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l (54) Title: MEASURING ARRANGEMENT AND METHOD FOR THE THREE-DIMENSIONAL MEASUREMENT OF AN 
OBJECT

(54) Bezeichnung: MESSANORDNUNG SOWIE VERFAHREN ZUM DREIDIMENSIONALEN MESSEN EINES OBJEKTS

62

(57) Abstract: The invention relates to a measuring arrangement and a method for the three-dimensional measurement of at least 
part of an object (28), comprising a light source (10) with a continuous spectrum, a device (14) for generating a multifocal lighting 
pattern (16), a lens (18) with a large chromatic aberration for imaging foci of the lighting pattern on the object, a detection unit (40) 
for generating the wavelength spectrum of the foci that are confocally imaged on the object via the lens, and a spectrum-dispersive 
device (34, 36, 38) disposed between the confocally imaged foci and the detection device. In order to be able to create a highly 
accurate surface profile in a relatively short time even in the case of moving objects, the invention proposes that a first hole pattern 
(30) comprising first holes (32) be disposed in the plane of the confocally imaged foci, wherein the geometric arrangement of the 
first holes corresponds to the geometric arrangement of the foci of the multifocal lighting pattern.

[Fortsetzung auf der nachsten Seite]
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TJ, TM), europaisches (AT, BE, BG, CH, CY, CZ, DE, DK, — vor Ablauf derfiir Anderungen der Anspriiche geltenden 
EE, ES, FI, FK, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, Frist; Veroffentlichung wird wiederholt, falls Anderungen
MC, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, eintrejfen
BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN,
TD, TG).

Veroffentlicht: (88) Ver offen tlichungsdatum des internationalen
— mit intemationalem Recherchenbericht Recherchenberichts: 11. Dezember2008

(57) Zusammenfassung: Die Erfindung bezieht sich auf eine Messanordnung sowie ein Verfahren zum dreidimensionalen Messen 
von zumindest einem Teil eines Objekts (28) umfassend eine Lichtquelle (10) mit einem kontinuierlichen Spektrum, eine Einrich- 
tung (14) zur Erzeugung eines multifokalen Beleuchtungsmusters (16), ein Objektiv (18) mit groBer chromatischer Aberration zur 
Abbildung von Foki des Beleuchtungsmusters auf das Objekt, eine Detektiereinheit (40) zur Ermittlung der Wellenlangenspektren 
der konfokal iiber das Objektiv auf das Objekt abgebildeten Foki sowie eine spektraldispersive Einrichtung (34, 36, 38), die zwi- 
schen den konfokal abgebildeten Foki und der Detektionseinrichtung angeordnet ist. Um auch bei bewegten Objekten in relativ 
kurzer Zeit ein Oberflachenprofil erstellen zu konnen, das eine hohe Genauigkeit aufweist, wird vorgeschlagen, dass in der Ebene 
der konfokal abgebildeten Foki ein erstes Lochmuster (30) mit ersten Lochem (32) angeordnet ist, wobei geometrische Anordnung 
der ersten Locher geometrischer Anordnung der Foki des multifokalen Beleuchtungsmusters entspricht.
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Description

Measuring arrangement and method for three-dimensional measuring of an object

The invention relates to a measuring arrangement for three-dimensional measuring of at least 

one part on an object, in particular a semitransparent object, comprising one light source with a 

continuous spectrum, one device to generate a multi-focal illumination pattern, an objective lens 

with high chromatic aberration to image foci of the illumination pattern onto the object, a 

detector unit such as a CCD chip to determine the wave length spectra of the foci imaged 

confocally onto the object via the objective lens, as well as one spectrum dispersing device that 

is arranged between the confocally imaged foci and the detector unit.

The invention further relates to a method for measuring the shape of at least one section of an 

object, in particular a semitransparent object such as at least a section of a toolh, utilizing one 

light source to generate light with a continuous spectrum, one device to generate a multi-focal 

illumination pattern, one objective lens with high chromatic aberration to Image foci of the 

Illumination pattern onio the object, one defector unit to determine the wave length spectra of the 

foci imaged confocally onio the object via the objective lens, whereby from the respective 

wavelength spectrum the spectral peak position of each focus is determined, Horn which 

subsequently one computes the extent of the object along the direction of the imaging ray (Z 

coordinate).

In many technical fields it is necessary to determine, i.e. measure, the three-dimensional 

structure of objects. One example is the determination of tho shape of a loolh, which is necessary 

to produce a dental prosthesis. For dental reconstructions that arc still produced by conventional 

methods using a plaster cast, one endeavours to leave behind

RECEIVED TIME 6. AUG. 15:04
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the corresponding classical meihod and to determine the geometry of the dental shape using a 

non-contacting method.

A large number of methods for the acquisition of the three-dimensional structure of bodies are 

known in the art, Of the existing optical methods one has to mention the strip projection method 

or phase shift method, optical coherence tomography, and holography, (η the field of dentistry, 

the phase-shift method already finds practical application.

However it has come Io light that corresponding optioal methods do not produce the desired 

results, in particular for objects with high scattering characteristics. In the strip projection 

meihod, for example, scatter leads to a lack of definition of the strips and consequently to lower 

resolution.

Also known are methods in which the object is not illuminated in its entirety, but rather only in 

one region with one sharp focus or several foci utilizing confocal imaging. To obtain a complete 

two-dimensional image, the focus or foci must be scanned across the object. To measure three- 

dimensional structures, it is necessary to shift the focal plane along the axial direction.

