6B and 6C, whi ch are coded by the nunbers 2 and 3,

respectively, whi.ch are detected_by the conput] circuit. O course, 5
the optical cdithe this| APPRPACcCRLRE ?En%?ﬁsr%EﬁﬁT¥ﬁ#£g¥tor ¥ H&%hori zont al
in front 1 theddtnatgrieupscegtoaslfAintendedBio 6{hcddse the Wth this

approaching of the retro-reflector by the 10. rqbot it.is ntially
i ntended to i &g tvﬁgues agaﬂﬁb?ﬁrtéﬁl VREL QRS PR HF9R® \Pgrflst S bar codes
of the magls ki 22aneeseeanf foomt hreopptitabl ceentte 44, sndl t her eby

i ncrease the pregi si o I 3100k F ! h y
i agonal 11 ne TRreRy! 1nEree 3o Pa8 bheBi Oton b0 ne pod {EuEhd TRARYL
whi ch a point tA@n on the pepyeddagenainling. lying in the pngkeiafd phase,
the contrng reGRlVes kh@MHiHGonal 18REPYBENIEI KEtEl 4 NSoin¥ Of3mald on
necessary to nove the ] ]

represented in Fig. 4.

In a third phase, the control receives from the
computing circuit the information necessary to move the
20 robot, in this case only in the vertical, until the
time at which the angular position of the light beam
coincides with the point 43 of the diagonal line 9BC,
or the point 43 is scanned, which coincides with the
time ty, achieving the effect that the optical centre
25 44 is then also centred in the vertical in front of the
| line group regions 6B, 6C. During this time, the robot
has not been moved in the horizontal, so that the angle
of view continues to be covered only by the
neighbouring line group regions 6B and 6C, and the
30 optical centre 44 has remained centred in the
horizontal in front of the line group regions 6A, 6B,
6C, 6D.

Consequently, the optical centre 44 now lies centred in
35 the horizontal and in the vertical in front of the line

group regions 6A, 6B, 6C, 6D.

The computing circuit is thereupon in the position to

calculate the coordinates of the optical centre 44 with

respect to the centre point of the line group regions



20 robot, in this case only in the vertical, until the time at which

the angul ar position of the light beam coincides with the point 43 of
t he diagonal |ine 9BC, or the point 43 is scanned, which coincides
with the time tM achieving the effect that the optical centre 25 44
Is then also centred in the vertical ip7front of the | i ne group

regi ons 6B, 6@a,DeB, n@d,hi6$) t TAECathestehotoordindbess nothdeen noved in the
hori zontal, so th t the view. ¢ o} V, only by
the ~o™ e GReoRag R A8 5RsudiFegroft KREBRbeRiial G F GRS OT)
centre 44 has ﬂeefr]motext déniandd tontheemask 4Roiszohven Hwn th@nlef@ﬁth he line
group regions : LY pdbs1pptigal centre
44 now lies ce(%A nor&?l tq%é %grlllzeo% thgogi;FgH@}{"}% vel?tllpffal In front of
the line 5 tg'reoa]strr@mr@lﬁeGAOIGBl eud &p. the magkedZoWpRiting circuit is

thereuDO”"1té3%ﬂa¥ﬂéﬂémlé”équal tBaEEBBQtBeéﬁﬁséoﬁﬁgl t £6a Dfcdier®pt i ca
centre 44 wit respect to the centre point of theline gr q]gqregl ons

17 6A, 6B, 44665 GBdeIet‘? @&PF&@%HHCSSP& nafekhet hitPe ITQR RIS i n the

direction per mdleml aac tasnt HQhﬁ%’t ig- the veell sthplidicaniono the mask 42
I's given by the |en e in_the.direc

mal 49 '
parallel to 5 me(r%).og@dr (?broéfﬁ ec&g‘?sﬁlcﬁﬂaétlgaﬁ%’ naEKkths {’IPI%‘Wl or di nate
i s equal 1@ zefsprdiecissadtheldyt toabecdeteemined4drespredaeeddeytred in

front of the | | Je rox‘ﬁ: eﬁgrf%\}é:) fg?hugg bg | naéﬁpkgllg th very

sinmplificati ont? ese ¢ ¥he i ndi vi dual
10 coor di nat epaithialn yretferencdeodr ktheedobos wmbareapggt to the conputing

circuit for uszee% b 16U 0 a a.afe 8as@% 'EboﬂhéeESﬁéf'Sf Ofrbe robot

with respect to retro-re r and are passed to the control. From
then on, the c&wn (ﬂnrofthtehé:%l?@tl |°§ @QGaE?PB%flﬁaEPFIQbiS of HeakiRPper nove

automaticpd |y e tcjﬁ;ﬂ;ﬁ"&i‘ vdodﬁéalau%mratticanyoftostaal ih@@ﬁ@@ual poentBChi ne
or device concerned, part i cul 5 e positilons at ga2| nes are

2o b b oS e TRt S08 Rarunoel RS C8PTeaaCRRGREPAGe |
accordance w tgnsthiehildr e positions at which magazines are to be

brought or picked up, and handle the various magazines
in accordance with their type.
20
In general there are two mutually equivalent
possibilities of relating the local reference systems
of the code carrier and of the scanning device to each
other, namely by creating a direct relationship or an
25 indirect relationship by means of a common system of
coordinates or more than one system of coordinates
related to one another. On the one hand, in the
scanning plane the angular position of the viewing
direction about .the optical centre may be related to a
30 reference direction lying in a predetermined angular
position to the plane of the code carrier. On the other
hand, the plane of the code carrier may be arranged in
a position predetermined in a system of coordinates,
while in the scanning plane the angular position of the
35 viewing direction about the optical centre is related
to a reference direction of the angular position
predetermined in the system of coordinates.

