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(57) ABSTRACT 

An arrangement for measuring components has a manipu 
lator, at least one measuring system in operative connection 
With the manipulator, the at least one measuring system 
including at least one contour measuring device associated 
With the manipulator and generating an optical sensing 
surface sWeeping a measuring region, an at least one mea 
suring object arranged in the measuring region and at least 
one reference feature associated With the measuring object; 
and a method of measurements is performed With the 
arrangement. 



Patent Application Publication Mar. 3, 2005 Sheet 1 0f 3 US 2005/0046871 A1 

Fig.1 
12 



Patent Application Publication Mar. 3, 2005 Sheet 2 0f 3 US 2005/0046871 A1 

11 

53 52 
54 

44 

_Q 

46 

45. 
24 



Patent Application Publication Mar. 3, 2005 Sheet 3 0f 3 US 2005/0046871 A1 



US 2005/0046871 A1 

APPARATUS FOR AND METHOD OF 
MEASUREMENTS OF COMPONENTS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an apparatus for as 
Well as to a method of measurement of components. 

[0002] Modern mounting and manufacturing processes 
increasingly are based on the use of mounting and manu 
facturing robots, Whose actuators are rotatably displaceable 
in their positions around a plurality of pivot axes for 
obtaining a high spacial movement ?exibility of the robots. 
The production processes Which become more and more 
complicated pose hoWever high demands for the precision of 
the movement of the robot actuators. The precision of the 
movement signi?cantly decreases With an increasing num 
ber of pivot axes partially. This relationship can be substan 
tially traced to the number of robot components and their 
component tolerances, as Well as to the increasing number of 
turning axes bearings and their bearing clearances. For 
providing high-precision movements in such robot systems, 
they must be partially post-adjusted in de?ned time intervals 
by very expensive calibrating processes. 

[0003] In the past many efforts Were made to simplify 
these calibration processes. The European patent document 
EP 1 302 285 shoWs for example such a calibration process, 
Which With the use of complex mathematic relations dis 
closes an efficient and simplest structure calibration process 
for post-adjusting of robot movements. Based on the com 
plex mathematical relations, such calibration processes are 
hoWever not suitable to improve the precision of the move 
ment of mounting and manufacturing robots to such a degree 
that their actuators Would be capable for high-precision 
component measurements. 

[0004] For performing high-precision component mea 
surements, measuring processes are established, Which are 
performed in so-called measuring spaces under laboratory 
conditions. In addition to a high time expense for the 
performance of such measuring processes, they possess the 
disadvantage that they are integratable in the mounting or 
manufacturing lines only to a limited degree. In contrast, the 
robot systems With sensors Which can perform high preci 
sion measurements are good for the integration in the 
mounting and manufacturing lines, but such an integration 
stands in the Way of the insuf?ciently precise movement of 
the robot segments. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, it is an object of the present invention 
to provide an arrangement for and a method of measure 
ments of components, Which avoids the disadvantages of the 
prior art. 

[0006] More particularly, it is an object of the present 
invention to provide an arrangement for and a method of 
measurements of components With a robot-guided measur 
ing system, Which eliminates the disadvantages of the prior 
art and provides a great ?exibility in the movement of robot 
systems connected With the measuring accuracy of high 
precision measuring processes. 

[0007] In keeping With these objects and With others 
Which Will become apparent hereinafter, one feature of the 
present invention resides, brie?y stated, in an arrangement 
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for measuring components, comprising a manipulator, at 
least one measuring system in operative connection With 
said manipulator, said at least one measuring system includ 
ing at least one contour measuring device associated With 
said manipulator and generating an optical sensing surface 
sWeeping a measuring region; and at least one measuring 
object arranged in said measuring region and at least one 
reference feature associated With said measuring object. 

[0008] Another feature of the present invention resides in 
a method of measuring components With at least one mea 
suring system in operative position With a manipulator, 
comprising the steps of providing in a measuring region at 
least one measuring object and a reference feature associated 
With the measuring object; sWeeping the measuring region 
With a sensing surface Which is generated by a contour 
measuring device of the measuring system that is in opera 
tive connection With the manipulator; and determining by 
the contour measuring device a spatial position of the 
measuring object relative to the reference feature. 