Alternatively, a wide-band light source and a suitable optical system with a highly wave-length- 

dependent focal length can be employed to image the focus or the foci. As a result, the foci are 

sharply Imaged at different distances from the objective lens in dependence on their wavelength. 

After imaging Ihe foci backwards through the objective lens, an intensity maximum can be 

detected in the focus plane for the particular colour that is sharply imaged at the corresponding 

object distance. Thus, determining the spectral peak position allows one to determine the 

distance between the object and the objective lens at this point, and consequently and ultimately 

allows determining the three-dimensional structure of the object. Evaluation is performed either 

by points using a spectrometer or by lines using a line spectrometer with camera chip.

-5-
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6. Aug. 2013 14:57 Patent Attorney Servi ce's No. 5243 P. 6

FCT/EP2008/0549B2

20
08

24
05

97
 

06
 A

ug
 2

01
3

WO 2008/129073

EP-B-0 321 529 discloses a measuring arrangement for measuring thcdistanco from an objective 

lens with high chromatic aberration to an object, for detection one employs a black & white 

CCD chip camera, in front of which is arranged a spectrum-dispersing device that possesses an 

input silt. This converts the wavelength Information Tor every point to position information to 

obtain a profile image ofthe surface of the object.

EP-B-0 466 979 relates to an arrangement for simultaneous confocal image generation, for this 

purpose one uses a matrix of punched holes such as a Nipkow disk to genorate points of light, 

which are imaged In focus onto an object. A CCD array camera is used as detector unit.

Described in DE-A-102 42 374 is a confocal distance sensor with an imaging optical system 

with chromatic aberration, which is intended for inspection purposes in the electronics field. As a 

light source one can employ a light source with a multitude of point light sources. As a light 

detector one employs point detectors, whereby one point detector is assigned to each point light 

source and they are arranged confocal relative to each other.

Known from DE-A-103 21 885 is a confocal measuring arrangement for the three-dimensional 

measuring of an object using chromatic fine splitting, in which a multitude of foci is generated 

by means of a micro-lens array and is imaged onto the object, The reflected light is focussed 

back onto the plane of (he micro-lens foci. This arrangement is used to measure two- or three

dimensional micro-profiles of objects fo be measured or two- or three-dimensional transparency 

or reflectivity profiles.

The present invention is based on ihe objective to further develop a measuring arrangement as 

well as a method for the three-dimensional determination of the shape of an object, particularly a 

semifransparent object such as a tooth, in such a way, that a highly precise surface profile can be 

established in a short timeframo even for moving objects. It is In particular desirable to be able to 

measure scattering or higlily scattering objects that exhibit a very high white-light background.

-3-
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which would facilitate application in Ihe field of dentistry,

As a solution to this problem, in a measuring arrangement of the above-mentioned type it is 

chiefly intended (hat in the plane of the confocally imaged foci be arranged one first matrix of 

holes with fust holes, whereby the geometric arrangement of the first holes corresponds to ihe 

geometric arrangement of the foci of the multi-focal illumination pattern.

Different from arrangements known in the art, a matrix of holes or a pinhole array is arranged in 

the focal plane - where the foci reaching the object are imaged - of the objective lens with high 

chromatic aberration, whereby consequently the illumination pattern is confocally Imaged back 

from the measured object onto (his matrix of holes or pinhole array. In this, the geometric 

correspondence of the first holes of the first matrix of holes relative to the illumination pattern is 

tuned so that a unique assignment is made, so that as a result the foci In the holes of the matrix of 

holes can be assigned positional coordinates in a plane that extends normal to the beam path 

passing through the objective lens.

According to the invention, holes or pinholes distributed across an area arc positioned in the focal 

plane of the objective lens and the illumination pattern is confocally imaged back from (he object 

Into these holes or pinholes. In this, (bo foci that are imaged on Ihe object are imaged - in 

dependence on wavelength and the distance between the objective lens and the object - onto the 

pinhole. The spectra of these foci arc subsequently read out by the detector device. In this, the 

invention in particular intends that the dispersing device arranged upstream of the deteotor device 

laterally spreads the spectral lines of the focus imaged in the respective hole, before (he spectral 

lines reach pixels of the detector device, For this purpose it is intended |bat the detector device 

comprises the pixels of a CCD chip sensor that are arranged in an area, whereby (he dispersing 

device extends al such an inclination relative to the first matrix of holes and the detector device 

that the laterally spread spectra can be imaged onto the pixel area without any overlap. In this, it 

is in particular intended that the spread spectra impact the pixel area in such a manner that 

consecutive laterally spread spectra contact each other without any free pixels.

-4-
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The following should be noted with regard to the inclination of die spectrum-dispersing device; 

ihe direction of the spectral spread by the spectrum-dispersing device forms an angle of for 

example 6.5° relative to a line connecting neighbouring points, so (hat the pixel peth that is 

available for spectral expansion and interpretation Is greater than the distance between 

neighbouring pinholes. The tilt of the optical axis after the spectrum-dispersing device such as a 

dispersion prism is 15°, for example. I

The invention consequently proposes a colorimetry unit that consists of one dispersing element 

for the spectra] dispersion of the light of overy pinhole along a line and one CCD chip, on which 

(he spectrally dispersed measuring points are imaged. This results in an arrangement similar to a 

line spectrometer, with (he difference being that the measurement points are not arranged on a 

line but rather are arranged uniformly across the entire measuring area. The individual holes of 

(he pinhole array correspond to a long slit of a line spectrometer.

