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effects exa surenent unce Fes occur t
.la is brought into contact with an object and its position is then determined. The invention

further relates to an array for measurement of structures of an object by means of a feeler
assigned to a coordinate measuring instrument and comprising a feeler element and

preferably a feeler extension.

For measurement of structures of an object, coordinate measuring instruments with
electromechanically operating feelers are used with which the structure position is
determined indirectly, i.e. the position of the sensing element (ball) is transmitted via a
feeler pin. The attendant deformations of the feeler pin in conjunction with the active
friction forces lead to a falsification of the measurement results. Because of the strong force
transmission, measurement forces also result that are typically in excess of 10 N. The
geometric design of such feeler systems limits these to ball diameters greater than 0.3 mm.
The three-dimensional measurement of small structures in the range of a few tenths of a
millimeter and the sensing of easily deformed test specimens is therefore problematic, if not
impossible. As a result of the not completely known error influences due to deformation by
the feeler pin and feeler element, and the unknown sensing forces due to stick-slip effects

for example, measurement uncertainties occur that are
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permits tracing and control on the monitor of the posmon of the feeler ball relative to the

workpiece or to the hole therein which is being measured. The measurement proper is

conducted electromechanically, so that the above drawbacks remain valid.

An optical observation of a feeler head in a coordinate measuring instrument is also shown
in DE 35 02 388 Al

To determine the precise position of the machine axes of a coordinate measuring instrument,
at least six sensors are attached on a sleeve and/or to a measuring head in accordance with
DE 43 12 579 Al, for enabling the distance from a reference surface to be deterinined. The
sensing of the object geometries is not dealt with in detail here, instead a proximity-type

process as a substitute for the classic incremental path measurement systems is described.

US 4,972,597 describes a coordinate measuring instrument with one feeler, of which the
feeler extension is pretensioned in its position by a spring. A feeler extension section
passing inside the housing has two light-emitting elements at a distance from one another
for determining by. means of a sensor element the position of the feeler extension, and

hence indirectly that of a feeler element arranged on the outer end of the feeler extension.



typically in excess of 1 [err]m A correspondi ng nmechani cal - f eel er
coordi hate neasuring instrument is shown for exanple in DE 43 27 250 Al.
Hére a visual check of the nechanicdlly sensing process can be made with
the aid of a nonitor by observation of the feeler head using a vi deo

o cal| e Uo oPREl TR yif oty BRPRCTRY Mol B edktichitic QMR oF, |

the wor kpicegmsetidhRaP feeldtayMeme OThA gt f10tess Prapepdy agdin at:huamad”lljy Jorde
control on the nonitor of the position of the feeler_ ball ative t he

‘wor kpi ec érapgmisgion ﬁr@nhmeéeqlm@nwtmﬂ@rfwlgr iR ViRSPRBg Slrmsats t? PROSQ% L 8fent
-proper i sc.cond L 6n reLart gemain
val i d. aﬂ{gﬁt én%g ?(%) vatlgﬂr%ﬂg%n%%tj TS?I% ’lf.?%etdrel n aﬂgg\g%?{late Elrr{é]gsurl ng
I nst r unengditest.al so shovvn in DE 35 02 388 Al. - To determ ne the precise-
position of the machi ne axes of a coordinate neasuring instrunment, at |east
Sirx sensors are attached on a sleeve and/or to-a neasuring head in

accor dangg %)Ear | dedtst B&14 pihe G figitMeolrdegidpr ence
surface to eg% eré? 'ﬁiCéTT%‘eCﬁ\senéﬁlgﬁo?%%e obj ect l:(f:]'ieomatrllées I s not dealt
Wi th in defledtinghargets araskrmadl aheppositionst of Which q:empasdlyameasngEtiﬁ @9f or

the classic increnental t nNs .i S d scri bed.
675 oo asad o PEAROL T Blo PRATOADEIER). THY et telneras bis Biied maREy o
hi ch theyf RileSiongidscHiohd the! sirfBl LS bRAF t bfinleasurdSi tion by a spring. A

.feel er extension sectiorr passing Inside the housing has two |light-emtting
el ements at a distance from one another for determ ning by neans of a

Chat Cof - a¥iBabisimeinBheiie paRFER oF i freer Elestiob 1 SrgoioBRALY ARFulad b8 U,
3 The O% ﬁ{%ln l'f}yﬁ'faﬁ 1BREE ofi‘ Eﬁxﬁlaﬁ' ePhefelSlutie of kiRSevefalP AileBsurErent’ sysRA is

systens ctrorre anical feeler systems. The sensing process pr oper is
agai n_ac'tieavediytly dintitedt byriberisensoomesolusiont Thetuse| &fr sushestistems & theeeforse| er

pinvia s el enents to t The a far‘ t d r

bendi ng a&ﬁlﬁ ‘B%ng?lﬁgmf '&‘Fc‘?s? é’?&Fﬁgﬁ"é OV Ji5auisemen H‘éo%{P | sﬂ?'n%}?rec Ehlw &er
measur e | ALae - HinGled afill Gbcuideyid pradtide (RaFseie liited k@ teaheagiRment tmlafgeg ht
sources or reflecting targets are known, the positions of which are

opti cal | yparsasured (DE 36 29 689A1, DE 26 05 772 Al, DE 40 02 043 C2). The
feel ers thensel ves are noved manual |y or using robotlcs al ong the surface
of the body to be neasured.

Aiming at the position of the feeler element using a microscope is also known. In this case,
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the transmitted-light method is used, so that only structures such as all-through holes or
similar can be measured in respect of their diameters. In view of the visual evaluation in
the microscope and the separate arrangement of feeler element and optical observation
system, neither measurement of more complex structures (distances in complex geometries,
angles etc.) nor automatic measurement is possible. Systems of this type are as a result

highly prone to faults and are therefore not offered on the market.

The problem underlying the present invention is to develop a method and a device of the
type mentioned at the outset such that any structures can be determined with a high degree

of measurement accuracy, with the aim of precisely determining the position of the feeler
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Wth this nethod, the position of the feeler element is stereoscopically
deterimned in its position by triangulation or sinmilar. The resol ution of
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from the position of the feeler element itself or of a target. Here the deflection of the feeler
element can be measured by displacement of the image on a sensor field of an electronic
image-processing system using an electronic camera. It is also possible to determine the
deflection of the feeler element by evaluation of a contrast function of the image. A further
possibility for ascertaining the deflection is to determine it from a size change of the target
image, from which results the geometrical-optical correlation between object distance and

enlargement. Also, the deflection of the feeler element can be determined by the apparent
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The publication US-Z.: Quality, April 1998, p. 20 ff. contains the proposal
t o .neasure structures of an object by. neans of a feeler elenent by

det er mi ni ng its position with an opt&:al sensor. It is essential here that
the feeler is sharply inmaged. It is known fromthe publication US-Z
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an illustration of a feeler element whose position is optically measured.
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met hod.  extension from which the target or feeler element extends is deformed during the measuring

process, since the feeler element or the target is not indirectly measured, as in the prior art,
‘but directly. With the method in accordance with the. invention, holes, bores, depressions,
undercuts or other structures with an extent in the range of at least 50 - 100 pm can be
- measured with an accuracy of at least + 0.5 pum. This enables three-dimensional
measurements of very small structures to be performed, a requirement which has long been
felt for example in medical technology for minimally invasive surgery, in microsensor
systems, or in automotive engineering to the extent that injection nozzles, for example, are
concerned, but which has not yet been satisfactorily solved. Thanks to the direct
measurement of the feeler element position or of the target clearly assigned and not
movable relative thereto, a direct mechanical/optical measuring method using a coordinate
measuring instrument is provided that operates with high precision and does not lead to
falsifications of measuring results even if the feeler extension becomes deformed during the

measuring process.
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el ement to be brought into contact with the object. In particular, it
shoul d be possible to neasure out b8res, holes, undercuts or simlar, and
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radiating and/or as a reflector.

The feeler element and/or the target should preferably be designed as a body such as a ball

or chin_der spatially emitting or reflecting a beam.

- In accordance with a further embodiment of the invention, the feeler element is connected
to a feeler extension such as a shaft that is designed elastic to bending.' The connection can
be made by gluing, welding or any other suitable type of fastening. The feeler element
and/or the target can also be a section of the feeler extension itself. In particular, the feeler
extension or the shaft is designed as or incorporates a light guide via which the necessary

light is supplied to the feeler element or to the target.

The shaft itself can be designed as a feeler at its end or can incorporate a feeler. In
particular, the feeler element and/or the target should be interchangeably connected to the

feeler extension such as a shaft.

In order to determine almost any structure, it is furthermore provided that the feeler extends
from a holder adjustable in five degrees of freedom. The holder itself can in turn form a

unit with the sensor or be connected to the sensor.
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penetrating the object and/or emanating fromthe feeler elenment or target.