[0009] Since in accordance With the present invention at 
least one contour measuring device is associated With the 
manipulator and generates an optical sensing surface cov 
ering a measuring region, and in the measuring region at 
least one measuring object and at least one reference feature 
associated With the measuring object are arranged, it is 
guaranteed that the determination of the distance and/or the 
position of the measuring object relative to the reference 
feature is performed independently from the movement of 
the manipulator. This has especially the advantage in that the 
measurement of the measuring object is performed indepen 
dently from position deviations of the manipulator. 

[0010] An especially high ?exibility of the measurement 
of the complexly designed component is obtained When in 
accordance With the present invention the manipulator is 
formed as a multi-axes handling device, that can drive very 
?exibly to different component positions. 

[0011] Astructurally simply convertible high-precise mea 
surement of a component is provided in accordance With the 
present invention When the contour measuring device 
includes at least one signal source for generation of an 
optical sensing surface and at least one registering unit 
Which reproduces the intersection region of the sensing 
surface Within measuring region. 

[0012] In a structurally simple manner, in accordance With 
the present invention the signal source can be formed as a 
knoWn laser sensor Which operates in accordance With a 
light section principle. 

[0013] A structurally simple embodiment of the register 
ing unit is provided When the registering unit in a knoWn 
manner includes an objective Which is in operative position 
With a detector, Wherein the detector detects the section 
surface provided in the contact Zone betWeen the sensing 
surface and the measuring region, and makes it available as 
an electronic output signal for further processing. 

[0014] The sWeeping of the measuring region by the 
sensing surface can be provided in accordance With a further 
advantageous embodiment of the present invention in a 
structurally simple Way When the control measuring device 
is movable either linearly or turnable around a horiZontal 
axis on the manipulator. 
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[0015] In a further advantageous embodiment of the 
present invention the measuring region can be linearly 
movable, so that the measuring region is guided by a 
stationary sensing surface generated by a contour measuring 
device that is arranged stationarily on the manipulator. This 
has in particular the advantage that the contour measuring 
device arranged on the turnably movable manipulator can be 
easily realiZed, so that the masses movable by the manipu 
lator are reduced. 

[0016] The ?exibility and accuracy of the inventive mea 
suring device can be increased When the measuring device 
is spatially separated from the manipulator and arranged in 
any position in space. 

[0017] In accordance With a further embodiment of the 
present invention, a plurality of measuring objects With 
associated reference features are associated With the com 
ponent. This further increases the ef?ciency of the compo 
nent measurement. In an advantageous further embodiment 
of the present invention, the measuring objects form de?ned 
geometries of the component, so that in addition to points, 
also lines extending in space as Well as complete surfaces of 
the components can be measured. 

[0018] For determining the distance of the measuring 
object relative to the reference feature by a simple structural 
data processing system, the reference features can be 
embodied by stationary geometrical reference points, Whose 
position and space are stored in the measuring system. The 
reference points in a structurally simplest case can be 
formed as suitably shaped geometric bodies, Whose position 
in the measuring region is changeable. 

[0019] An especially simple, accurate and ef?cient method 
for measurement of components is provided When in the 
measuring region a measuring object and at least one 
reference feature are arranged, Which are sWept by a sensing 
surface, that is generated by a contour measuring device in 
operative connection With a manipulator, and the control 
measuring device determines the spatial position of the 
measuring object relative to the reference feature. 

[0020] The accuracy of the inventive method is especially 
high When the manipulator during the measuring process is 
locked in a stationary position, and the contour measuring 
device Which is in operative connection With the manipula 
tor can change its position relative to the manipulator. 

[0021] Since the spatial position of the geometry of the 
measuring object partially or completely is presented in a 
spatial coordinate system, and the contour measuring device 
makes the special position as an output signal, these mea 
suring data can be also used for qualitative assessment of the 
geometry of the measuring object. This is especially of a 
great advantage When the shape and position deviations of 
the measuring object must be determined. 