Preferably, however, all the calculations are



20 " In general there are two nutual ly equival ent possibilities of
relating the local reference systens of the code carrier and of the
scanni ng device to each ot her, namely by creating a direct

relati onship or an 25 indirect relationship by nmeans of a comobn system
of coordi nates or nore than one sy8tem of coordinates related to
one anot her. Qipdld farel M3ndhd relfb@ence dseaoviog pyang t he angul ar

position of the yiew.n Lrection aho t he ,opt.i e e y be
related to a §5€£qquﬁaéﬁb$°di @c?ﬁ&ﬁelﬁgngancgd%réégfg?%iaé% %ﬁ%ular
position to t hiigylaceneh tishé akdce paacbedn_Chrehemoth@l}y_Ortham@nalhe_
plane of the code garrier orPXJhQ%haroﬁlﬁng?Lgs' garallef. PQSt*éOPeP gdgLer m ned
in a system of "coor di nat'es, whilTe in"the scannin g ane t he angul ar
position o th¥3Etidrewndy thier de0i othesul iehpaspliedl teehheerlaneel at ed

to a reference digigetd R st angul ar position predeterm ned in the
system of coordi nates. Preferably, however, all the calculations are
18 sinplified by the reference direction |ying orthogonally to the

pl ?nel Iof t hehqﬁ&e és@éddtﬂgu_gartdae_t &t@thodf d;k,:ﬁph:ﬁ(iﬁﬁeﬁlbsthakiﬂﬁ?il@tfﬁﬁ, i i‘% three
mut ual | y orthogona diTrections, qQ ich one lies par el _to the
reference 5 cﬁa i BH s ﬁﬁﬁ'&%@ JELREr PR 589&PP§Ig?of%ﬁelBIEH% of
the code r@rrisigle of vifedt, exdQw iimgpiriaciplbodtatsondtngetossaey

i nvention, it uld suffi.ce for t i_ne up.-regions t le.,n the 10
angl e of view it i%?éi% (ﬁﬁﬁ9§QH:O&Ethgtaﬁg%§s§£r§geg §°f§?£%§é8§n9|e

bi sect or of trwﬁthuﬁhegﬁenﬁnaNpaIpaMddCMdgr of thﬁthinhegceupre

per pendi cul ar of;{d)gs | 112 HOUhg1e bilseRdBSor! Enkhengal gehisegt or of the

angl e of view oes not coincide wth the centre perpendi cul ar of the

15 line grouregidhsoinmdspiiiddl thenceatse prersafieplar ofdebece is
not centredl im f{ond-Rip g ildde $HRURpticall 88heRs, ovheneUBEAsbRe
trigonometric calculation of the position of the optical centre in

relation to tH&evice is not centred in front of the line group

regions, whereupon the trigonometric calculation of the
position of the optical centre in relation to the
retro-reflector becomes more complicated and the

20 computing circuit and the control become
correspondingly more complex, but the calculation and
the corresponding design of the computing circuit and
of the control remain within the scope of general
technical knowledge and therefore need not be described

25 in detail. For example, the computing circuit may be
designed as a microprocessor and be correspondingly
programmed.

For executing the method according to the invention, it
30 would also suffice for the overall length of the line
group regions to fill the entire angle of view, while
it is not necessary for only two selected line group
regions to fill the entire angle of view. If no
approaching of the sensor device to the retro-reflector
35 takes place, the only effect is that the achieved
precision of the position determination in the
horizontal and in the vertical as well is less than in

the case of the method described with such an approach.



retro-reflector becones nore conplicated and the 20 conputing circuit and
the control becone correspondi ngly nore conpl ex, but the cal cul ation
and t he correspondi ng design of the conputing circuit and of the
control remain within the scope of general techni cal know edge and

t herefore need not be described 25 i ngdetail . For exanple, the conputing
circuit may bmnallydesbgnedeaatangi @n@pm@tmaoaccwmﬁjtmg dur rigspondi ngl 'y

d. ti th di ] ' jon, |
0 Toul d al sOTIGPHAGE fby LonBOByEFAFTC Bhgfet g I G CertREOH oM 1t
regions to flIdlsbh&oebelcenamgﬁelnftheemerMh¢ab in frant iaf ndte ndawssary
D™ ] oo SR SLdibRS 8508c, 1o REALPLE tOhd dqult s NG © of

view. |If no 6f the sensor deVice to o- re ector 35
t akes pl ace, tdfetchrel )lle'hmtebteamsatchm cehbadsht vedty COlItﬁJétﬁ%u"@rT— f the

position det ert'ﬂen%fla%na'i 4R8e 9BC hQréZOQt i@Rds3 nof hﬁdé’QﬁIa‘ alas vel |
is less than in case of the nef descrlbed with suc

appr oach. line SC 1s scanned at the tlme ty. This lquqEﬂY%quqn

executing the 1npidagd fﬁﬁ%dt'ﬂg bestBeon oflﬂh(@nép@ﬂ:al d¢entned essiential for
the optical centre 4 |

to be_c n_the verthaI nt of
the Iine iUy &- C@&51§B%r8ét Ph gg fé?e YRR M 29D TI%
the |i ghtld)earmtatlsa a(s%mﬁn@ldnthbmethH ocptihcatlesemttd 44 istd:mtteacgolrral | i ne

9BC, i.e. nt .43 ,of d|a onal line 9C is nne t he tine
t[err]. Th| s Bﬁr}ﬁs btoﬁl\?é’ﬂté TPAReRFI §hGi ?hn? he" P ‘? 19“ e opti cal
centre 44 in 6C, dshdesertibed inntheotexbf abbee} itﬂea’grxﬁIptq e‘ifﬁlori@éﬁts 6C.