In this, the illumination pattern is coordinated with the colorimetry unit in such a manner, i.e. il is 

chosen so (hat the clear spaces between the individual foci are used for the spectral 

decomposition of the light and for measurements along lines.

Corresponding to the illumination pattern, one obtains with each image record several nodes, i.e. 

measurement points, distributed across the measuring section. If the distance between nodes is 

larger than the desired resolution, it will be necessary to shift the illumination pattern 

accordingly. This can be performed either using a suitable optical element such as a plane- 

parallel plate ip the measuring arrangement or by way of a continuous motion of the measuring 

arrangement itself, whereby (he resulting individual Images arc combined to form a complete 

image,

While the arrangement of holes in the matrix of holes or pinhole array Specifies the spatial 

coordinates in a plane running normal to the beam path passing through (he object tens, spectral 

evaluation of the focus (hat is imaged in the respective hole will determine the required height 

information ns Z coordinate, since

RECEIVED TIME 6. AUG. 15:04
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the foci - in dependence on the wavelength - axe sharply imaged at different distances from the 

objective lens and only those foci are Imaged in the holes of (he pinhole array that themselves 

were imaged on the object.

In order to generate an illumination pattern, it is for example intended that arranged downstream 

of the light source be a micro-tens array for generating the multi-focal Illumination pattern in the 

first focal plane on the light-source-facing side of the objective lens. But it is also possible to 

position in the first focal plane of the objective lens a second matrix of holes, in whose holes the 

foci of the multi-focal illumination pattern can be imaged or whose holes themselves define the 

multi focal illumination pattern.

To image the foci in the plana of the first matrix of holes, a first beam splitter is arranged 

between (he objective lens and the detector device. A second beam splitter can additionally be 

positioned between the objective lens and the illumination pattern, In particular between the 

objective lens and the first beam splitter, in order to obtain a live Image ofthe object. Hereby it 

is preferably intended that the object be Illuminated using a second light source, whereby the 

spectral range ofthe second light source also can be outside of the wavelength region ofthe first 

light source, which chiefly is evaluated lo acquire the shape of the object. The live image can be 

recorded via a camera.

Independent thereof, the optionl design of the second beam splitter should be such that it exhibits 

high transmission for the light for the confocal imaging of the foci. If for generating the live 

image one uses a spectra) region that is outside ofthe wavelength range of the first light source, 

then the second beam splittor preferably will be a dichroic filter, which in addition to a high 

transmission efficiency for the light of the first lighting source, possesses a high reflectance for 

the light of the second light source. For obtaining a live image that is as sharp as possible, it is of 

advanlage if ihc spectral region used for the recording is as narrow as possible, which can be 

accomplished either by using a speclraJ filter inserted In front of the camera or camera chip 

and/or through the use of a narrow-band second light source.

RECEIVED TIME 6. AUG. 15:04
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However, ii should be noted that it is not absolutely necessary to employ a second light source, 

Rather, the foci imaged onto (he object can be sufficient to generate a live image.

As a further development of the invention II is intended that the first matrix of holes possess 

second holes, which are associated with the first holes, are intended for the purpose of 

determining the background of the measurement results, and are positioned outside of the 

illumination pattern.

To achieve a compact unit, it is intended that a beam-deflecting device such as a mirror be 

provided between the objective lens and the object, resulting in a structurally simple system for 

(he intraoral use of the measuring arrangement.

In particular, the first light source is a halogen lamp. But It is also possible io use white-light 

LEDs or several coloured LEDs.

An alternative option is to feed the emission of the first light source through fibre-optic light 

guides, whose output ends are located in the first object plane of the objective lens and 

consequently themselves represent the foci, in place of the foci of the micro-lens array. 

Alternatively, the output end of preferably one fibre-optic light guide is located in the focus 

plane of one collimating optical system, behind which the now collimated beam of the fibre- 

optic light guide reaches the micro-lens array.

In order to obtain an unambiguous geometric correspondence between the image patient and tile 

first matrix of holes and the first beam splitter arranged In between it is intended that the micro- 

lens array, the first matrix of holes, and the first beam splitter be embodied as a single 

constructional unit, In particular, this yields a oube-shaped geometry,

To bo able to measure different sections of the abject in an uncomplioated manner, one can 

position betwoen the first beam splitter and the objective Ions one or several plane-parallel plates 

that arc rotatable or tillable accordingly, in particular, if a

RECEIVED TIME 6. AUG. 15:04
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plane-paraliel plate is present, it will be arranged rotatable around two axes running in the plane 

defined by the plate.

It is also possible to arrange the deflecting mirror in a movable and/or rotatable manner to be 

able to measure different sections of the object,

When used in this specification and claims, the terms "comprises" and "comprising" and 

variations thereof mean that the specified features, steps or integer's are included. The terms are 
not to be interpreted to exclude the presence of other features, steps or components.
The above references to and descriptions of prior proposals or products are not intended to be, 
and are not to be construed as, statements or admissions of common general knowledge in the art 

in Australia.

A method of the above-mentioned type is characterized in that arranged in the plane of the 

confocally imaged foci is a first matrix of holes with first holes, whose geometric arrangement 
correlates with that of the multi-focal illumination pattern, and in that the position of the first 
holes defines positions of the foci on the object in a plane (X, Y coordinates) extending normal 
relative to the imaging beam, whereby the wavelength spectra of the foci imaged in the holes are 
acquired simultaneously by the detector device.