I n accordance with the invention, the,position of the feeler elenent
resulting fromcontact with the obj ecz is determ ned optically, in order to
nmeasure the shape of a structure directly fromthe position of the feeler

element itself or of a_t t. .Here the deflection.of the.feeler, el enent
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possible to determne the deflection of the feeler elenent by eval uation of
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directly determned with an optical sensor, and in that for neasurenent of
the struct ¥ arefult he obj ect using the optical sensor certain coordi nates of
the feeler element or of the target are linked with those of the coordinate
measuring instrunment, with the position being determned in the transmtted
| i ght or r &bt exdmsle, it 3 providedatlatan tbeler elemene lof sensimselement ot & eargeredssigned

el ement or target. L . .
thereto can be determined in its position by a sensor such as an electronic camera once the

former has been brought into mechanical contact with a workpiece. Since the positioxi of
either the feeler element itself or the target connected directly to the feeler element is
measured, deformations of a shaft receiving the feeler have no effect on the measuring
signal. In the measurement, it is not necessary for the elastic behavior of the shaft to be
taken into consideration, and plastic deformations, hystereses and drift effects of the
mechanical connection between the feeler element and the sensor cannot impair
measurement accuracy. Deflections in the direction vertical to the sensor axis such as the
camera axis can be determined directly by displacement of the image in a sensor field in
particular of an electronic camera. The evaluation of the image can be performed with an
image-processing system already installed in a coordinate measuring instrument. This
provides a two-dimensionally operating feeler system which can be connected very easily

to an optical evaluation unit.

For sensing the deflection in the direction of the optical system axis such as a camera axis,

there are several possibilities in accordance with the invention, for example:
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optimization the other way round would be useful: even a minor deviation from the
focal plane should result in a clear change of the imaging scale. This is achieved by
for example moving the optical entry pupil to the level of the focal point on the
object side. If possible a high depth of field should be achieved to permit high-
contrast imaging of the target over a relatively wide distance range. An ideal optical
unit as regards its imaging properties for the application described above would be
for example a pin camera. By the use of an annular target, size changes resulting
from lack of focus can be minimized: it is not the mean ring diameter that changes

due to lack of focus in the first approach, but only the ring width.

3. In a third option too, the size change of the target is evaluated, however this change

results from the combination of geometrical-optical size change and the apparent



nmeasurenent of the feeler element position or of the target clearly

assi gned and not novable relative thegeto, a direct nechanical/optical
measuri ng net hod using a coordinate asuring instrunent is provided that
operates with high precision and does not |lead to fal sifications of
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i's characterized in that the feeler extension is designed elastic to

_b_endl ng. target is invariable.

In accordance with the invention, direct measurement of a feeler element position is used
for determining the structures of objects. Generally speaking, many different physical
principles are usable for the direct measurement. Since the measurement of the feeler
element deflection in a very large measurement range in the spatial sense must be very
precise, for example to permit continuous scanning operations, and to allow for a large
excess stroke during object sensing (e.g. for safety reasons, but also to reduce the effort
needed for precise positioning), a photogrammetric method can also be used. Two camera
systems with axes oblique to one another can be used. In general the evaluation techniques

known from industrial photogrammetry can be used.

With two cameras "looking" for example obliquely toward the longitudinal direction of the
feeler element or to the ends facing said feeler element of a feeler extension such as a shaft,
all measuring tasks can be performed in which the feeler element does not "disappear”

behind undercuts. The use of a redundant number of cameras (e.g. three) permits
measurement of objects with steep contours too. For measurement in small bores, a camera
can be used that is arranged such that it is "looking" onto the feeler element in the
longitudinal direction of the feeler element or feeler extension. As a general principle, a
single camera aligned with the longitudinal direction of the feeler extension such as shaft
holding the feeler element is sufficient in the case of two-dimensional measurements (e.g.

for measurements in bores).

For the use of the feeler in accordance with the invention, an actively light-emitting feeler
element or other active target is not essential. Particularly high accuracies can be achieved
with light-emitting feeler balls or other light-emitting targets on the feeler extension. The

light from one light source is here supplied to the feeler element such as ball or to other
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<page 5a> An array for measurenent qp structures of an object is
characterized in that the coordi nate neasuring instrument conprises a
sensor for optical position nmeasurement of the feeler elenment and/or of at

I t t di tly [ dt to,,. d I ' ' '
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measuring instrument and on the othér hand fromthe position of the feeler

el ement aiatgety if dhese igentain LEBRstfop axanple.gEhe reasen fior thege designst is dhaspléctroniest em
-and in that the sensor, for a_jointl djustable unit wth at | east .t he
foel or el BiABRCYSUHS SPeh S PiioBrmiamuetic, Sy dfhiih BArfcull chost for wBicrostiitalbne,

be desi gngghalb&hictures, régliifetd mgh HgHY Dtensity. af S ligRtio Birectly suppBed fLthe fediére ment
and/or the target should preferably be designed as a body such as a ball

or cyl i nddemeniain targejedetorm; thegnesesspey lighttinteasity eanabg reduced pongidesatdynand wit h
f h i i is . LS - .
2 foel o BEPERRLTRE thefthar 196 b HENHGR auifg ole BB BT R vall i BRSO 110

connect i ofecleRBlemeRE thebeulbss Ml ideally, higlecohtrgt aid ideallyodiialar shagabf tetfyglér of

fastening. The feel er el enent, and/or the target can also be a section of
the feel ebalbfioahgvery direction vipwedaFhis capples in particulsr dp the dise 0fsa o¥plemet he

Tlont i o SSperPRg faCErs RaEIBAAR 6 adhchirte B bRAAAI MY Shibd iEERORTY
i tsel f casbjbe iteKiigoaly brighlyfilleminatedt inithe immediate vieinity rof alie) feeidr call. Herd er .
I n particular, the feeler element and/or_the tar %het shoul d be,

i nt er chan@egyey theofesies ball image resulting dgqma reflsctions; pp thes oRiRCt-8 practicgralways

appears less bright than the feeler ball itself. As a result, errors can be corrected without

(on

difficulty. Externally illuminated targets do not necessary have these advantages. It is also
- possible to design the targets fluorescent, so that incoming and outgoing light is separated
in terms of frequency, and hence the targets too can be more clearly isolated from their

surroundings in the image. The same considerations apply for the feeler element itself.

To measure in small bores or on very steep structures too, when the feeler element cannot
be measured itself or not measured by several cameras due to shading, the position, the
orientation and the curvatures of the light guide fiber in the visible part-areas can be
measured in accordance with the invention by sensors or by photogrammetry. From this the
position of the feeler element can be calculated, e.g. by applying the fiber curvature in the |
form of a parabola with linear or square term. The measurement with different excess

strokes (more or less positioned into the object) and then taking the mean of the feeler



In order to determ ne al nbst any structure, it is furthernmore provided that
the feeler extends froma holder adjustable in five degrees of freedom
The hol der itself can in turn forma unit with the sensOr or be connect ed

to the sensor. is al so
ible f t he f t d{ t he .t to.b d t
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axis, there are seve poss e i nvention, for
exanpl e:  position is experimentally measured (calibrated) as a function of the §iber position and fi ber

=

curvature (zones of fibers at some distance from feeler element). Here too the measurement

of targets attached along the fiber is possible instead of measurement of the fiber itself.

Calibration cén for example for achieving by sensing a ball from different directions and
with different forces (more or less "positioned into" the object), or by a known relative

positioning of the feeler system relative to the clamped feeler ball.

The separation of the feeler element - such as feeler ball - and targets additionally reduces
the possibility of disruption of the feeler element position measurement by reflections of the

targets on the object surface.



The deflection of the feeler elenment in the direction of the sensor axis

(canera axis) is measured by a1%ocus system as al ready known in
opti cal coordi nate neasurenent echnol ogy for focusing on workpi ece
surfaces. Here the contrast function of the image is evaluated in the

el ectroni . . ] ' e [ el i.n_the
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o range. An | opt1 cal unit as regards I1ts imagi ng properties for
“the appl imenson descri bed above woul d be for exanple a pin canera.
. By the use of an annular target, size changes resulting fromlack of

< focus can be minimzed: it is not the mean ring diameter that changes

~due to | agkas@fenfed Wath Sndlh feeldr eRmeMRP6RGL Entaillih 1886 YiuiBer 6f B&stroled feeler 3.
In athird option too, the size change of the target is eval uated, however

t hi s charpies (feeler elements fdeles extensionh WVith thei systemvin adcordavewithdhe inyentiom|
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that the actual size of the target is invariable. I n accordance
wi t h t he dlementicamhe quite lacge. Foneiample the sifaftdengtk can begweatenthap ke movement used

for determni t he structures. of object.s, neral l.y speaki Jany .
differ ent‘a‘ﬂﬁfyé}?@ﬁlsyﬁ?rfln%q %F%@Slg{l & B a"(?ﬁ%glf‘bgel%af]_ﬁ‘?l%e%‘ﬂ)@e‘if’g%?té%ﬁ%?uvgi nce
t he neasubenesiafOlenthas bekive witheumitficiRy. Fisd feillt isTa BighGfiberertisgfety of the
measurenent range in the spatial sense nmust be very precise, for exanple to

permt cousemandsgood seannabilinh Mse, highsensing  spesdsinre prssible withoyt damagingthe

tSLrOk?deC{bi'&gs'g'?%F%Ct sensing (e.qg. for safety reasons, but also to reduce
e effort-neede

for precise positioning), a photogrammetric nmethod can
al so be used. Two canera

Photogrammetric systems or other known optically operating sensor systems permit a
mathematical alignment of the object before the actual start of measurement thanks to the
image information from the lens. This permits accurate sensing of the object in the actual

tactile measurement.