10 It is as he_opt i1 c
hori zont al s#{ge%tqqéfact tokle% M ne gaou ?Elgél onsugsB lc&erggﬁ%(?l%d esé(grilebed in
the text abovethasrvatcumwt@@yaetshatthe timehbyegobRebRes With /the orr]

(tferr] '1§[eﬁﬁhL %%%%ﬁkh§ﬁhﬁﬂ Yadan centréh@§el§'éPgasééﬁﬁiéd ide tine tH
coincides with time tNF when t he ogtlca centre 44 is alsg centred

in the véhe Farticad giy TEPnthe T the §LBRpIFRYP oFRIBERS 6

However, the tHdiRvd?, C%H’éCIt(iﬁﬁa \MHt I&o&helaegewi{:nrtﬂlewhﬂme t1g vilken opt i cal
centre 44 lies.in the rtlc%l q front of hg O{d 1ast sggnned of
the group of |§hﬁxPH centre 44 lies in the vertica

the border last scanned of the group of lines first

20 scanned, and coincides with the time typ when the
optical centre 44 lies in the horizontal in front of
the border first scanned of the group of lines last
scanned. Consequently, this time ty varies linearly
between the extreme values tjg and toa in dependence on

25 the position of the optical centre 44, in the vertical
in front of the line group regions 6B, 6C. A simple
proportional calculation thus allows the computing
circuit to calculate the position of the optical centre
44 in the vertical in front of the line group regions

30 6B, 6C in dependence on the times ty, tig and tpp and
to prepare it for use by the control of the robot.

The preparation described of the information on the
position of the optical centre of the sensor device in

35 the horizontal and in the vertical in front of the line
group'regions, that is to say in front of the retro-
reflector and the mask, and the passing on of this
information to the computing circuit makes it possible
for the control of the robot to position itself, if



20 stanned, and coincides with the tine t2A when the optical centre

44 lies in the horizontal in front of the border first scanned of the
group of lines |ast scanned. Consequently, this tinme tH varies
l'inearly bet ween the extrenme values t[err] and t2A in dependence on 25
the position of the optical centre 44, 2on the vertical in front of the
line group redigiofiBatel A Frdhheof oth@&omi)ﬁéi gpehp Coeglbmé ) osudhius
al l ows the conputing CIrCUE% to C Iaie t he 03|t|on of %he opti cal
centre 485 rﬁ%eﬁ%ﬁé‘}ﬂ%%&n °F1rtoﬁ et ePFi f ﬁ?o PIt¥YF ohs®B0 6B,

6C i n dependengeirriidie 3,i MRS dridert [ter tkadndut2heaniinformatbopriapare it for
use by the control

Th ed pf th
i nformation onti$RE adé{ﬁﬁ%ﬁ%%(ﬁ?%ﬁ q}ﬁédgp?Fgﬁ Qg%%%;gnogﬁgcéhgeﬁggr deS|ce
in 35 the hotheawciimndn devieeyent Whakhi thér vatrofrefbectoe 1 is group
regions, that ét,sté&%?ylhé Q:ofde@tonOfthteh?ert?U 9eflﬁcto£ei| £61 Ofe afh{ he mask,

and t he passing on rmation e conputing circurt mnakes
it possible grounnrqupnxﬁunwhlhﬁ qIﬁ@rﬁbBétlibep6§©ﬂpoﬁ99¥%%l$ can

20 appr oprp @tigsed Nedy caadletfldﬂahercddleae1afeyﬁa£§ehomor§w@r, onas for
exanple in front of the line %é%ﬂ%r I.ons i n order

to read furthe?T iR N5t dHes é@c§85§tPBMaPecBH%V¥¢%@d§1t¢br

exanpl e, ifie ty@eitfortal ddtR AR 20 BRViageaffedhighathe retro-reflector
lis attached,i s coded, on the retro- rif%ecto% 1t£n thﬁ | ine gr oup
region 4, whi IRFe0stRTHEEG Bos TP gitdAtaOBaRO thepEehERT for

addi ti onal codesif 1 exftoyyell | Gindérigey eomparténg ciocuibr ésf awéherof

retro-refl ectors 0 s f] s and be
arranged in a the pr ecgeqi % e%%ﬁ\(l)gslﬁlloén olfn%gg 8@%#%%%& Jr:(thigo- _
reflector 1. Sfiﬁidsrmn(mnﬁnnmqn;tn rthe tcoide émaﬂd of the ratreredet er ni ned

posit1on o6 these addld I0aly GUassidlelirds kel BLALLAN bf the code field

of the re ect’or 1, cﬁ?SSIb e e contro
robot to go torebelsctadh tﬁQ)rféﬂescﬁ)@@ itdloga lnicedeuf iglds WlBF@‘é‘éd@ng

search, in ordgfedfifpkdiRi, i Yrdid @& read their information.

Consequently, a single scanning device suffices both

20 for the initially necessary determination of the
position of the mounting robot in relation to the
machines or devices and their magazine positions and
thereafter for the reading of further code fields,
which supply information, for example, on the type of a

25 machine, of a magazine and the like. Because the
mounting robot knows the positions of the additional
code fields as soon as it has learned the positions and
dimensions on the machines or devices and on the
magazines, it is possible for it also to move to the

30 further code fields and bring itself into the angle of
view of the scanning device, in order to read their

information.