[0022] The novel features Which are considered as char 
acteristic for the present invention are set forth in particular 
in the appended claims. The invention itself, hoWever, both 
as to its construction and its method of operation, together 
With additional objects and advantages thereof, Will be best 
understood from the folloWing description of speci?c 
embodiments When read in connection With the accompa 
nying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a vieW shoWing a manipulator of a 
contour measuring device in accordance With the present 
invention; 
[0024] FIG. 2 is a vieW shoWing a further embodiment of 
a manipulator of the inventive contour measuring device; 
and 

[0025] FIG. 3 is a vieW illustrating the measurement of a 
component With a complex geometrical structure, in accor 
dance With the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] FIG. 1 shoWs a manipulator 2 Which is formed as 
a mounting and manufacturing robot 1, hereafter referred to 
as a Working robot. It is stationarily anchored at its loWer 
side in a ground 4 through a base 3. Segments 6-9 Which 
form in a knoWn manner the tool carrier 5 are associated 
With the Working robot 1 and movable about a plurality of 
horiZontal and vertical pivot axes 10-13. 

[0027] In the shoWn embodiment, the outer segment of the 
Work robot receives a holding device 14 that is designed as 
a support and has at a loWer side a linear guiding system 17 
With a guiding rail 15 and a guiding carriage 16 that engages 
the guiding rail. A holding device 18 Which is also formed 
as a support is associated With the guiding carriage 16 of the 
linear guiding system 17 in its loWer side region. It is ?xedly 
connected With the guiding carriage 17, in a simple case by 
not shoWn screWs. Further holding devices 18 are formed 
With an adaptor base 19 in a region facing aWay from the 
guiding carriage 16 and in accordance With the present 
invention receive a contour measuring device 20. 

[0028] The contour measuring device 20 in a knoWn 
manner includes a laser beam source 21 With a mirror-lense 

system 23 Which deviates and splits a laser beam 22, so as 
to produce a sensing surface 24 in accordance With the 
present invention. Such a method is knoWn as a laser light 
section method, and the sensor unit 25 Which generates the 
sensor surface 24 is knoWn as a laser light section sensor 26. 
In accordance With the present invention, other optical 
methods can be utiliZed, Which generate either an area 
sensing ?eld or a point-shaped sensing ?eld. In addition, the 
control measuring device, in its region facing aWay from the 
sensor unit 25, has an objective 28 protected by a vieW 
WindoW 27 and detecting the intersection region 29 betWeen 
the sensing surface 24 and the measuring part 30 to supply 
it to a detector 31. The detector 31 reproduces the section 
surface 29 and makes it available via an electronic signal 
unit 22 as output signals 33 for further processing. 

[0029] In accordance With the present invention, the sens 
ing surface 24 of the contour measuring device sWeeps a 
measuring region 30. The dimension of the measuring 
region depends on a degree of the fanning of the laser beam 
22 in the mirror-laser system 23 in the movement path 34 of 
the guiding carriage 16 of the linear guiding system 17. 

[0030] In accordance With the present invention, in the 
thusly formed measuring region 30 a component 35 is 
arranged and is provided With at least one measuring object 
36 that is located in the measuring region 30 and is sWept by 
the sensing surface 24 of the linearly movable contour 
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measuring device 20. The component 35 schematically 
shown in FIG. 1 in the simplest case is screWed in a not 
shown manner in a component carrier 37 or can be ?xed in 

another suitable manner in the component carrier 37. In 
addition, the component carrier 37 Which is spatially sepa 
rate from the Working robot 1, in accordance With the 
present invention receives a reference feature 38. As shoWn 
in FIG. 1, the reference feature 38 can be formed as a 
pyramid-shaped geometrical body 39 With a head region 
identi?ed by points and representing a reference point 40 
Which forms the reference feature 38. In the simplest case 
the pyramid-shaped geometrical body 39 can be also 
screWed in the component carrier 37. The position of the 
body 39 is selected so that the reference feature 38 is 
associated With at least one measuring object 36 of the 
component 35 and in some cases located inside the measur 
ing region 30 sWept by the sensing surface 24. 