According to a first aspect of the invention, there is provided a measuring arrangement for the 

three-dimensional measuring of at least part of an object comprising one light source with a 

continuous spectrum, one device for generating a multi-focal illumination pattern, one objective 
lens with high chromatic aberration to image foci of the illumination pattern onto the object, one 

detector unit for determining the wavelength spectra of the foci imaged confocally onto the 
object by the objective lens, as well as one spectrum-dispersing device that is arranged between 

the confocally imaged foci and the detector device, wherein in the plane of the confocally 
Imaged foci is arranged one first matrix of holes with first holes, whereby the geometric 

arrangement of the first holes corresponds to the geometric arrangement of the foci of the multi
focal illumination pattern.

According to a second aspect of the invention, there is provided a method for measuring the 
shape of at least one section of an object utilizing one light source to generate light with a

8

RECEIVED TIME 6. AUG. 15:04



6. Aug. 2013 15:01 Patent Attorney Services No. 5243 P. 22

20
08

24
05

97
 

06
 A

ug
 2

01
3

continuous spectrum, one device for generating a multi-focal illumination pattern, one objective 
lens with high chromatic aberration for imaging foci of the illumination pattern onto the object, 
one detector device to determine the wavelength spectra of foci imaged confocally onto the 
object by the objective lens, whereby the spectral peak position of every focus is determined in 

each of the respective wavelength spectra, from which is then computed the extent of the object 
along the direction of the imaging beam (Z coordinate), wherein in the plane of the confocally 

imaged foci is arranged a matrix of holes with first holes, whose geometric arrangement 

correlates with (he arrangement of the multi-focal illumination pattern, and that the positions of 

the first holes define positions of the foci on the object in a plane (X, Y coordinates) extending 
normal relative to the imaging beam, whereby the wavelength spectra of the foci imaged in the 
holes are simultaneously acquired by the detector device.

In this it is intended that the wavelength spectrum of every focus imaged in a hole be laterally 
spread out by a dispersing device arranged downstream of the first matrix of holes.

In particular, the invention proposes that the detector device comprise a pixel area of a CCD 

sensor for acquiring the wavelength spectra and that the pixel area and/or the dispersing device 

be inclined relative to the first matrix of holes in such manner that the wavelength spectra of the 
foci imaged in the first holes impact the pixel area without any overlap.

In this, the pixel area and the dispersing device should be aligned relative to the first matrix of 

holes in such a way that the wavelength spectra of the foci imaged in the first holes contact each 

other without any overlap.

To be able to determine the wavelength of the foci imaged sharply in the individual holes to an 
adequate extent and with the necessary accuracy, it is intended that a first spectrum be obtained 

from a focus, that an optical element changing the path length of the optical path be inserted into 
the beam path of the focus,

8a
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that a second spectrum be obtained of the focus with changed optical path, that the spectra be 

subtracted from each other, and that the wavelength of the light of the focus be determined ftom 

the resulting equal peaks with opposite signs.

In accordance with a further suggestion for the determination of the peak of the measuring curve 

that characterizes the wavelength or wavelength range of the focus, It Is intended for the purpose 

of background determination that the spectral curve of the background of the spectrum of the 

focus be determined by measuring spectra of light reaching second holes assooiated with the first 

holes, whereby the positions of the second holes deviate from those of the multi-focal 

Illumination pattern. In this, one preferably averages the spectra of several second holes 

associated with one first holo to determine the background,

If successive sections of (he object are being measured in order to measure (he entire object, then 

consecutive sections should comprise a common subsection, which should amount Io 50% to 

95% of the respective section. This allows a simple correlation between the individual 

measurements. It is further intended that for the purpose of determining the shape of at least one 

portion of the object, the sections be consecutively recorded with a frame rale of between 25 and 

50 pictures per second.

Preferably the measuring method is intended for the intraoraf measuring of teeth or sections of 

teeth. For this purpose, the objective lens together with the deflecting device can be inserted 

Into the mouth to cany out the measurements.

Further details, advantages, and features of the invention are not only found in the claims, the 

characteristic features contained therein ~ on their own and/or in combination -, but also in the 

description of the preferred embodiment examples illustrated in the figures.

-4-
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Figure 1 shows a schcmatio illustration of a first variant of a measuring arrangement.

Figure 2 shows an illumination pattern.

Figure 3 shows a spectral distribution.

Figure 4 shows a measurement curve,

Figure 5 shows a matrix of holes with first holes and second holes.

Figure 6 shows a monolithic variant of a micro-lens array and pinhole array with beam splitter. 

Figure 7 shows a second variant of a measuring arrangement.

Figure 8 shows peak positions obtained by subtraction of two measurement curves.

The figures, in which identical elements always cany the same reference labels, illustrate 

different variants of measuring arrangements, to be used in particular to imraorally scan one 

tooth or zones thereof or several teeth or zones (hereof, in order to acquire the three-dimensional 

shape, In this, the shape-representing data is made available In digital form, so that subsequently 

a dental prosthesis can ba manufactured in the usual manner from in particular presinlered 

ceramic blanks using CAD/CAM technology.

The measuring arrangement comprises among the essential elements one light source 10 such as 

a halogen lamp· whose light is collimated by a Ions 12, The collimated light beam reaches a 

micro-lens army 14, which images an illumination pattern 16

10-
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into lhe focal plane of an objective lens 18 with high chromatic aberration. The illumination 

pattern generated by the micro-lens array 14 can for example possess a size of 20 mm x 15 mm 

with approximately 1600 foci or for example a size of 5 mm x 6.5 mm with approximately 2θθ0 

foci at a spacing of 250 pm. Figure 2 illustrates purely as an example the corresponding 

illumination pattern 14, in which as an example Iwo foci cany the reference labels 20,22.