By the preparation described of the information on the
35 position of the optical centre of the sensor device in
the horizontal and in the vertical in front of the line
group regions, that is to say in front of the retro-
reflector and the mask, and by the passing on of this

information to the control of a robot, it is possible,



Consequently, a single scanning device suffices both 20 for the initially

necessary determ nation of the position of the nounting robot in
relation to the machi nes or devices and their nagazi ne positions and
thereafter for the reading of further code fields, whi ch supply

information, for exanple, on the type @t a 25 nmachine, of a magazi ne and

the |ike. Becagie dfiaple, MUHdNtGo10ROKOkNGWRgt PebposiEbr oaslbhe t b
addi ti onal cqode fields, as soan as i.t has Leained t he Rgsitions and
FP R R af

di nensi ons on % iESe dftd PaR tihl fREgE T nes, it is
possi bl e for ijutdmatio pmeedsing)e add/oxf wift devicedefbretbs and bring

itself into the angl.e of vi,ew of .t ni eyj.c in,order to read
t hei r it treatmendy ! E%ﬁ?rﬁg'c%l SQQHgsgiﬁi %‘%aho?"?%i
i nfornmati of onthdte 3% qosiddiomagfazime soptriec Hirogghtr §ootheheoseashbr devi ce

in the hO%égf%Eéﬂ é¥"¥4é1éé¥}éGHHﬂéEﬂiﬂe% E&OBEVQEF%hQnHiQEe group

regions, that 7s o say in front of the retro- r ector and the nask,
and by the pasei®kedriipiirgn $hese NoFfddeRSi-on to the control of a robot,
it is possible, 21 for exanpl e,
to control a nmounting robot_for a line and/ or devices, in

f machi,nes ,
particul ar forlRhehe Casgindni% %@ésg:ihﬁ(f,e BRGA&AOBANEOPEERTEBPSt he
aut omat i c1 ¢ r eati@ndombputtlef td i tchifoshe ssnclbradeayick ahBAbrtbkecorrect

magazi nes are brou to the correct Qsi.tion of the corr hi ne
or devi ces andc%ﬁ¥£%E m?ﬁc%&ﬁftﬁ?%é%mﬂqﬂ%§§§|£§9 P%ﬁ??t € pgﬁiFggﬁcgsesof
any one of theseipobdés onitly tperset gositidon defrermdnpdt eaglierculf of the
sensor device gng/of  t0& the {aﬁ ”Oéhe”%c%'i%[% %%%F %Rr*i‘ég the current

set position col nCi des™ Wi ‘he”set position ermned earlier. If
this is not theoneeened esmciimexantls, deencgisplacednesr atlerdssef or

g??ngLeélg$ﬁp gﬁéﬁ%é@fﬁhﬁicﬁy'?Hf“é%%ﬁgie, Ra0eFs Whi gharhor exanple, sets

In Figs. 5a, 5b, 6a and 6b, in each case various
variants of the design of the code in an interfield are
represented as a geometrical diagram. The frame now

20 represented diagrammatically corresponds in each case
to the interfield which has already been described in
the above text in conjunction with Fig. 3, but there
only with a virtual border, i.e. not represented by an
actual line.

25
In Fig. 5a, for a better overview, the design which has
already been described in the text above in conjunction
with Fig. 3 is represented once again. A diagonal line
crosses through the interfield, essentially diagonally

30 and by section approximately into two interfield
regions of an optically identical nature. The diagonal
line is dark and the interfield regions are light (or
vice versa), i.e. the diagonal line is optically
different from the interfield regions. Each of the two

35 interfield regions produces with the diagonal line a
boundary line, which crosses through the interfield
approximately diagonally; there are consequently two
mutually parallel boundary lines. The scanning device

responds to the optical contrast at the two boundary



I'm Figs. 5a, 5b, 6a and 6b, in each case various variants of the

design of the code in an interfield are represented as a geonetri cal
di agram The franme now 20 represented diagrammatically corresponds in
each case to the interfield which has already been described in

the above text in conjunction with Fi g223, but there only with a

virtual b]g)rdernbﬂe§-bw%irse@ro@a&elafﬁwg%daain irrl]aﬁt ual véfi@tlzi&‘édofb I'n
Fig. 5a, for a _better qverview, the design ﬂg'c a al ready been
described in tHhet “W%ﬁiﬁ%opndGBﬁﬁﬁﬂcthﬁc ieaaftﬁoFF%? 3 is represented
once agai n. A ditagonialatiione of a vieadagsdibeotfjbnt he interfield,
essentially diagonally 30 and by section approximately into two interfield
regions of an optically identical nature. The di agonal line is dark
and the interfirlkigedlona gesilongwhicbr is derived {remafhedesigme

di agonal line j icaldy piq. sdi : hgi L pLRLEIBh & F R PNS. Each
of the two 35 A?%(%g&rjflﬁgle?/ré& or?g %%%%ﬁggg&\ﬁi\?ﬁilt h(la. dléagoirlllg%1 l1ne a
boundary |ine,duih it tehass dos nepresghtede theeinterfield bebpdoxi mately
diagonal ly; thed &€ 100N TAGRRMY aliWlg the BHhtab! yiRarahte! thoundary

| i nes. The scanni ng_ device responds .to thﬁ ggtlcal contrast at the two
boundary interfield parts, and the diagona nes of; pre by this
contrast pgoduthtdrfield partalnd iodn the othekhentklofebatpent depsndgy, which