There are in this system two types of elastic influences that can lead to measurement



systens, wi th axes oblique to one another can be used. In general the

eval uati on techni ques known fromindudrial photogrammetry can be used.
Wth two caneras "l ooking" for exanple obliquely toward the | ongitudinal
direction of the feeler elenment or to the ends facing said feel er el enent
of a feelgﬁvﬁ§5ﬁ$sion such as a shaft, all neasuring tasks can be perforned
in which t eel er el enent does not "disappear"” behind undercuts. The use
of a redundant nunber of caneras (e.g. three) permts neasurenent of

objects wi,th steep cantours . toq. Faqr asurenent in spall bores, a capera
San be usdd t habe SPace o thecaliert Al (40 13 TIRESRE ARCRAS OOt 6 e
element in the i | o' { : feel er
ek&ﬁlﬁﬂi td3dro By rﬁée%shféﬁleﬁ{ M6t 1€8t &Fo f‘élngﬁg rces.

ext'ension. As a general princi a single canmera a wth the
1ongitudinal direction of the feeler extension such as shaft holding the

feeler elgment s sufficient jn the case of two-di si gnal measurenent s
(e.g. for “meas !l’gnlﬁﬁ*flsref e'ﬂﬁ?rﬁ?‘}‘. ﬁertqu} Sf?’?é.l?%‘ge%'f gﬁﬂ@n‘?é’g\‘eﬁ sP'l%.”ﬁé 8ance
with the inventekRits can iPfelqhitéd ¥.el f&hﬁglﬁpieutsw&gnéﬁafeﬁren@bfs_ta%siﬁémqibﬁ&&s) -
active target is not essential. Particularly high accuracies can be"

achi eved with [begtlimisatediiyhg meashremeptiwith atr leasthewo diffement csensing rfgraesragdt s

on the feeler extension. Thedijght fraoamane Light source is here supplied
00 the fool or ERBRIsRE oBE el sshefh enpet”.
10 targets of .the feeler extension for exanple via a |ight guide fiber

which can itself be the feeler shaft or feeler extension. The light too can
‘be gener atl¢ gxtrapelatioto thedbrcegzenof in the segpnsbeasei§ pessible sivem thei detfommdions or

exanpl e. The reason,for.these desians, ISt ectroni.c i yfystens such
s phot ogrararite 8 Ho it SerdA, mipelR) oA Ghuhe BREF AT\ Sl
‘structures, require a high light intensity. If this light is directly
supplied to the feeler elenent in targeted form the necessary |ight
intensity can be reduced consi derabl ¥ =30 fience al so the thermal |oad on
the object during the neasurenent. If a ball is-used for the feeler
element, the result is an ideally high-contrast and ideally circul ar inmage
of the fee&ligre:ball fromevery direction viewed. This applies in particular

i-n the use of a volunme- dispersing ball. Errors fromimagli)n of structures
of the objl¥ct idefmptign at theqointpf coptaetebatweenphiectand fecles qllg only brightly
i1lum nat in m WM of the.: ball. Here however the
feeler balel;lq i nafélg:grdésul q?%?#@%@e %aoc |(§E§s‘ﬁo€ﬁltrﬁéé object in practice

al ways appgars doastantbri ght than the feeler ball itself. As a result, errors
can be corrected without difficulty. Externally illum nated targets do not
necessary have these advantages. It is also possible to design the targets
fluorescenry, so that_incgmmgsand outgoing light is separated in ternms of
frequency, 'and hence the targets too can be nore clearly isolated from

t hei r surrundi ngs i=n thd(xl?yg@e. The sane considerations apply for the
feeler el itself. 0 rga. in small bores or on very steep
structureggr'ta'géz,' whert t he I{%E{Tg’? zg}nant cannot be neasured itself or not
nmeasured by several caneras due to shading, the position, the

From the above is derived the value of K when the difference (D, - D,) is known from the
measurement and when F1 and F2 are known. It is now possible to calculate the
deformations D, - D, in relation to sensing with "zero" force. The force-proportional values

are for example the movement distances calculated starting from the first object contact.



orientation and the curvatures of the light guide fiber in the visible
part-areas can be neasured in accordapce with the invention by sensors or
by photogrammetry. Fromthis the position of the feeler elenment can be
calcul ated, e.g. by applying the fiber curvature in the formof a parabol a

wth |ine . e term  The neasure t with djfferent excess strokes
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-relatively low refractive index). It is also possible in accordance wth
t he i nverdtdghe depler qlementican (vasy greatly, dvea tot logaliywaviness and ronghnessrfgatueson t he
-I'ight guide fiber, to nmeasure the position of these targets by
~photogrammetry in particular, and to calculate the position of the feeler
el enment  aifahe Hertglay anBahé Hneur eediifonee afd 6f the Shive VRds dfibagnitaad, BAng Ay

targets thgt are ng%ﬁot herw se present on the fiber. A good |ight Tncidence
“into the BafFast three forpescisecespary; agd,peth the linear|angd the lertaiangesiliensseronstant of
-the shaft SX& \ t sll.lﬁ& | SREL S alls with
* t hrough- hnc}Péetheont om%ﬁ? @h%r?%wié.xggp‘ilﬂg t¥g‘lé erltgg%?e%éﬁog(,gcgnd gl uing them
_there. The vol une- dispersing balls can also be affixed to the side of the
. shaft, i.C .so perm.ts Light incidence, provided that the shaft carries
1ight umfég‘? ?‘Ié"%ﬁe’tcs%éﬁm} the ﬂ’a%‘e@ B?ari Heve 18 smalbbdllsqusedmas feglers arengot

poi nt. A Rakibitfd! Al dadbER R B! igéc% QP t
position riﬁ'glgxperi men:ti ally meag%gg 1(%&?? ra%ég f as gtt %ﬁcﬁ@o@%&%@éﬁ ber
posi ti on powt ¢aopdinates) mayt ber recessane Toomefisubethe atrestior valued, awoeméthods heel er
el enent). Hgl%@,too t he neasurenent of targets attached along the fiber is
possi bl e B9{¥P¥ad of nmeasurenent of the fiber itself. Calibration can for
exanpl e for achieving by sensing a ball fromdifferent directions and with
-different forces (nore or |ess "positioned into" the object), or by a known
rel ative kosi theasiregent of rthe fdemiations pf tthenfeelératlement dironh ahe [spharival ffegher

bal I . The se ation of the fegler, el enent -, .such.as feeler ball - and
targets addi ti%?gf‘f‘?ﬁ"@gﬁ@@&mbhgﬁﬂﬁsfgéﬁﬁ $ysten S'Ft?‘cﬁPE‘Fl PHHTIBE IRSHIMERE o

el enent position nmeasurenent by reflections of the targets on the object

sur f ace. : 12
measurement of the deviations of the feeler element from the spherical form,

performed by measurement of a reference ball with the feeler system itself.

As a general principle, it is also possible to select a different geometry form for the feeler
elements than that of a ball, e.g. a cylinder, which can represent the fiber itself or the

rounded end of the fiber itself as the feeler extension.

Since the feeler element (e.g. a ball) is more or less completely imaged depending on the
direction of observation, and since dirt too has a very disruptive effect, it is best to -

determine the position of the feeler element with so-called robust compensaﬁon algorithms.