The illumination pattern 16 can be designed in such a manner that the resulting diameter of each 

of lhe foci 20,22 will be approximately 25 pm or approximately 12 pm.

To improve the illumination pattern, the micro-lens array 14 can be combined with a matched 

pinhole array, which is positioned in the object plane of the objective Jens 18. In this, the holes 

of the pinhole array correspond with respect to geometry or position to the illumination pattern 

formed by the foci 20,22.

(n accordance with the illustration of figure 1, (he light originating from the light source 10 

downstream of the illumination pattern 16 reaches a beam splitter 24, from which the transmitted 

fraction reaches the objective lens 18 with high chromatic aberration.

In the Illustration of the figure, the beam splitter 24 is shown as a plate with a partially reflecting 

layer. But other beam-splitting elements are alternatively possible. Beam-splitter cubes should 

he mentioned as an example. Also envisioned can be ring-shaped mirrors or smaller minors, 

whereby the outer or Inner beam components, respectively, can serve for the detection or 

illumination to be explained in the following.

The beam passing through the objective lens 18 is imaged via a deflection device 26 such as a 

deflecting mirror onto an object 28 to be measured, such as a tooth. In this, (he distance between 

the plane of the illumination pattern 16 and ihe object 28 is chosen so that tire foci - after 

deflection by the deflecting device 26 - are imaged onto the surface of the object 28, whereby 

depending on the distance of the object’s surface
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from (he objcclive lens 18, different colours, i.e, wavelengths, arc imaged sharply In focus. In 

this, the size of the measuring area and the resolution are determined by the chosen image scale.

Part of the radiation, i.e. lighl, emitted by (he object 28, fells beck into the objective lens 18 and 

after partial reflection at the beam splitter 24 falls onto a first matrix of holes or pinhole atrsy 

30, whose holes correspond - with respect to the separation of holes and the size and overall 

geometric arrangement - (o the arrangement of the illumination pattern 16.

In other words, the axial and lateral position of the pinhole array 30, i.e. its holes, is chosen so 

that the foci on the surface of the object 26 are imaged confocally in the holes of the pinhole 

array 30. Consequently, each hole of the pinhole array 30 defines the X and Y coordinates of the 

respective focus imaged on the surface of the object 28.

Figure 5 illustrates a configuration of the pinhole array 30, whereby both the positioning and 

extent of the open circles 32 correspond to (be pattern of the foci of the illumination pattern 16.

Because of the high chromatic aberration of the objective lens 18, in each ease only one colour 

will be imaged sharply at Iho respective measuring point defined by the position of (he foci of Ihe 

illumination pattern 16 - depending on its distance from the object 18 - i.e. only one wavelength 

satisfies the confocality condition. Correspondingly, an intensity maximum is observed at this 

wavelength in the spectrum of the light transmitted through the respective hole 32 of Ihe pinhole 

array 30.

As the measuring points become more densely spaced and as the light emission of the object 28 

increases, an increasing proportion of while lighl passes through the hole or pinhole in addition 

to the peak wavelength. In order to determine the peak wavelength characteristic of this foous to 

an adequate degree and with the required accuracy despite this obstacle, it is Intended that 

behind tire pinhole array 30 be arranged a spectrometric arrangement corresponding to the 

illumination pattern 16 and thus the matrix of holes of the pinhole array 30,
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which in Ihe embodiment example consists of the optical systems 34, 36 and a spectrum- 

dispersing element, e.g. a prism 38, arranged between them.

The pinhole array 30 is Imaged onto a CCD chip sensor, which >s used as delector device 40, by 

the optical systems 34, 36, which can consist of one or several lenses, The spectrum-dispersing 

element, |,c, the prism 38, effects a lateral spectral spreading of the maximum-intercity 

wavelength region of the light of the focus that appears in the holes with maximum Intensity, so 

that consequently every hole of the pinhole array 30 is imaged onto a line on the CCD chip 

sensor 40, I.e. the pixels arranged in an array, whereby - as In a line spectrometer - the position 

along this line corresponds to a particular wavelength. In this, the specfrum-disperelng unit - 

consisting of the optical systems 34, 36 and (he prism 30 - and the CCD sensor 40 are positioned 

relative Io the pinhole array 30 in a manner so that the laterally spread spectral lines from 

consecutive holes of the pinhole array 30, which now form lines on the pixels, contact each other 

without or nearly without empty spaces and without any overlap taking place.

Figure 3 illustrates that all pixels between the measurement points are used for the spectral 

dispersion and thus for the determination of the peak position. The filled circles 42 represent a 

measurement point and the arrow 46 extending towards the following measurement point 44 

represents lire laterally dispersed spectral lines of the focus imaged in the hole of the pinhole 

array that corresponds to the measurement point 42.

If for example one chooses the above-specified illumination pattern with the stated dimensions 

and a CCD chip or camera chip with a size of 6.4 mm x 4.8 mm and with 1 million pixels (pixel 

size 6.7 pm x 6.7 pm), then 186 pixels are available for the spectral dispersion per measuring 

point. Given a line width of 2 pixels which corresponds to the pinhole diameter, one obtains for 

each of the approximately 2000 measuring points and approximately 2000 background points a 

line spectrometer with 93 elements for spectral dispersion. After image acquisition, the 

evaluation of the image information

-13-
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or measurement data lakes place either on the CCD sensor Itself or on an external unit. For this, 

a suitable algorithm is used to determine for every measuring point Ihe spectral peak position 

and from (his the dislancc of each measuring point to the object 28. In this manner, one image 

yields the three-dimensional structure of the object 28 at the nodes or measuring points, whereby 

the resolution depends on the chosen focus distance and the image scale of the objective lens IS.