| eads to the determi nation of viewi ng direction. 5 In Fig. 5b, a
desi gn whi ch i%tcﬁﬂiﬁﬂéigiiﬂnqﬁ? 8% Sgn according to Fig. 5a
essentially by mrror-symetrical duplication is represented, the

ntertiol d partd Fishy B icshigh L Hhuey, thaConbRegTlrFa) ("0 T ana o
the other inteedseitfigldt Hiyanfed essantinlaygtéagonaiéi dehertwo I n
csgent 21Ty a oy Ih el g HrerTic1a fggé??ﬁé?gﬂ%é?%%i?l?.tiﬁt Fegi ons
i s represent edfhe one interfield region is dark and the other light,

i.e. a boundary line crosses through the interfield

essentially diagonally. The scanning device responds to

the optical contrast at this boundary line by this

20 contrast producing in it a variation of the
illumination density, which leads to the determination

of a viewing direction.

In Fig. 6b, a design which is derived from the design
25 according to Fig. 6a essentially by mirror-symmetrical

duplication is represented, the interfield being

essentially bisected along the centre line into two

interfield parts and the boundary lines of one

interfield part and of the other interfield part lying
30 at an angle to each other.

It is quite possible for there to be other designs of
the code in an interfield, in which the code in at
least one interfield comprises at least one a boundary
35 line obliquely intersecting the centre line between two
surface areas of the interfield, and the surface areas
are designed for the purpose of producing during the
scanning of their common boundary line by the scanning
device in the latter a variation of the illumination



The one interfield region is dark and the other I|ight, - i.e. a boundary

| ine crosses through the interfield essentially diagonally. The
scanni ng device responds to the optical contrast at this boundary line
by this 20 contrast producing in it a variation of the illum nation
density, which leads to the deterninati8n of a view ng direction.

In Fig. 6b, a ge&ssgtywhikich swkaiswetdﬁ‘rré)raett@ndeeltg@nzaf aageewdhgg to

Fig. 6 ti II t ted,
the interti o COEFREEon | TQRARtTalaF bdedied aPBn G PRE SEaRer EohFne | nt o
t wo i nt ertheldirmmgs amio:ténaertlrumdar )F:Jgsne§aof 5<br,1e 6a andi Abeténel d

part and of thg, z%#??f?f”{ f@écf %{&t )ﬁenQ: 0 vira ”c%%!cghﬂns ch other.

It is quite poSSi ere Ssi'gis 6 g~ code in an
interfieldd inofhtleeix hneecz—:mtegles,atl e 1ri gHsyts or$@,| Bber Paekddcéhpri ses at

| east one a bOHHé’afé(rx?é nuphdien dqti%vyef'm ﬁsg‘fﬁt‘ ’}ghﬁﬁgeﬁﬁﬂ reahine

bet ween two surface areas of the interf surtace areas
are designed fbikewbspuhpskemts prigdhs’ ng’i%rlqﬁ(}h" hare scanni ng of their
common boundar yntéPEndNgdde1 SCAMEHELE depARUInkE firdn kBl eﬂﬁ&lalgarl ation

of the illum nation density,
whi ch | eads tooﬁhﬁhﬁe%%ﬁ?ﬁﬁ%ﬁqtn1 of a view ng dlrectlon. In particul ar,
it is to be understood that the draw ngs represented in Figs. 5a, 5b,
6a and 6b can r nvert about t two,virtual  cen re Ilnes 5
of their rect a%l%gf E[E‘% 8‘??119‘5?%5 gﬁ‘e Eﬁ?d% &5t 1654 1n theea "upper "

and “lower” areexnf etivdacababfiss]ldpkeferallik enmpeitske bar evehl | ght and
"dark" are r t rtin ro r iple

of the invention. %% &Pﬂ&&%ﬁ%éﬁ %%lﬂg%sfggggo t%ghbo éEgeégru d in the

above  texanother conid 4icdurespsiraliag wdshmumbees amneevdess, of nunber of
posi ti oni g f'fﬁf’érf’feicﬁ@ SAMB FEASerftS Qs to AROLAGKEHARI angothgsponding

odd nunber, one | ess
interfields are either identical or mirror-identical to

one another. In the preferred design according to Fig.
3 the code field comprises precisely four positioning
fields and three interfields.



15 i'nterfields of different sizes to one another, and the

interfields are either identical or mrror-identical to one anot her.
In the preferred design according to Fig. 3 the code field conprises
preci sely four positioning fields and three interfields.

24 Patent C ai ns | . Seasor device for establishing the
relative HRAsddt enAimgd Wo nutual |y di spl aceabl e obj ects, having -
an essential |l yplranar code carrjer, for an optjcal. .5 caode, ich is
arranged on one of the OBFECTs deyigecsae es abi?%bﬂn%ft %er%Ihﬁ9%%rrier,

- a scanni ng gwsiad.omrofanged mutuane yotheplabpeble ébojects, Hhameirmgpt i cal

scanni ng of a predeterm.,ned.angl.e_of view wWhigh Iies . canni ng

pl ane and ext e'ﬁ(fél fersﬁrﬁrhtr} Y %&FF@&I °8§ﬁt Fgr’éf’efhgogc‘l’élﬁn?%glgef/i ce, this
opti cal 5 omode,e Widialy isertrrangled beaosef ponthereojechs i & ighde