I n accqordance with the invention, several feelers can be in use
consecutively; for exanple, various feggler elenents or feeler pins can be
rotated into viewwith a sinple changing unit (e.g. turret. with severa
feelers). It is also possible in accordance with the invention for several

ol emont o radnepde RF ekdnBRIN A Alioh oF wRAR of a0 SpPEhie (ot aRu et

| i ght s of staddardlon- acti ve feel er pins or by other coding neans such as
target size, light color, target position in feeler coordinate system
nodul ation of the light and/or using attached nodels. Feeler pin " )
nmeasur eneph§edo i i i ﬁpﬁm e I re
no | onger@é)ssentnls%l?ﬁ?%gt tef lge ersﬁfﬁg\ggg%;bg'%%ée&w tSL t eeln?]even |’3ﬁ,ﬁl\6§?nce
t he feel etheltahdhingssintaccordamed wittethedrventioh deingdicaemily affeetnd lae aresidtur ed wit h
often sufficient precision by photogrametric neans. Measurenent with
small feeler elenents often entails a | arge nunber of destroyed feeler pins
(feel er elafaly sheRby tiefifRiAfOh of thi Recldilepietit e kB8 'S Ol ¥d B L e
invention, the Teeler pins are 1 nexpensive and easy to replace. Expensive
sensors andt phly fromedeninsidectiraugh thenshaft, lbyt ratso freme thed outsidal vsimg duitable
col i si ons1 since the distance fromthe feeler elenent can be quite | arge.
For exanpP#MIPRIOIPEYIGES] engt h can be greater than the movenent range of the
system so a collision is not possible. Alarge feeler or ball deflection
relative to the shaft length is possible without difficulty. The result is
a hi gh i nReeevariastathet is pofssiblechesy & fomthen Eeelpn elensent ion sdsgets tg be Abtsorreflvictgrs
sensi ng speeds are possj bl e wit hout ' ing the j.ect. surface.

Phot 0gr anfEPia e eg B oraL s aves, SHisPig belR) Bt A8 e inlraBE the capsra s
permt a RRbh jjgal alignment of the object before the actual start of
nmeasurenent thanks to the inmage information fromthe lens. This permts
accurate sensing of the object in the actual tactile measurenent. There
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1. The of @ Ineueenét dbfeRtsOftidefetlet Rfleht (tielf. [IBELEbE ABGE for: méddilenRME OF
fromthis can be extrapol ated to zero by neasurenent with at | east

two sensi figgleatimensional two-dimepgional orthreecdimensinnal struesuresicintpartioylas thefosler
bet ween b gj(éenﬁgrg cgrp b€ ﬁésign%ﬁfag%elightt Q&iﬁg and have a diameter of 20 pm. The diameter of

the feeler element such as feeler ball should then be preferably 50 um.

),

In particular, it is provided that the diameter of the feeler element is about 1 to 3 times

greater than that of the feeler extension.
To increase the fracture strength of the feeler extension when light guides are used, the
latter can have a surface coating such as Teflon or another fracture-inhibiting substance.

Sheathing can be applied by sputtering, for example.

The spatial position of the feeler element can be determined using a two-dimensional



effects can if required (i.e. for high-precision nmeasurenment or for

resilient objects) be elim natigd by a neasurenent with at |east two
di fferent sensing forces and extrapolation to the fictitious sensing
force zero". The extrapolation to the force "zero" in the second case is

poss b & 5164 e el LI OB BECRLNNALL O L LS EPL IS ShE™
D =KxF[e ﬁm}a§es ofwhich akd evalsitddfordeienfinidg $hepMedl Posifibn ©f Mefeklep %iéﬁf‘e;ﬁﬂ

- object and feeler ball F: force (or a quantity proportional to the
.sensing force) K const ant Derr] = KxF[err] Derr]

e dortvCHELRECR S bl b B Byl ks BEOGES

from t he parkalir £ tiRNimapes! twrnevaliatddcdn’bé igendsedby 4 tpokitioRRvhsPes biltfRet O
.calculate the deformations Derr] - Derr] inrelation to sensing wth
“"zero" fAFR¥YI- The force-proportional values are for exanple the novenent
‘di stances cal cul ated starting fromthe first object contact. '

-14. .- Alternatively, these can also be neasured with force sensors, A force
.sensor f compazedwith pareli enechanidally anecasiriey feelef systeins; thiensachingsiif accordance
~phot ogrammetrically nmeasured_or on the basis of changes in the |ight

. ref | ect edyitl thejavsition have thefollgwing adyantages, ABARE §B6FSe or in the emitted

Jlight. It is best to performthe nmeasurement with several sensing forces

/for all high- precision neasuring tasks, since the effective radii in the

. contact poi nt Hiadticesnd pldstic ddfjuentesaand crdepagdeceffeets ofl thermethandcal Woldgr audethe! v

. due to | ocal waviness and roughness features. If the Hertzian and the
“linear resili SAisngshafigo Pﬂ‘eali&‘% eJpeAshriRg resilini t ude, sensing with at | east

~three forces is necessary, and both the linear and the Hertzian resilience
- constant nust be determned in order to extrapolate to the fictitious
"zero" force. Veryflowsensing forcpsr(gekNj canrbe lattainelbal spherical formin snall
ball s used as feelers are not

No precision mechanics are necessary.
- Very small feeler elements and shaft diameters can be used.

- The positioning of the feeler system can be optimally monitored by the operator

using the optical system.

- The systems can be directly attached to the existing optical system of a coordinate
measuring instrument and the image signal evaluated using an existing image

Processor.

- Low equipment expenditure thanks to adaptation to existing optical coordinate

measuring instruments.



negligible, with dianeters of less than 0.1 m a direction-dependent
correction of the sensing point coordijyates may be necessary. To neasure
the correction val ues, two methods are possible: 1. measur enment of the
deviations of the feeler elenment from the spherical form per f or med

roas or omenroph YA 2y St Relbg PG Sy Pond e A iadf B o

form performed by neasurenent of a reference ball with the feeler
systemitself. As a general principle, it is also possible to select a

di ff er ent "geonekheyactust merkaniqah guantiipeare apcasirad. Surfase prapsrties such afegalor andg,
cylinder, whic : . l j e nded end of the
fiber itself ag e@%{eﬁoﬁ gcglﬁlgdréég%‘ég% %d&%ﬁec@%&éafﬁén%@eﬁeéﬁﬂel enent (e.g. a
ball) is nore or |ess conpletely imaged depending on the direction of
Observation, and since dirt too-has a very disruptive effect, it is best to

det er ni ne 1t he pY¥sasuregnents canbe made op thrge-diraensional truchresnat aecessiblg for purely
conpensation al it ; : ; 15
Thene ncl ude. roifen! 8Bms. For example, the diameter and the form divesgence of 8 bore can >
(so-called L1 sbecmeasuctd at differentlstight sectimbods set forth above are however
only necessary in extrene cases, w thout the teachings in accordance with

t he invention being generally affected as a result. General | y speaki ng,
the il umpatiepQe@ils,(da5adtasdstind SbAMRE bf teMBvinttol %S sitfwil 6t Gllffid aPdlai® Not
only fromt ee?ngfla{sé’ thzrlou h the sha?t, l’[)etk}tval s?o%?romthe outgi de using

sui t.abl e idnduimi thaféaturesi theiy cestain - Singly\eadionim combinafien pbutilkd én therfellowinfgor
the feeler, el enent or farget 0 be retra-reflectors (triple reflectors,
cat's eyes‘?es?ré?@é‘c?t?ﬂﬁ}%‘&gleg) °b1‘i%‘t“tsa§hé’wé‘><‘Péﬁ‘?13‘Tal“9”5'l | uni nated fromthe
canera view ng angl e. The feeler in accordance with the invention is
generally not itself restricted to certain sizes of the neasurenent objects
and f eel erIngthedeawingt sel f. It can be used for neasurenent of

Fig. 1 shows a embodiment of an array for measurement of structures of an object,

Fig. 2 shows a second embodiment of an array for measurement of structures of an
object,

Fig. 3 shows a third embodiment of an array for measurement of structures of an
object,

Fig. 4 shows a fourth embodiment of an array for measurement of structures of an

object,



si ngl e~ di nensi onal , two-di nensional or three-dinensional structures. In
particular the feeler extension can {8 designed as a |ight guide and have a
di aneter of 20 pm The dianmeter of the feeler elenent such as feeler ball

shoul d then be preferably 50 [err]m In particular, it is provided that
the dia rsof the, | e I j HE{E { that
of the ng: extensshlogﬁ i gﬁ{ﬂﬁ@h&gﬁgf‘?ﬁ%}# ﬁ??’e S r%hrgg’tf%%g&f%s ¥l er

ext ensi on vvhen | i ghébjetj des are used, the latter can have a surface coating
such as Teflon or another fracture-inhibiting substance. Sheathing can be
applied by sputtering, for exanple. The spatial position of the feeler

el enent ¢ e det ey | ;
16~ neasu |rgtg systMn@h%M el eman? qlqagn e Ig%xgtoftsﬁrrugteur?sa?fge S

assigned to it, theobjedges of which are evaluated for determ ning the
spatial position of the feeler el enent. The invention also permts a
scanni ng net hod for determ ni ng workpi ece geonetries. In particular, the
i-mages tOF%gWeVé" UalifaihsCPlboli BROHPA Bfbt bR bF ATeginSI L1 ve surface
sensor. npared with purely anl cally measuring feeler systens, the
teachings in accordance with the i nvention have the foll ow ng advant ages,

anong .ot hgr El'ast.i ¢ ,and I ast i fluence creepage effects
of the meg’rgaﬁl cal h¥iogse2 seetion fhrous asecoggﬁgtﬁﬂamgq%pf gﬁeq?fot affect the
Jneasuring result. Very | ow sensing forces (< 1 N) can be attai ned.