If the separation of nodes is greater than the desired resolution and/or if Ute three-dimensional 

structure can not be acquired from a viewpoint, the illumination pattern 16 can be shifted 

accordingly. If the measuring arrangement is a manually operated device, then a complete 

acquisition of the object 28 can be achieved through a continuous moving of the measuring 

arrangement, whereby the resulting individual images are fit together to form a complete image 

in a suitable manner.

Since, as mentioned before, in the case of an object 28 causing scatter, not only the wavelength 

of the sharply imaged focus is imaged in the holes 32 oF the pinhole array 30, but also a 

significant amount of while light, it becomes necessary to employ methods to eliminate or 

reduce the background caused by this.

For the purpose of illustrating the importance of the white-light background during measuring 

and evaluation, figure 4 shows a typical measuring signal 48 with the object 28 being a tooth. 

The higher the portion of white-light background in the measuring signal 48 is, the more 

accurate must be the Information on the spectral behaviour of the background 52 in each 

measured point to be able to determine the position of the peak 50 that is characteristic of the 

wavelength of the focus. For this purpose a method can be employed that is schematically 

illustrated in figure 5. In addition to the holes 32, in which the foci are imaged, the pinhole anay 

30 comprises additional holes 54 that are not matched to the illumination pattern 14. In 

accordance with the preferred arrangement of figure 5, the holes 54 that do not conespond to the 

illumination pattern 14 are positioned between the holes 32 that do correspond to the 

illumination pattern )4. The spectra in
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(he holes 54, in which no foci are imaged, thus approximately represent (he background signal 

of (he neighbouring holes 32, In which foci are imaged and which represent measuring points. 

In (his, one alternatively can use the measuring signal of an individual neighbouring hole 54, 

which basically contains only while light, or the average of several neighbouring holes 54, to 

determine the background 52. The holes 54 can be referred to as non-illuminated whereas the 

holes 32 can bo referred to as Illuminated holes or pinholes.

In accordance with the arrangement of the illuminated or first holes 32, in which foci are 

Imaged, and the second holes 54 used for determining the background, which can also be 

referred to as ηαη-illumlnaled holes, only half ihe number of pixels Is available per measuring 

point for spectral dispersion, compared to tho variant, in which the number of foci is identical to 

the number of pinholes or holes 32.

It is further possible to determine the white-light content by using a plane-parallel plate 56, 

which is arranged in the beam path between the first beam splitter 24 and the beam deflector 26, 

in particular between the objective lens 18 and the first beam splitter 24. The plane-parallel plate 

56 In the optical path effects an axial shifting of the foci, which in turn effects a shift of the peak 

position in the measured signal. By sequentially acquiring images at one position with and 

without Ihe plane-parallel plate 56 one obtains per measuring point two spectra with different 

peak positions but identical background. Subtracting (he two spectra thus allows eliminating the 

background. A typical signal ourve after subtraction of the two spectra is illustrated in figure 8. 

One recognizes (he peaks 58, 60, which were determined by the subtraction and whose 

separation is predetermined by the plane-parallel plate 56.

In the farther evaluation for determining the unknown object distance, one can employ several 

characteristic quantities, among others the two extrema, i.e. peaks 58, 60 and/or the spectral 

position of the zero passage.

-is-
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Live-image acquisition can be provided as a positioning aid and as an aid for assigning the 

individual images to a complete picture. Fot this purpose the embodiment example possesses an 

additional camera chip 62, onto which the object 28 is imaged, An additional light source 64 can 

be provided, which preferably illuminates the object 28 via a deflection device 26, Instead of 

one light source 64 it is possible to have several light sources. For live-image acquisition the 

light source 64 should emit light in a spectral region lhat Is outside of the wavelength range used 

for the actual measurements. This allows carrying out live imaging and measuring independently 

hum each other.

For the purpose of beam splitting one can employ in the beam path between the objective lens 18 

and the first beam splitter 24 a second beam splitter 66 such as a dichroic filler, which provides 

high transmission for the measuring signal and high reflection for the live-image signal.

As mentioned above, iho objective lens 18 is also used to image the object 28 onto flic camera 

chip 62, whereby the axial position of the camera chip 62 is chosen so that the live image is in 

focus approximately in the centre of the measuring region.

The size and shape of the measuring arrangement or the measuring device is particularly 

important in the case of intraoral application for measurement of teeth. Thus, in a development 

of the invention, it is possible that only the objective lens 18 and the beam-deflector 26 are 

arranged in an intraoral part of a hand-held device, which can be inserted into the mouth. The 

other components can bo Integrated in an cxtraoral pad of the hand-held device or in a separate 

equipment unit. A compact light source offers the option of integration in a hand-held device.

Instead of (he halogen lamp 10, one can also envision other light sources, such as for example 

one white-light LED or several LEDs of different colours wifli a suitable collimating optical 

system.
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Alternatively the light source 10 can be integrated in an external unit and the light is fed into the 

hand-held unit via fibres, whereby the output end of (he fibre-optic light guide is positioned al 

the focal point of the collimator lens 12, or the output ends of several corresponding fibre-optic 

light guides themselves represent die foci of the illumination pattern, instead of the foci of the 

micro-lens array.