I nci dence wit @i@fd?%@”c%ee gevigw,-japd for the determ nation of a
viewing direction Tying In the anglé '’ of view by 15 - detecting an

i |l um nation dersigcanating desdse,ongrangeghonotibeecetber odbiert sckemi ng

devi ce during ¢fie GAWSA scan®fing"® rS82RRERE Lk HEA 288 Be OF £ VY £YY, accor di ng

to the direction of |ight 1ncCidence - determnation of a variation
of the illuni thidh H®s idedsiSCATRingepéanenaBIoRXEPRAS FERR i @M of | i ght

i nci denceio anthptical dLitddnidl Rthed skaWing dbteet] otheoi st ity Wi th the
direction of light incidence if the variatiqQn of the .. |I£gfh§?t|on
density in de PIRG Fendi #&@SFO egpspsrom directheRg et el LT esponds
to a bright ngs&mdioi&rfwtwithirwwjh@h apgtecds &iﬁwedeh&rﬂdme’dhé)riblghtpess )
contrast, an - . _conputi ci.rcuit, .. .11 bein 0ssi bl e r the
Cote el d'to IRt ihaOn og h Skl dizectibh SIRY RS ArdtE deltce
by 30 di spl acefirenitevofot he obj ects with respect to each ot her and

- the codgis —d%t%hqﬂ&qoaq{‘l‘i‘i%ﬁli&ﬁa%ﬁoht Et.eﬁ%i‘@g' 5!? Q% least ! §fe SCanNNing
device in the latter at 71 east one variation of the |?fun1nat|on

density | eadi mpatedatedmr ofettherissannéndofeqicredinyng toetFonrse

of the scanning of the angle of view according to the

direction of light incidence,
- determination of a variation of the illumination
20 density in dependence on the direction of light
incidence, and
- determining a viewing direction coinciding with the
direction of light incidence if the variation of the
illumination density in dependence on the direction of
25 light incidence corresponds to a brightness contrast
which exceeds a predetermined brightness contrast, and
- a computing circuit,
- it being possible for the code field to be brought
into the angle of view of the scanning device by
30 displacement of the objects with respect to each other
and
- the code is designed to produce upon its scanning by
the scanning device in the latter at least one
variation of the illumination density leading to the
35 determination of a viewing direction,
characterized in that
- the code field is designed to be essentially
rectangular with a centre line lying essentially
parallel to the scanning plane and comprises at least
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characterized in that - the code field is designed to be essentially

rectangular with a centre line lying essentially parallel to the
scanni ng pl ane and conprises at | east

25 two rectangul ar positioning fields and a rectangul ar

interfield lying in between, the code f26el d bei ng filled exactly by an

al ternating swée&@%t%gular %%%'ﬂtheﬁhﬂg kiglds and 4 t&sddivisaal ong the
centre 5 1line, a% I n"at | east ogg rfJeId conpri ses
at | east & &@&@aﬁylpﬁhén 88ErEaBr ythAt ePde %?éﬁ centre
l'ine, between fiuQ esuickace 18" &3S aaf aulaernatlnganﬁmé@l ofhi ch surface areas

are designed to praqduce 1 an n bo ndary |line by
t he scan®ofg [d&HRE %ﬁeﬁﬁé Fﬁﬁt £§9§é?}é nﬁﬁ cent TS 11 umination
density | éadi Agrieq tamel det erm nati on of a V|emnng di rection. 2.

Sensor device a r ; ai . [ t he
interfield is eg%%%gb%%|§% gt l%%%%c%gg é§g§% fﬁ géﬁé#%#é%T%Flnto t wo
optically laﬁs&f@m@nbOUMQQKW’éﬁqepegbéhquehysxmkezsewmamQEnhahe
interfield reqiansyd AAneseRethedastil ghrtlEeSHELAL S s thet gl ONS 10 which
t he boundary |1 ne crosses throug I nter |eI essentlalhy

di agonal | y. intexfield, whiehsgurdagpcargacorse ndesoneditp produce

charact erjged ygbr Rfanhhifgl atferchke%dcbﬁmeﬁssaﬁhaéfy line B}y stegd ed along the
centre line into tw interfield parts and the jnterfield parts are for

their part 255°%§ﬂ$9%|4%W¥Febﬂ§eépédlé§§§ﬁtPaY??lﬁﬁ%&Rwﬁ§ Yento two
optically diffigneidi nattienf dehditgoileading soctha aé@yerminativ oM £ach
interfield part t he |ﬁterf|eld regi ons represent a design of the
surface areas F W - boundary |ine crosses through the
interfield par2. 30 esséehisalrl gediiagonatbydintetbotlaimyl) i nes of one

nuer T ol Pardy ALl oha SHNBhaLRET 1BEGrPALIal Yl Nsones B1 0 angle to

each ot he ) evice accort _
char act erl zed bisadtad &sgeagdndlyl diegonaddysinhe oty QBticakhkyinterfiel d

?ﬁf:p;:g:gyrgkﬁgﬁgﬁgbi 3¢ RirSReLS rblyions iAPRAEK! ALY VRt Ol
%nterfleld regions represent a design of the surface

regions in which the boundary line crosses through the

20 interfield essentially diagonally.
3. Sensor device according to Claim 1,
characterized in that the interfield is essentially
bisected along the centre line into two interfield
parts and the interfield parts are for their part

25 essentially bisected essentially diagonally into two
optically different interfield regions in such a way
that in each interfield part the interfield regions
represent a design of the surface areas in which the
boundary line crosses through the interfield part

30 essentially diagonally, the boundary lines of one
interfield part and of the other interfield part lying
at an angle to each other.
4. Sensor device according to Claim 1,
characterized in that a diagonal line crosses through

35 the interfield essentially diagonally and bisects it
approximately into two interfield regions of an
optically identical nature, the diagonal line being
optically different from the interfield regions in such
a way that the diagonal line and an interfield region
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optically identical nature, the diagonal |ine being optically

different fromthe interfield regions in such a way that the diagonal
line and an interfield region 26
t oget her represent a design of the surface areas in whi ch t he boundary
| ine crosses through the interfield 26appr oxi mat el y di agonal | y. 5.