.No precision nmechanics are necessary. Very smal| feeler elenents
and shaf t Fig. 8net er sshosws dsectior through a third embodiment of a feeler

Fig. 10 shows a seventh embodiment of an array for measurement of structures of
an object,

Fig. 11 shows an eighth embodiment of an array for measurement of structures of an
object, and

Fig. 12 shows a block diagram.

In the figures, in which identical elements are generally provided with the same reference
numbers, various embodiments of arrays for the measurement of structures of an object are
shown in principle by means of a feeler assigned to a coordinate measuring instrument. As
a embodiment, the structure of a bore 10 in an object 12 is to be determined. The edge of
the bore 10 is sensed by a feeler element 14 which in turn extends from a feeler extension

16 and forms with the latter a feeler 18.

The feeler 18 extends from a holder 20 that is adjustable by at least three degrees of

freedom, preferably five. An optical system of a coordinate measuring instrument 22 is



The positioning of the feeler systemcan be optimally nonitored by the

oper ator using the optical syggem The systens can be
directly attached to the existing optical systemof a coordinate

measuring instrument and the image signal eval uated using an existing inmge

processor eelui n X Lipr e thanks t ap Lon t

exi sting %rf) elr%bé}' Lot g:%r? a@g hifdet 50 %ﬁégrs}g P*fﬁ’éeqt h%%r?l}fggﬁﬁgc%n lé %‘fso pos‘“&e'
17 Conphriethowevdr piictl thapthie Copticl Syten! for g sér6t f thy Tbéridnatd Afasuring
;advantages are as_fol |l ows: The actual nechanical quantities are

‘measur ed. insfiimente2 iy pejustable a3 ahunit vity the fegler element 14pin dbe XonY and Z
char acter s:.st - f . r X . nts
an be. i, KbgRRlesd of 6, RS OF (R TealbPSlinbar 14 pelaivg o MRASMCEI™
optical sydé osandao eafphle plahé aakdsaplater Thorel dré chebo variday pogsibiliie fom
bore can e neasured at, different hej ght siec e} Furt her,

.. . b ns. F
detai'ls, Beptugnngde fecler slement ds Lerin theembrdimentpfegle b@i dtheripterssation of, t he

clai ms angl.i Dy 23l iR s Sd Eo i i natd an -
but o e bRt UAAS b Real Bbe fis B peRIIOT e URE I A" 1
drawi ng. embodiment irBigd hpr the feéelpr edtension 16 lwobsinsertaddarailyrfromfthealolder20) f or

_f:{reasurerrent ﬁl‘ str ucturg of an obj ect, Fig. 2 shows a second
“enbodi mentiifhegpugal axjs measurement of structures of an
.obj ect, Fig. 3 shows a third enbodi nent of an array for neasurenent

of structures of an : obj ect, '
. In the embodiment in Fig. 2, fastening arms 26, 28 extend from the holder 20, end outside

the focal plane and are used as a receptacle for a feeler extension 16 inserted laterally into
the optical axis 24, said feeler extension being connectable by a coupling piece 30 to the
feeler element 32 which, via a rod-like section 34 passing along the optical axis 24, merges
into the feeler element 14 proper in the form of a ball, using which the structure of the edge
of the hole 10 is determined.

In the array according to Fig. 3, an L-shaped curved feeler extension 38 is held by a
receptacle 36 extending from the holder 20, with a straight-lined end section 40 of the feeler
extension 38 running parallel to the optical axis 24 and merging at the end into the feeler

element such as feeler ball 14.

Once the feeler element 14 has been adjusted, it can be observed through the existing
optical system of the coordinate measuring instrument 22 or an appropriate sensor. When
the edge of the bore 12 is sensed, the feeler element 14 changes its position in the camera
or sensor field. This deflection is evaluated by an electronic image-processing system. This
achieves a mode of operation with a similar effect to a conventionally measuring feeler

system. The coordinate measuring instrument 22 can here be controlled in the same way as



Fig 4, shows a fourth enbodi nrent of an array for measurenent of

structures of an obj egt,
18 Fig. 5 shows a fifth enbodi mrent of an array for nmeasurenent of
structures of an obj ect, Fig. 6 shows a sixth

erbod e elhverthl AT ASMERE Rl bybuct ur es of an

obj ect, ows”a sect gh a first enbodi nent of a
feeler Fig. 8 shovvs a section through a second enbodi ment of a
‘feeler hows,a section throuygh thi rd enbodi nent _of a feeler
‘Fig. 10 ﬁler% ARG erigus BOsSIIiies doroRRticalmers g o Fheafselm cHghishis and Fiespare
sstruct ur el , ig. 11 shows an eighth

“enbodi nent oo mr?nncx s “}FIFS nﬁ%sﬁ?gﬁggtmgfﬁst ructures of an _
"obj ect, and Fi g. 12 shows a bl ock di agram In the figures, in which

ari ous. RO ol SXBRPk: AJSTIHSO RS SR (REHRosR. Shth ke sop ohfe

.obj ect arf%e}ahemehﬂ 1@ rdnrkﬁé BE&OP& ERASS fRid & {ie6k8 or %%&hﬂe&dﬁgsen@alqepmy nat e

.measuring I nstrunent nbodi ment, the structure of a bore 10 In an

. obj ect lzramnntdrdaEgMGnﬁhod aedhowmm F@é isfhaweweh that tieOworkpieer siddisipassed
feeler i.ch in turn extends froma feeler extension 16 and
“forms Wi ttﬁ“l“ﬁ’ °1°§’c #¥a feeler 18. The feeler 18 extends from a hol der 20
ithat is adjustable by at |east three degrees of freedom preferably five.

“An optical system of a coordinate neasuri ng i nstrument 22 is
In the embodiment in Fig. 5, the feeler element 14 is subjected to light by reflecting in the

light along the optical axis 24. To that end, there is a mirror 42 above the coordinate
measuring instrument 22 via which light is reflected in through the coordinate measuring

instrument 22 and the holder 20 along the optical axis 24.

A light gnide fiber is preferably used for the feeler extension 30. This has the advantage
that the light is passed through it to the feeler element 14, as shown in Fig. 6. The light

source itself is numbered 44 in the Figure.

The feeler element 14 has in the embodiments a volume-emitting ball form. The feeler
element 14 here can be firmly connected to the feeler extension 30 for example by gluing

or welding. However an interchangeable connection using a coupling is also possible.

While in the embodiment in Fig. 7 the feeler element 14 is glued to the end 40 of the feeler
extension 30, in the embodiment in Fig. 8 the feeler element 30, i.e. its end section 40, is
itself designed as the feeler element. To that end, the end section 40 is appropriately shaped

at its end. It is however also possible to provide the end face of the feeler extension 30 with



19 preferably nounted on the holder 20 itself. A different type of
connection is also possible. It is viever crucial that the optical system
or a sensor of the coordinate neasuring instrument 22 is adjustable as a
unit with the feeler element 14 in the X, Y and Z directions. Regardl ess of
this, an_adjustnent af the feel.er elenent relative to the optical axis
24 and t8'F eé:%xpgcggyerplp%erttgﬁ@lg?meaﬁx 9“%%%éeé?§e%ere various possibilities
.for positioning the feeler elenment 14, i.e. in the enbodinent a feeler ball

“in the intersection of the optical axis 24 with the focal plane. It is
<t her ef or tnsgradifigbservationcefothe ferler elémentt Heitseifo e ireferablyi sphefical targbv46 che

“feeler extension 16.t0 be. inserted latjerally.fromthe holder 20 [nto.the’
woptical S‘zi“éS‘%‘léa S tny %-3"‘8@8%&‘%1?“64 i$ gisgeuon o gl‘tgeﬁreﬁge 26 0288
“extend f pRuhtedahdiodn] @k mfde cRiAf iPRigS i HeTHeReltPEREnPBE tHRRForR s WE RSl eA$ 2
“receptacle for a feeler extension 16 inserted laterally into the optical

‘axis 24, theaspherieal|fegler-glempnt ) Rysthergnare.nsphericab targety 48, 8.u30 aregprovided a80 t o

“the feel : i ' =14 ti i | ong 1 he
Loptica SpaBTSth onf albthésn i Sedler Bllnslo BOEAS & e L BIRPR @ Biot of &
vbal |, uskitlgervhé @bsitibe of theufeblef elefiient M dae@l 6f thehitrgb@! 45 31046, 48061 46,M8)ed.
iln the array according to Fig. 3, an L-shaped curved feeler extension 38 is
+held by éoﬂé@élﬁtaéilg’éﬂg@ lext ending fromthe holder 20, with a straight-Iined
.end section 40 of the feeler extension 38 running parallel to the optical
faxis 24 and nerging at the end into the feeler elenment such as feeler ball
14, OnThe féederfedarhar 14log tiendargtti46,388, 5@ ein belpfredrivts materialysueh as bemies]

“through the existing optical system of the coordinate neasuring_instrunent
22 or anTWPpPioHpssalbaddition, the oftical qunliti gf theapprapeiateslements can b imprpved ne

feeler ebﬁ@gﬁfﬁgﬁﬁmﬂﬁﬁ@*ﬁ%w&@ in the canera or sensor field. This

deflectio uat ed oni ¢ i mage- processi ng system This
~achi eves a node of operation with a simlar effect to a conventionally

measuring, feeler em The coordjnate measuring instrument 22 can here be
COI’ltS lrJO: | g‘ae idﬁamqggs‘{fsal&ﬁ rpggés; extension 3|0 18 preferaglsyulegs t%a}n 186 n , and preferably 20 5
- a convenpPAgl IRENABKER 14 of BRSHge%6, 42 \56 haS ¥ SirEier diameter, preferably one

' between 1.5 and 3 times larger than that of the feeler extension 30 such as the light guidé.