For generating the multi-focal illumination pattern 16 it is also possible to use - instead of or in 

addition to the micro-lens array 14 - a pinhole array· that can be arranged in the plane of the 

illumination pattern 16 shown in the figures.

It is essentia) for an exact measuring process and uncomplicated handling of (he measuring 

device that there exists a precise geometric and spatial correspondence between the micro-lens 

army 14 and the pinhole array 30. To translate this into practice, one can choose a monolithic 

design, which is schematically illustrated in figure 6. Also integrated into the monolithic 

embodiment, which oan possess a cube-shaped geometry, is the first beam splitter 24.

If the object 28 is not measured or scanned by a single picture but rather by a multitude of 

pictures, i.e. using individual images, the images must have an unambiguous relation with 

respect to each other to facilitate an uncomplicated interpretation. For this purpose it Ϊ3 

particularly intended that the individual pictures overlap iq segment, which constitute 50% to 

95% of each picture. As an alternative or supplement it is also possible to use as an aid for the 

superposition of the individual images the placing of fixed pointe on the object 28.

As an alternative to the manual displacement of (he measuring device, which is preferably 

embodied - as mentioned above - as a handheld device, actuators can be integrated into the 

measuring arrangement for the purpose of shifting the measuring points. In this, the highest 

possibly necessary displacement corresponds to the distance between measuring points minus 

the desired resolution, consequently 225 pm in the embodiment example being explained (250 

pm hole separation - 25 pm resolution).

\f
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Figure 7 illustrates an alternative approach for obtaining individual images. Plane-paraliel plates 

70, 72 can be arranged in the measuring beam - in the embodiment example upstream of the 

objective lens 18 -, whereby it is aleo possible to use a single plate with two rotational axes (see 

arrows 74, 76). In this, the axes of rotation preferably run in the plane defined by the plane- 

parallel plate 70, 72, A further possible variant is the uso of a movable or rotatable deflection 

mirror such as the deflection device 26 as a variable beam-deflection system.

With respect to the live imago it should be mentioned that alternatively the use of an additional 

light source Is not necessary, in particular if the illumination pattern is out of focus in the 

spectra] region used for the live-image acquisition.

Furthermore, it is also possible to employ a diftractivo element to generate the high chromatic 

aberration, and/or a diffractive element or a grating as dispersing element, and/or CMOS 

detectors instead of CCD chips, and/or LCD modulators or DMDs to generate the illumination 

pattern instead of the micro-lens array.
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The claims defining the invention are as follows:

1. A measuring arrangement for the three-dimensional measuring of at least part of an object 

comprising one light source with a continuous spectrum, one device for generating a 

multi focal illumination pattern, one objective lens with high chromatic aberration to 
image foci of the illumination pattern onto the object, one detector unit for determining 

the wavelength spectra of the foci imaged confocally onto the object by the objective lens, 

as well as one spectrum-dispersing device that is arranged between the confocally imaged 
foci and the detector device, wherein in the plane of the confocally imaged foci is 

arranged one first matrix of holes with first holes, whereby the geometric arrangement of 
the first holes corresponds to the geometric arrangement of the foci of the multi-focal 
illumination pattern.

2. The measuring arrangement of claim I, wherein the dispersing device comprises an optical 

system that images the foci imaged in the first holes onto the detector device, with a 
dispersing element that laterally spreads the respective spectrum of every focus.

3. The measuring arrangement of claim 1 or claim 2 wherein the imaging optical system 
comprises two optical systems with the dispersing element positioned in between said two 
optical systems.

4. The measuring arrangement of any one of the preceding claims, wherein the detector

device comprises pixels, which are part of a CCD chip sensor and are arranged on an 

area, and that the spectrum-dispersing device is arranged relative to the first matrix of 
holes and/or the detector device is arranged relative to the dispersing device in such a 

manner that the laterally spread spectra impact the pixel surface without overlap.

5. The measuring arrangement of any one of the preceding claims, wherein the spread
spectra impact on the pixel surface in such a manner, that consecutive laterally spread 

spectra contact each other without any free pixels.

6. The measuring arrangement of any one of the preceding claims, wherein arranged after the

light source in the first focus plane extending on the light-source-side of the objective 
lens is a micro-lens array for generating the multi-focal illumination pattern, or arranged 

in the first focal plane of the objective lens is arranged a second matrix of holes, in whose 

holes the foci of the multi-focal illumination pattern can be imaged or whose holes define 

the multi-focal illumination pattern.

-19-
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7. The measuring arrangement of any one of the preceding claims, wherein between the 
objective lens and the detector device is arranged a first beam splitter that deflects light 
onto the first matrix of holes.

8. The measuring arrangement of any one of the preceding claims, wherein the measuring 

arrangement comprises one second light source illuminating the object.

9. The measuring arrangement of any one of the preceding claims, wherein the spectral 
range of the second light source is outside of the wavelength range of the first light 

source, which essentially can be evaluated to acquire the shape of the object.

10. The measuring arrangement of any one of the preceding claims, wherein between the first 
beam splitter and the objective lens is arranged one second beam splitter, through which 

light of the second light source imaging the object can be imaged onto an acquisition 
device.

11. The measuring arrangement of any one of the preceding claims, wherein the second beam 

splitter is of an optical design that ensures high transmission for the light for the confocal 
imaging of the foci and high reflection for the light of the second light source and/or the 
second beam splitter is a dichroic filter.

12. The measuring arrangement of any one of the preceding claims, wherein the first matrix of 

holes comprises second holes, which are associated with the first holes and are intended 

for determining the background in the measuring results.