Sensor device Wﬁ\&éﬁe@e&iﬁnal des gnCl@r apkeshiz€dcknatbas ife
interfield is essentiall ect ed ann% %Ee cegté Ilng ﬁ léwo
interfield Wik &b qq?qﬁﬁﬁ1 1M CFCSEE foRg SSné? i3

crosses t hr ougdpp e i tesifyt eilchgmfatllq;ssent | aI |y di agonal | y and

approxi mately bisects it.intQ uﬂieac erileld regi ons of an

optically identical %ﬁﬂ%ﬁaa Wﬁf%ﬂ%ﬁﬁgﬁgﬁnplh8 Be %g optically different
fromthe iﬂterdh&ﬁatt&npznd;mn1thaﬂ1thamxmt@héueﬂd eachssentialbyfield part

the diagonal |ngadh andf Sld Sldhere 1550 90 chORGbNSReEEPIERANt @ desion

of the surface are oun I ne crosses through the
interfield parpakipphrand ridt achiiinferfiiiedd Pﬁétdﬁaééﬁgpnal llnﬁnes of one

interfield paréré%%héﬁtﬁfﬁﬁgﬂtﬁﬁe 1nteffHQQHfb%&@ Q@%EnEYhﬂg{at an angle to
each ot her. ensor device according to Claim

char act eri zed 952 ¥9Ral bhand APRLAN iMatehyr Pdsecks dbennto 1nnﬁﬁ%%r of

positioning figisls ®io tﬂecaemelsd R AP f an o?ﬂ@hﬁ@lyaﬁldeﬁtﬂéél espondi ng
odd nunber, one Iess éhﬁ q%ﬁgl nt.erf.i el ds .of dif

ig Sk %gs to. one
anot her, and ipatures e NS 1£ﬁe°P&éﬁP ¥ OSFLRFEREr-i denti cal
25 to one anptderthe intekfield regiameoundemnheaawagrdhag in €aehm 6,

characterized jn_that e G field CONr i r ning fields
and three |nte+??% %E?fé]paé%;%he d gﬁéoéigévﬁgé 38c%?5?ggi%%8CJa?n16 30
characteri zed regi¢nutQ¢EthHKk¥§Qﬁ6ﬁﬂ@¢dalme@lgn ofpthet sunfagef aceds
correspongg {032 el 1k Hoddiary 1indPRdldAY RY,blighdiha the code field

and conpri ses %mﬂ£05| rmation Whi can _bé eval uat ed bi t he
scanni ng devi ctn |Ha¥§sﬁﬂPRMﬁkﬂﬁﬁﬂ%ﬂﬂdhﬂ%@nglepo§h?|éhﬁﬁgnﬁ eldis
located in a Sfﬂ@@@ff&r@%@&ﬁeld R P a3d loffmtﬁe Btﬁhés al ong the
centre |ine. Sensor device according to C aim8,

1nterf1eld part lying at an angle to each other.

6. Sensor device according to Claim 1,

20 characterized in that the code field comprises an even
number of positioning fields of the same size as one
another and a corresponding odd number, one less, of
interfields of different sizes to one another, and in
that the interfields are identical or mirror-identical

25 to one another.

7. Sensor device according to Claim 6,
characterized in that the code field comprises four
positioning fields and three interfields.

8. Sensor device according to Claim 6,

30 characterized in that the code arranged in a
positioning field corresponds to a position of this
positioning field in the code field and comprises
positional information which can be evaluated by the
scanning device and specifies at which point the

35 positioning field is located in a sequence formed by
the positioning fields along the centre line.

9. Sensor device according to Claim 8,
characterized in that in the positioning fields the
code respectively comprises a group of lines of at
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characterized in that in the positioning fields the code respectively

conprises a group of lines of at 27
| east two rectangular |lines and a rectangul ar i nterspace lying in
between, the lines and interspaces being optically different from one
anot her and a respective |longitudi2afal direction of the lines and 5

| nt er spaces. 1 UGG Bho [N ARAlAS i ente]! keckbAgular Of the code
field over its entire extent Sensor dévice according to
Claim9, %ﬂ%ﬁ%&ﬂ%ﬁ?z%XFHQ1%quﬂeQW%?nwe§ﬁ§c#?9§spé§¢tFBﬁgrﬁPaﬁes

plurality of pesidd Ocsptﬂg?ém_} dsi fifedeh® Gadm tmel dnatﬁeioandCQdeddby
consecutive numerical, valu , or i,ce accqQrding to
Claimi1, Eﬁéﬁ%@%b ?Z%qu%quﬁﬂgi ﬁ%ﬂ%§t§8& % §hﬁl ﬁBth%nangular
position of thenvéeespageslineotirn aabadightthengpeiscab the cempreeliserel ated
to a reference ectlo I at_a 1 predet ermined angul ar position to

t he pl ane of t%g % Sde f&ega|%¥er 1ts epyire ©XLe8Ensor device accordi ng
to Caiml, 10. charact%&ns&nidavndeaacmhadﬁhgneooClahm 8eode carrier is
arranged in a ppskilo: P &fCLEHHAELN dlipR¥SLEMRL1200nsC0pr g nat es and
in the scanning plane the angul a I'on of e viewn I rection
about the optiehirality cehtpasitsionangt dd ellelsa inetbeepededifieddi ®hehavi ng an