In the area where the sheath of the feeler extension 30 does not have to be traversed by

light, a surface coating of Teflon or another fracture-inhibiting substance can be provided.

The image of the feeler element 14 or of a target 46, 48, 50 assigned thereto can be

displayed on, for example, a CCD field of an optical coordinate measuring machine.



There are various possibilities for optical neasuring of the feeler el enent
14, and these are shown in principlez22n Figs. 4 to 6 and 10 and 11. I n
Fig. 4, for exanple, a transnitted-1ight nmethod is proposed, where the
shadow of the feeler elenent 14 on the sensor or camera field is viewed or

nmeasur ed.wEssential f t transm d-|.i.ght, method as.,shown in Fig 4. is
however t hgtd?ﬁ%ce&}(%ﬁ(%{%%ggfffo L tg%?@dﬁ?lﬂg%%nﬁm@f’ﬁﬁ §ubpixql precigion.
_enbodi merwithth€imgeth&d ik hEcdregicerwith eHe Mvehtior, Sregx‘éhﬁﬁﬁfeeﬁlxeﬁéﬁréth&m With a
sreflecting in the light along the optical axis 24. To that end, there is a
smrror APregi®oRin the 1B sMmeenie possid&uri ng i nstrument 22 via which light is
ireflected in through the coordinate neasuring instrument 22 and the hol der
520 along the optical axis 24. A light guide fiber is preferably used for

‘the feel dn thteaibdiinensGn Figy. J0haf 1hea pRutagranmeetid alethdieis! hsBh! twé dpaesaed
“through it to the feeler elenent_ 14, as shown in Fig. 6. The |ight source

itsel f i dMAGRESYSgMA Suchhas ¢amerasyid, 4 aligmedowith dhefeeler element 14 entendifrom ke

-enbodi ment.s; g,V 41t | 4 fael. 4 here can be
Tirny commaEbUETE L, ARG 3%, 34 A Qs S B Hiohthe 13 e

“wel di ng. a-spatigledetaminationr affthe fesidr| etertamn NdQisiny cditventional evdl@dtiondtettniqies0
.possi bl e. VWijle.inth nbodinent in Fig. 7 the feeler elenent 14 is :
~gl ued t o KoRWnCiem Apdustrial photogpammetsy. Thesuss pfap redupdans auambsn of cameras (fari g. 8

“the feel [ ection 40, 45 j ' s..t he
feeler el%?amrrlgl {%.nml)'éc?) t%%gtﬂegﬁlf héease'ﬁ%ﬂgﬁsﬁ: nl ‘?)"’rlé‘zoto‘”f.‘ez‘ g%:;&o%re iqgféglq{;ﬁ%ﬁ%plgd at
“its end. shadeds Foosmuktibosdss thepse <if loine chmerw is\suffici¢rearshi thiscwaypfis bjxcallgel er
" extension,/ 30 'th\] L. . .21 a
creflecti ﬁé‘gﬁ‘i)‘iy@*‘ the, fesleg slermpent (141 Independently, of this, pither am actively light-emitting,c a4
of obser % : : o i r o

Parger - qebemeRting O hitinfteeE? Blembht 14 564 fargd 46/ 48, 30 8Phs6a 30 Uelehfifte

t he f eel aghe exuatureiinthe3gbject, with lightbeing stygplied frona thentight sotrea4ito the (eeletl.

The feeler extensiaon 30 therefore_has at jts end {he heri cal _feeler

el ement fjﬁmeﬁﬁﬁrfl B eet,ar%e%g"iéapgt"éar tflgel%‘?"t%}m‘ﬁps ?Ség"ﬁﬂﬁillfgﬂ e

i nterval Fidef OAGARIVRARDNRN lth& X %eﬁnin tagide 1S
possi bl e %o observe@g?tlﬂgrpc{gﬂgkggs%etﬁ%% ﬂ(f)h?ﬁgﬁ ee g’t?cg e?mr?%’{t&%gnd%’e&gt |y
“or the tdnghe sarggs @b, 48, SArdeclaGelen@nt 54 byl thesel Yeing sir poathiding ielectrically

illuminated modules such as LEDs, for example. With the teachings in accordance with the

(4]

invention, an ideally high-contrast image and an ideally circular image of the feeler element
14 or of the targets 46, 48, 50 are obtained, provided the latter are of spherical form.
Additionally or alternatively, it is possible to design the feeler element 14 or the targets 46,
48, 50 fluorescent, so that incoming and outgoing light are separated in frequency such that

the image generated by the feeler element 14 or the targets 46, 48, 50 can be separated from

its surroundings.

With the design in accordance with the invention of a coordinate measuring instrument

using which a feeler element such as a feeler ball or a target clearly assigned thereto



The feeler element 14 or the target 46, 48, 50 can be of various naterials
such as ceramics, ruby or glass. In Z8dition, the optical quality of the
appropriate elenments can be inproved by coatings of diffusing or reflecting
| ayers. The dianeter of the feeler extension 30 is preferably |ess than

100 d ferably 20 The feel | t 14 or the t t 46, 48,
50 has a orRlpgy 5 skl dpeifed pufcally mcimachsS Seieiming (6F stppituse BF HE Doty S
than that gfis dict! GRicaY meadurdtiid® bf e el efeindnb @r It{(a)r?&t s@EdtalRs in thelofdRf o €a

where the sheath of the feeler extension 30 does not have to be traversed
by |ight, #agnitsdecef K¥hummapddessTir pasticlar inrthe mangefupaiot W umi ean be detegnined

cubstance i Pt BUipenhS, 295 b D L TE Tl e

field of astap@drdandasteatetlt Pelumesrof Tor &xgnplE U RD.5 x 0.5 m? can be measured.

22 . The displacenent of the light dot in the CCD field can be neasured
vii t h- subpi xel precision. Wth the nethod in accordance with the invention,.
reproduci b i precisiap i [.er . .
nossi bl o, 1 1% SHOSERTbiock diflrmplif ki 38 dclerlife, 1 fnd WA B Babhings i
i¥s used: t aecodddnice awith nihgiinvermivn] @S ssutiircasl aansbjet in2a dobrdihateg n@dasotihf
the feeler elenment 14 extend froma comon_hol der 20. The caneras_52, 54
optical |y dstymeat op Py direet epticplomeasugsmasnt of thepasition of asfseler slemgat 88.Whetei on
of the fee ! | GO n. hni ques known
firom i ndus{tl?elr%@E‘%ﬁgﬁ)g%ge%{ir%g.tﬁgﬁ%ﬁgg O;ig@;ﬁg@g?&gﬁ[&hﬁ&.er of caneras .
¢(for exanple three) also permits neasurenent of an object when one of the
tthree caneras is gshaded. Fqr small bores, the use qf ,one, canera.i

suf fi ci ent TP&POFdIn4tR; BeaguLng én%wmeeglﬁgys A ﬁﬁ@'@rdoﬁeﬁ% oz sxamplg awefwle_m.
l:ndepende n%le&mai s thﬁndsel‘n?rﬂ%rho?d%r fAdn¥&to/a Lib8/RI628 M stabin thé KHirecAbA Bfohy Y
or light-shading teeler elenent 14 or a target 46,748, 50 Is used to

det er mi ne whlzosstpienet 60 which in hen dbadjostableiin thelZ Jinectioni The objpetl itself i§ fastanede

l.i ght source 44 to the, feel el nt 14,qr to t t ts 46, 48, .50 via
the T eol or (@R RASIISHESbURIEFLMEUHIE 1 151 Jiestipn: st the'fpees ehiment 59 onses *
possi bl e t ehOsEiEEaEHR dddRIihate K, YSEd Z1 Bf the Fedl&CeiSe$aE calkuitifed Rbm! thet he
targets 46, 48" 50 or feeler el’ement 14 by these being or containing

el ect ri cal ivideplsignaiscorresponding toshe pesitiersof] thofeeldrelenesnt 98 by . an\iinagephecessor
teachi ngs in acecqrdan with the inventio an tdeal Ly .high-cont.rast inmge
and an | et S PR AP0 F mEpeUTBReR RoTTRAISt &S R nkdd & B CRRERER valuek
46, 48, 503are 2bF te@brdiRbte \hedSsind Mstnathé 562WRichl aré AB®Fhiasd ubiag™ counter
Additionally or alternatively, it is possible to design the feeler elenent