13. The measuring arrangement of any one of the preceding claims, wherein between the 

objective lens and the object is arranged a beam-deflecting device.

14. The measuring arrangement of claim 13, wherein the objective lens with the beam- 

deflecting device is a section of the measuring arrangement to be used intraorally.

15. The measuring arrangement of any one of the preceding claims, wherein the first light 

source is a halogen lamp or the first light source comprises or consists of white-light 
LEDs or several coloured LEDs.

16. The measuring arrangement of any one of the preceding claims, wherein the emission of 

the first light source is fed through fibre-optic light guides with output ends located in the 
focus plane of a collimating optical system or, the emission of the first light source

-20-
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is fed through fibre-optic light guides, whose output ends are located in the first object 

plane of the objective lens and thus themselves form the foci of the illumination pattern 

instead of the foci of the micro-lens array.

17. The measuring arrangement of any one of the preceding claims, wherein the emission of 
the first light source is fed through one or several fibre-optic light guides, whose output 
ends are located in the focus plane of a collimating optical system, behind which the 

collimated beam of the fibre-optic light guide reaches the micro-lens array, or the 
emission of the first light source is fed through fibre-optic light guides with output ends 

positioned in the first object plane of the objective lens.

18 The measuring arrangement of any one of the preceding claims, wherein the micro-lens 
array, the first matrix of holes, and the first beam splitter are embodied as a single 

constructional element.

19. The measuring arrangement of any one of the preceding clai ms, wherein between the first 

beam splitter and the objective lens is arranged at least one plane-parallel plate and that 
the plane-parallel plate is embodied rotatable about two axes running in the plane defined 
by the plate.

20. The measuring arrangement of any one of the preceding claims, wherein the deflection 

device is embodied to be moveable and/or tiltable.

21. The measuring arrangement of any one of the preceding claims, wherein the optical path 

of the measuring beam can be changed by inserting a plane-parallel plate into the optical 

path.

22. A method for measuring the shape of at least one section of an object utilizing one light 

source to generate light with a continuous spectrum, one device for generating a multi
focal illumination pattern, one objective lens with high chromatic aberration for imaging 
foci of the illumination pattern onto the object, one detector device Io determine the 

wavelength spectra of foci imaged confocally onto the object by the objective lens, 
whereby the spectral peak position of every focus is determined in each of the respective 
wavelength spectra, from which is then computed the extent of the object along the

direction of the imaging beam (Z coordinate), wherein in the plane of the confocally 

imaged foci is arranged a matrix of holes with first holes, whose geometric arrangement

-21-
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correlates with the arrangement of the muiti-focal illumination pattern, and that the 
positions of the first holes define positions of the foci on the object in a plane (X, Y 
coordinates) extending normal relative to the imaging beam, whereby the wavelength 

spectra of the foci imaged in the holes are simultaneously acquired by the detector device.

23. The method of claim 22, wherein the wavelength spectrum of every single focus imaged 

in a hole is laterally spread using a dispersing device arranged downstream of the first 

matrix of holes.

24. The method of claim 22 or claim 23, the detector device comprises a pixel area of a CCD 

sensor to acquire the wavelength spectra, that the pixel area and/or the dispersing device 

are arranged relative to the first matrix of holes with such an inclination that the 

wavelength spectra of the foci imaged in the first holes impact the pixel surface without . 
any overlap.

25. The method of any one of claims 22 to 24, wherein the pixel surface and/or the dispersing 

device are arranged at an inclination relative to the first matrix of holes in such a mannerI
that the wavelength spectra of the foci imaged in the first holes contact each other Without 

any free pixels.

26. The method of any one of claims 22 to 25, wherein a first spectrum of a focus is 

determined, that an optical element that changes the path length of the beam path is 
arranged in the optical path of the focus, that a second spectrum is determined from the 

focus with changed beam path, that the spectra are subtracted from each other, and that 
from the resulting equal peaks with opposite sign one determines the wavelength of the 

light of the focus.

27. The method of any one of claims 22 to 26, wherein one determines the spectral curve of 

the background of the spectrum of the focus by determining spectra of light reaching 

second holes associated with the first holes, whereby the arrangement of the second holes 
deviates from the arrangement of the muiti-focal illumination pattern.

28. The method of any one of claims 22 to 27 wherein spectra of light of several second holes 
associated with one first hole are averaged for the purpose of determining the 
background.

29. The method of any one of claims 22 to 28, wherein the object is measured intraorally,
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30. The method of any one of claims 22 to 29, wherein for measuring the object, sections of 
the object are measured one after the other, whereby subsequent sections possess a 

common subsection that constitutes between 50% and 95% of the size of the section.

31. The method of any one of claims 22 to 30, wherein for determining the shape of the at 

least one section of the object, the subsections are recorded subsequently with a frame 

rate of between 25 and 50 images per second.

32. The method of any one of claims 22 to 31, wherein for the purpose of imaging the

sections, a deflecting device that is arranged between the object and the objective letns is 

moved.

33. The method of any one of claims 22 to 32, wherein for the purpose of imaging the 

sections, the deflecting device and the object are moved as a unit.

34. The method of any one of claims 22 to 33, wherein for measuring the sections, the multi

focal illumination pattern is moved, and the first matrix of holes is moved synchronously.

35. The method of any one of claims 22 to 34, wherein the object is imaged onto an image- 
acquisition device, whereby for the imaging a spectral region is selected, in which the 
illumination pattern imaged on the object is imaged out of focus.
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