angul ar posi ! i 0048d P! ESHBARMIve hieBiZaMaliues . cOOrdinates. 25 - I3,

Sensor device according to daiml characterized in that the
reference direttion I|essensor(ﬂﬁﬂ%ﬁﬁm%QQQ}dﬂ8gtﬁ8 pLaAB &f the code carrier
and the Obh&££4 St &F Bz S aarablie |t|her %Icahln@ﬁgt Flaﬂéhtﬁé hghghDar

three nutually orthp ona% i rectians, E IIeI to the
reference direRPFbht h ?\M}QﬁﬁﬂﬂwglreCthPeaBSP&II 81pl ane of
the code carriee¢ntre isldelated tidsa Qkfbh@n&enﬂﬂtedeibnelyingrdtng to daim

or t hogonat S rRRd SFREFAS it 7 Bekitobs tos Bulhifpe gg, FHbcBod 15

Use according tcarlearm 14, in which the machi nes or devices are

i nt ended for tfg autonaigéhsor dé%&%%@%%k%&dﬁ%gtE%abﬁﬁﬁh Qf el ectronic
chi ps.
P characterized in that the plane of the code carrier is

arranged in a position predetermined in the system of

20 coordinates and in the scanning plane the angular
position of the viewing direction about the optical
centre is related to a reference direction having an
angular position predetermined in the system of
coordinates.

25 13. Sensor device according to Claim 11 or 12,
characterized in that the reference direction lies
orthogonally to the plane of the code carrier and the
objects are displaceable in relation to each other in
three mutually orthogonal directions, of which one lies

30 parallel to the reference direction and the two others
lie parallel to the plane of the code carrier.

14. Use of the sensor device according to Claim 1
in a mounting robot which can be moved in three
mutually orthogonal directions for a line of machines

35 and/or devices.

15. Use according to Claim 14, in which the
machines or devices are intended for the automatic
processing or treatment of electronic chips.

16. Method of automatically determining a

A



16. ' Met hod of automatically determ ning a _

28 position of a displaceable robot with respect to an obj ect
with the aid of a control of the robot and a sensor devi ce according
to Claim 1, the scanning device bei ng arranged on the robot and the
code carri er being 5 arranged on the gject, characterized in that the

r obot ' mm&@e&fby &fﬁoﬁﬂ%aﬁﬁe 'fafb%tchl%hmsb aat ¢ tRe,, angle

of V|em/covers plural ity of sitionin eupon the

conputing ci rc‘BfPle%"éI"&{ﬂ}ht‘&e igich of a W@d’@tlelorfl tb¢ spbpsmadf eoor di nat es
t he coordi nat e§ex@§oleith9e o d i e e %Mﬁdﬁ 1", e%B%Cchaﬁné Qr QQ@EFE”‘ ned

poi nt of the de field and, prepares |t for use by ontro

17. Met h "afb%d?"atf &d @ dihe Tebothans: tee; E@ée carrigrthaingin a

first phasg, tderamped drs mﬁsldbjmftd l&a]r%ctetrh@eaomhf Qhat”tﬁHCPoBo‘Eﬁy t hat
t he angle of v: e entire cqde in a second

| d, an
phase, %\év)s J}/tg%%be%lbdée § FPE CGode ééﬂFF‘ 8r WRY H}éﬁ 5h@ay
tEat the ?ng: eamlen@fmmpercsnmﬁwat\pdxnellameﬁft ﬁomg@ngﬁglnggfglgrltgﬁlﬁlt ds and
AL dwﬂé%éﬁbdﬂ1 nate Inﬁth ﬁ%p a%EH?Pgeﬁn%H fespect to a

cal cul ates the coor |ca
pr edet er m ned Eﬁ#¢ﬁtQﬁm%qﬁﬁ(ﬁﬁﬁ¥qm(ﬂﬁjammidpmemaseghetcoordlhateasefby t he
control. 10 e opticdfetdaftacsa f* ao%c@ %b”gléreﬁla%%@%ﬁégzed 25 in

that the selected 05|t|on|ng fiel are-sel ect asis of a
conpari son of EQ&R¢) Rodihfy Ghden field angopreppsrdi A ferause byl bkein the

control of trmtontrorobot 19. Application of the ne;hod
accordi ng to Ci i m30 aéﬁﬁ cont | 1'ing a_munting robot which can be
moved tee mut S30 §Pr E4PRBN4 67 oFhATRFRETBEE

machi nes and/an1dﬂuﬂne&n.a flﬁ&l phase,Amnbl@abb@nlgcggggtmgngg aim 19,
in which 4 % (%P vi_ces _ar, |n%gndeg hs aut oma }C 35
proceSS|ng or Treatmnent of eI Eni"eY cﬁﬁﬁ§ e°sngle’ of View covers

the entire code field, and, in a second phase, 1is
positioned closer to the code carrier in such a way
that the angle of view covers only two selected
positioning fields and the interfield lying in between,
20 whereupon the computing circuit calculates the
coordinates of the optical centre with respect to a
predetermined point of the code field and prepares it
for use by the control.
18. Method according to Claim 17, characterized
25 in that the selected positioning fields are selected on
the basis of a comparison of their éoding with a
corresponding default value in the control of the
robot.
19. Application of the method according to Claim
30 16 for controlling a mounting robot which can be moved
in three mutually orthogonal directions for a line of
machines and/or devices.
20. Application according to Claim 19, in which
the machines or devices are intended for the automatic
35 processing or treatment of electronic chips.
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