14 or the {78r feem the, valees gunputedirdhisrvay, s theaons heodithy obiret @eomeiyds
lll ght are %lg%%nal}egdarll ofnr fAY5MEY nand r{hé r@I&C operation of the coordinate measuring

instrument 56 is controlled using a CNC control 72.




t he i nage generated—by—the feeler elenent 14 or the targets 46, 48, 50 can

be se ur roundi ngs. Wth the design in wi-t-h
t he 'qmﬂ' m!mﬂmg@ di nat e measéfti ng instrument using p 'SMETdM%BEEN
elenenb suchc r ball or a target clearly assign theﬁEPtACED
spatially is directly nmeasured optically, in order to determ ne the—!
structure of the body fromthis direct optical neasurenent of the feeler
- el emrent farget, structures in the order of magnitude of 100 [err]m and
“less, inp&™S cular in the range up to 50 [err]m can be deternined with a
#measurenment uncertainty of 0.5 [err]m Wth the coordinate neasuring
zinstrument, standard neasurenent vol umes of, for exanple, 0.5 x 0.5 x 0.5
znf'err] can be neasured. Fig. 12 shows a block diagramin order to
“determn h the teachr s, |n‘ac ordance with the invention, the
“structur L Ieas : strument 56 by direct
Soptical neasurenent of the position of a feeler el enrent 58, where the
“.object is to be sensed by the feeler elenent 58 using CNC control. - The

- coor di natle nmeds methed fonmeasurement3g strgcturesgf and&legt UJE!TWQ“S of a feclorebphentt he

- feeler elenent ends fi a hol.d ttac a eve 62 adjustabl e
“in the X di re@ﬁlg[he%)({ o?‘lﬁg‘ému gleﬁugg i Ig a’ l}_ﬁhillft aﬁgt”é% 'Z’
#the Z directi object Bl VRbSE ostttmkfménslnﬁas&gmﬁdéﬂydeeﬁﬁukanent tabl e 64

s nmovable in the direction. Wien the feeler elenent 58 senses the object,

“the coordinat@hxreyn and z2 of the feeler elenment 58 are cal cul at ed from
“the video sig [ &5 e ler 58 by
an i mage- proc g@éé‘)&t@%‘, g?%;uée}%’l%n?%& hsodeggr%mé%égaé}ée%él OPS(? ogﬁ? q OfE{BFégﬁ nFher e
“linked to thet etrzdvsigﬂé@ diradtlie® the félerZel@rheritlie deteﬁﬁiﬁe@atlm &P optidal B@stem
_instrunent 56, vvhr ch ‘are determ ned using a counter 70. Fromthe val ues
conputed in t Apsmgasareraent of dheystenckire of thecotietect geonetry is determ ned and
on the other hand the CNC operation of the coordinate neasuring |nstrurrent
56 is controlled using a CNC control 72. 24 Cl ai s

2. Method according to Claim 1,

wherein
the feeler element and/or the at least one target is moved towards the object from

its side facing towards the sensor.

3. Method according to Claim 1 or Claim 2,
wherein
the position of the fecler element and/or the at least one target is determined by
means of light beams reflecting from and/or shading this/these and/or emanating

from the feeler element or target.

4. Method according to at least one of the preceding claims,
wherein

the feeler element is adjusted with the sensor as a unit.

—_—
This Sheet Has
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THIS SHEET
in strument 1" A method for mBRsurenment of structures pf an H#ﬂﬁg?g BJEEN

means of a feeler elenent assigned to a coordi nate nEasUrtAg

posi tFon s 1 A ARextiBh fo 5FRbt e e i bsEodipe, gpimes ™ °°* UG, 270

t he position af htéhee fi el er elenent is determned directly or a position of

at | east one tar assigned directly to the feeler elenent is
“determ ned wi tahdeffectipn | a‘he Jeeleroplement resulting”from the fegntagh adthr theeohjedtist he
;structure of t 2. Met hod according to Claimil, w h
erT e i %ﬁcrﬂ&h 3 rxm eedr el ement and/or the at |east one target is
"noved towards t he obj ect from its side facing towards the sensor.
3. Met hed according to Claiml1l or Claim 2 wherein t he
‘posi tion&f tAVethad pegording e at least png of the-preeeding slaimyne t ar get ‘i s

“determ ned by reijpgmeans of light beans reflecting from and/ or shading
"t his/these anoWor emanat i ng fromthe feeler elenent or target

4. Met hod ahe deflictign lof il feblenslemeiis aheasitved (byeadisplacement of tSimage or of
~wherein the feeler el enent adj usted with the sensor as a unit.
25 5. an igags S adaest en ﬁée‘ESSrngfeast one of the preceding clains,
wher ei n a deflection of the feeler elenment resulting fromthe
~contact with the object is optically determned. 6.

Met hod actor diMethbd aedoriing o ableastadnetdfehg precedingiglaohsi ns, w h e
rein the deflection of the feeler elenent is nmeasured by

~di spl acenent oY ¢ &€ilfage or of
the deflection of the fecler element is determined by evaluation of a contrast

function

8. Method according to at least one of the preceding claims,
wherein
the deflection of the feeler element is determined from a size change of an image
of a target resulting from the geometrical-optical correlation between object distance

and enlargement.

9. Method according to at least one of the preceding claims,
wherein _
the deflection of the feeler element is determined from apparent size change of a

target resulting from loss of contrast due to defocusing.

10.  Method according to at least one of the preceding claims,
wherein
the deflection vertical to the optical axis of an electronic image-processing system

is determined by the latter.

“iili‘iim‘iiifﬂﬂi‘m 1




an inma mﬁm&wﬁﬂmon a sensor field. 7. Met hod_according to at
| eas edi ng cl ai ns, wherei fy t-he
def | Lm g @ feeler elenent i26deternined by eval uati nH(l)§ SHEET HASBREN
function 8 Met hod according to at | east one of the_pr pﬁ@

ol amont 14 e MPRoR AR TR o Beless oo o ghe bSedy iffhe. " ' T TOP S o ger

resulting fronvthhergeanetrical -optical correl ati on between object distance
and enl argenent . . 9. Met hod according to at |east one_ of the
‘precedi ng cl aithg spatial position of \the fegler element is deterpyinedqusing @t twordigrensippal

f eel I | ' ) | f -
target resul 1RGRPRanT oS py aRERPRER Sl oot PRl derero.

‘Met hod according to at |east one of the preceding clains,

‘wher ei-n the deflection vertical tqQ the optical axis of an

el ect r oni i neYethgd @eearding do &y least Ane of the preceding glaim@t.er ni ned by the latter.
26 11. Methqde peGqy ding to at |east one of the preceding el ains,

‘wher e n - the spatial position of the feeler elenent is determ ned

usi ng a .t wo- diarfeeler @rthsion or a sasivmuhereohis wwyd as m spytiatiycexsersied aargbtewhoset hr ee

targets assigned, f hereto. 12.. Methqd accqording to at ast one_.of the
~precedi ng cl ajRpstton 1s measwm%rfﬁwe 10 the fee rﬁ’@@)’é‘l‘ We%?&@hf%@%&%e@mson
thereof is used as a spatially extended target whose position is
‘measured relative to the feeler body in freely sel ectabl e cross-sections.
13. Met 1hd aMdetwdiaacpriingat at keasttoneraf thé ptecedipg eladmis,ng cl ai ns,

wherein

wherein
targets arranged on the feeler extension for determining the position of the feeler

- element are measured by photogrammetry (at least two cameras).

14.  Method according to at least one of the preceding claims,
wherein |
the position of the feeler element is measured by photogrammetry (at least two

cameras).