[0031] The position of the reference feature 38 is deter 
mined in a spatial coordinate system 41, and the spatial 
coordinates are stored in a computing unit 42. Therefore it 
is possible by means of the contour measuring device 20, to 
determine distance coordinates and/or space coordinates of 
the corresponding measuring object 36 associated With the 
respective reference feature 38, to the reference feature 38. 
In the simplest case, the space coordinates of the measuring 
objects 36 are determined in the computing unit 42. It is 
required here that output signals 33 Which code the position 
of the intersecting region 29 betWeen the measuring region 
30 and the sensing surface 24 are made available through a 
knoWn data transmission systems 43 to the computing unit 
42. 

[0032] As shoWn in FIG. 2 it is also possible that the 
holding device 18, Which receives the contour measuring 
device 20 at an upper side, also receives a sWivel axis 44 that 
is received by a ?ange support 45 connected With the front 
segment 9 of the Working robot 1. In a not shoWn manner, 
a drive can be provided for turnably guiding the contour 
measuring device 20 in accordance With the arroW direction 
46 around the pivot axis 44. In this case the linear guiding 
system 17 of FIG. 1 can be dispensed With. It is also 
recommended to arrange the contour measuring device 20 
rigidly on the Working robot 1 and to displace the component 
carrier 37 With the component 35 ?xed on it and the 
reference feature 38 linearly in the arroW direction 47, so 
that the at least one measuring object 36 of the component 
35 and the reference feature 38 associated With the measur 
ing object 36 is guided through the sensing surface 24 of the 
contour measuring device 20. 

[0033] For generating high-precision space and/or posi 
tion coordinates of the measuring object 36 it is required that 
the position change of the sensing surface 24 is detected by 
a sensor and transmitted to the computing unit 42. In a 
knoWn and not described manner, this position change 
determination can be performed by a path measuring system 
52. Depending Whether the position of the contour measur 
ing device 20 is changeable by a linear guiding system 17 or 
a pivot axis 44, scales 53 are associated With the correspond 
ing holding device 18 and formed linearly or circularly. 
Their not shoWn markings are detected by position sensors 
54 arranged on the moving holding devices 18. The scales 53 
are formed as a rule of glass, While the markings as a rule 
are engraved or milled. 
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[0034] FIG. 3 shoWs a further embodiment of the inven 
tive arrangement schematically shoWn in FIGS. 1 and 2. 
The component carrier 37 is ?xed on the ground 4 and at the 
same time is arranged independently from the manipulator 2 
formed as a Working robot 1. The component carrier has a 
plurality of bar-shaped reference features 38. They are 
arranged in a ?xed position on the component carrier 37 and 
associated With a plurality of measuring objects 36. Because 
of the complex shape of the component 35, the reference 
features 38 have different positions in space. For measuring 
the measuring objects 36 and the reference features 38 
associated With them by the contour measuring device 20, 
the front segment 9 of the Working robot 1 must be brought 
to different positions. The corresponding required position is 
determined by the position of the measuring object 36 and 
the reference feature 38 associated With it, since it alWays 
must be guaranteed that the sensing surface 24 of the contour 
measuring device 20 sWeeps at least the associated measur 
ing object 36 and the reference feature 38 in the previously 
described manner. 

[0035] As can be seen from FIG. 3, the measuring objects 
to be measured can have different geometries. The measur 
ing objects on the one hand can have simple geometries in 
form of openings 48, or can have rectilinear edge dimen 
sions 49. Because of the high precision of such laser-based 
contour measuring devices 20, it is hoWever possible that the 
measuring objects 26 have complicated geometrical shapes, 
such as for example three-dimensional curvatures of edges 
50 or surfaces 51 extending in space. In addition, the 
inventive method makes possible a testing of so-called shape 
and position tolerances of different measuring objects rela 
tive to one another, such as the coincidence of openings 48, 
through Which for example a common pivot axis must pass. 
A further advantageous utiliZation of the method includes 
testing of the position and shape of Welding seams, that can 
be tested With the use of the inventive method in running 
mounting or manufacturing processes, Without the use of 
complicated measuring processes oriented specially for 
measurements of the Welding seams. 