15.  Array for measurement of structures of an object (12) by means of a feeler assigned
to a coordinate measuring instrument and comprising a feeler element (14) and
preferably a feeler extension (16, 38),
wherein

the coordinate measuring instrument (22) comprises a sensor for optical

e S,
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targ n the feeler extension for deternini ng the pesttt
t he am"r ﬂ"ﬂﬂ mi nt are neasuredzpy photogrammetry (at @Hlﬁsﬁﬁﬂ HAS BEEN

camaras hod according to at |east one of the prkcedi REPLAGED
cl ai ns, wher ein the position of the feeler elenent 1s
rreasured by ph ! r ts a LAy
for measuremen'?{eﬁltnzr ruht%frgjg Okﬁ?%tleng (t14)( fﬂ?’oga&%a%ésto ne }ﬁ?% I%ﬂct@
assi gned as51 medathermr dndahevﬂaamﬂmrﬁgwithsﬂﬁmetsuaadr&@mﬁrwlﬂtdmﬁan
feel er el enent 1(1 and eferably a feeler. extension (16, 38).
wher ei n the positipp.of-the PBP‘F?AF%“% selafive g thecoordinatsisystom of dhapoqrdiagte,

sensor for opt 'rg%ls ring instrument and gomthgiﬁaﬁxgﬁ B%E?&]&felérﬂﬁlt%ﬁ FBft?xk:%ﬂgn 4 an

(14) -and/ or. of one drr ere

eval uati on uni tmm'sufedvdiiecthy nhng slteroptif:alrgsuem, and mhhaimdlefsem forms thé lfeeler
position of the o ca.l stemrelative to the coordinate system of the
coordi nate ele ﬁéeiasﬁé‘f‘f'dﬁfﬁ a‘ilHEfalPPdﬁﬁ‘itt he position of the feeler
el enent and/ or of the t ar get nmeasured directly optical system and
wherein the sensor fornms the feeler el ement at |east one jointly
adj ust abl el@ini tArray daécordingto £¥aimckSor di ng to C ai m 15, wherein :
the feeler el emeq_;t &14) and/or the target (46, 48, 50) is designed as a
refl ector. Crldy according to at | east one of the preceding clainms,

wher ei n th@*feé‘léif‘élé‘rhexﬁ é‘ﬂ‘%{d/&ltﬂé tRB4/(26, 49)%0) N aidls ned Qs a¥flectéh 1S

designed self-emtting. Array according to at east one of the
precedi ng cl ai s, wher ei n the feeler elenent (14) and/or the

target (46 h bal | i nd tiall
Lar et (4007, 15: 300 phrdnf 8h B Dol r ol b g L0 2P0 LY

the preceding o3 &%ein
the feeler element (14) and/or the target (46, 48, 50) is designed self-emitting.

18.  Array according to at least one of the preceding claims,
wherein
the feeler element (14) and/or the target (46, 48, 50) is a body such as a ball or

cylinder spatially emitting or reflecting a beam.

19.  Array according to at least one of the preceding claims,
wherein
the feeler extension (38) is designed at least in some sections elastic to bending

and/or as a light guide or comprising a light guide.

20.  Array according to at least one of the preceding claims,
wherein

the feeler extension (38, 40) or at least a section thereof is the feeler element (14)

—_—
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cec| THRIN I Hﬂl]ﬂll]ﬁi'nﬁf ng B phndlor as a light guide or

conpristng aMight*guid 20. Array according to at |east one of the
precedi ng cl ai ns, wher ei n the feeler extensjon (38, .40) or .
at least a segt her he feeler el enent (14) $14EFET HAS BEEN
Coor di nat e S&Fﬂ% Ef gt@*ﬁlrﬂéﬁ] THIS REPLACED .

28 and/or the target (46, 48). 21. Array accokei-rg—to—at

| east one of the preceding clains, ~ wherein several targets
(46, 48) Hre A43%HAecerding g‘h@t leastjoge of therpraeeding/glaimsd ext end pref erabl y
-fromthe feel eg}grﬁ{ on (30) or form sections thereof. 22. Array
according to at hleast one of the preceding clains, wherein

the feeler extsevaamrge&(m& %)dﬁﬁassigﬁeh to-thé fqehgt eidﬁienatl&ﬁﬁ@eitem preféably
optical axis f : Array according to at |east one of the
precedi ng cl aiffem the eeler ex%ﬂ@?’éi(:fp) or form seqtigas theegofsy ext ension (30) is
designed at the end as a feeler elenment (14). 24. Array according to

at | east one of the preceding clains, wherein the feeler

el enent (224) axwddpacdobding & acleadt 4ne oft the frededingeclainisgr changeabl y connect ed
to the feeler extension (30). 25. Array according to at | east one of
the preceding ¥BfRgin wher ein ~the feeler elenent (14)

and/or ‘the t artﬂﬁtfeélf&ﬁ extéilion° @D ? ﬁes?é?ﬁﬂ@hﬁ\‘ﬂe& o' gnbRfit Hith an optical axis

.extension (30) or me

23.  Array according to at least one of the preceding claims,
wherein '

the feeler extension (30) is designed at the end as a feeler element (14).

24.  Array according to at least one of the preceding claims,
wherein
the feeler element (14) and/or the target (46, 48, 50) are interchangeably connected

to the feeler extension (30).

25.  Array according to at least one of the preceding claims,
wherein
the feeler element (14) and/or the target (46, 48, 50) are connected to the feeler
extension (30) by gluing or welding.

26.  Array according to at least one of the preceding claims,
wherein

the feeler (18) extends from a holder (20) that is adjustable by at least three degrees

-_—
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Arra to at | east one of the preceding clains, w
h e r“ m “i[ Uﬁhe feeler (18) xgxtends froma holder (20) that is
adj us t hree degrees 29 of freedom

preferably five, and prefer abI y interchangeable. 27. Array

according to W "

t he feel er 8(%[ %%’?gﬁlﬂg&? ef ont a hb%fﬁﬁ%@ﬁy Qﬁg#ﬂgn&eﬁ%lea uni t M?Ffﬁ 5 T HAS BEEN
sensor connected to the sensor. 28. Arr ac Mﬂ@) -

to at ong of the a&ecedlgg cl ai_ns, wher ei n ‘the
feel er (% aeFording foiat least ogpjof the preesding elaifmsie f aci ng t owards t he
‘sensor. - 29herd lﬁy according to at | east one of the preceding clains,

‘wher ei n the teeler element (14) and/or the target (46, 48, 50)
has or is a sehé fealgghtlBhgxtends from a helder (30)nhat formsTe ninitswith ties sedRol-&Dis

+30. Array accordlc{‘n o at |east one of the preceding clains, w
‘her ej n connecte %[ & SE-%or is an i mage- processi ng sensor. 31.
cArray according to at |east one of the preceding clains, wher
.e i n the sensor is a position-sensitive surface sensor.

- 32. Ar r%B/ acsoayl acegrding 40 af leasttone of thef prebedling elaius, ng cl ai ns, w
‘herei . the dianeter of the feeler elenment (14) is about 1 to
-3 tines great ey ht‘ﬁéﬁ that of the feel er extension (38).

the feeler (18) is moved towards the object from its side facing towards the sensor.

29.  Array according to at least one of the preceding claims,
wherein
the feeler element (14) and/or the target (46, 48, 50) has or is a self-lighting

electronic element such as an LED.

30.  Array according to at least one of the preceding claims,
wherein

the sensor is an image-processing sensor.

31.  Array according to at least one of the preceding claims,
wherein

the sensor is a position-sensitive surface sensor.

32.  Array according to at least one of the preceding claims,
wherein
the diameter of the feeler element (14) is about 1 to 3 times greater than that of the

feeler extension (38).
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[er i nate _neasuri i nstrunent 30 33. Array according to

a feeler . el enent (14). 34. Array according to at

(]

at leaﬂlu ﬂumm vatledlng clalms wherein t he

feel er s at its end éocyl i ndrical form and |sg_g55é'_ qgngEEN
SACED,

the precedi CA@ t he [feel er extégnsi onR
spheri cal I y roun ord1 trorraeftl?%g #G{ngqr%c Cg?lgﬁ‘em [err]

Coor di nat e rreasmhld]geulnstrunent

AMENDED CLAI M5 % ei ved b t he Int er national O fice on
Moverber 9, 199@ {eglgr Jiteggyn (30) has at 1ts end acy@ﬂgeﬂﬁpﬂ@p@d imdesignedharc feeler|
further clai s 4|jnchanged (1 page)] ' 1. A net hod for
fmeasur ement  of structu es of an object by neans of a feeler elenent
assigned to a coordi nate measuring instrument and brought into contact with
an obj ect and POSI tion is _then indi rectly or directly

det er mi ned ArraX/\iI‘FQP@“PS at least gge g6 they precede ¢laiasi eel er el enent i s
directly deterrg P Qi @ position of at |east one target directly
‘assigned to the er element is directly determined with an opti cal
sensor, with the feetme ek@nsion (20)ds sphieeisallyf rauhded foe fenmation of e feelep tlenieat.

target being linked with those of the coordi nate neasuring instrunent
gfor neasurenent of the structure of the object using the opti cal
isensor

T




Noyenper\i&w |
. (0 Wiy 31

L S b

AMENDED CLAIMS

[received by the International Office on November 9, 1998 (09.11.9_8)';'.
original claim 1 amended; all further claims remain unchanged (1 page)]

1. A method for measurement of structures of an object by means of a feeler element
assigned to a coordinate measuring instrument and brought into contact with an object and
whose position ié then indirectly or directly determined,
wherein
the position of the feeler element is directly determined or a position of at least one target
directly assigned to the feeler element is directly determined with an optical sensor, with
certain coordinates of the feeler element or of the target being linked with those of the
coordinate measuring instrument for measurement of the structure of the object using the

optical sensor.

November 15, 1999-39491ba