[0036] It Will be understood that each of the elements 
described above, or tWo or more together, may also ?nd a 
useful application in other types of constructions differing 
from the types described above. 

[0037] While the invention has been illustrated and 
described as embodied in an apparatus for and method of 
measurements of components, it is not intended to be limited 
to the details shoWn, since various modi?cations and struc 
tural changes may be made Without departing in any Way 
from the spirit of the present invention. 

[0038] Without further analysis, the foregoing Will so fully 
reveal the gist of the present invention that others can, by 
applying current knoWledge, readily adapt it for various 
applications Without omitting features that, from the stand 
point of prior art, fairly constitute essential characteristics of 
the generic or speci?c aspects of this invention. 

What is claimed as neW and desired to be protected by 
Letters Patent is set forth in the appended claims. 
1. An arrangement for measuring components, compris 

ing a manipulator; at least one measuring system in opera 
tive connection With said manipulator, said at least one 
measuring system including at least one contour measuring 
device associated With said manipulator and generating an 
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optical sensing surface sweeping a measuring region; an at 
least one measuring object arranged in said measuring 
region and at least one reference feature associated With said 
measuring object. 

2. An arrangement as de?ned in claim 1, Wherein said 
manipulator is formed as a multi-aXes Working robot. 

3. An arrangement as de?ned in claim 1, Wherein said 
contour measuring device has at least one signal source for 
generation of said optical sensing surface and at least one 
registering unit Which reproduces an intersecting region of 
said sensing surface With said measuring region. 

4. An arrangement as de?ned in claim 3, Wherein said 
signal source is formed as a laser sensor. 

5. An arrangement as de?ned in claim 4, Wherein said 
laser sensor is formed as a laser light section sensor. 

6. An arrangement as de?ned in claim 3, Wherein said 
registering unit includes a detector and an objective Which is 
an operative connection With said detector, said detector 
detecting said intersecting region and making it available as 
an electronic output signal for a further processing. 

7. An arrangement as de?ned in claim 1, Wherein said 
contour measuring device is arranged on said manipulator so 
as to be movable in a manner selected from the group 

consisting of linearly movable, pivotably movable, and both. 
8. An arrangement as de?ned in claim 1; and further 

comprising a component carrier provided for receiving the 
component and being linearly movable. 

9. An arrangement as de?ned in claim 1, Wherein said 
measuring region is arranged spatially separate from said 
manipulator and occupies an arbitrary position in space. 

10. An arrangement as de?ned in claim 1, Wherein a 
plurality of said measuring objects and a plurality of said 
associated reference features are arranged on the compo 
nent. 

11. An arrangement as de?ned in claim 1, Wherein said 
measuring object forms a de?ned geometry of a component. 
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12. An arrangement as de?ned in claim 1, Wherein said 
reference feature incorporates a stationary geometric refer 
ence point; and further comprising a computing unit Which 
stores said reference point in its position in space. 

13. An arrangement as de?ned in claim 1, Wherein said 
reference feature is formed as a geometrical body With a 
position changeable in said measuring region. 

14. A method of measuring components With at least one 
measuring system in operative connection With a manipu 
lator, comprising the steps of providing in a measuring 
region at least one measuring object and a reference feature 
associated With the measuring object; sWeeping the measur 
ing region With a sensing surface Which is generated by a 
contour measuring device of the measuring system that is in 
operative connection With the manipulator; and determining 
by the contour measuring device a spatial position of the 
measuring object relative to the reference feature. 

15. A method as de?ned in claim 14; and further com 
prising retaining the manipulator during a measuring process 
in an immovable position and changing a position of the 
contour measuring device relative to the manipulator With 
Which it is in the operative connection. 

16. A method as de?ned in claim 14; and further com 
prising representing a spatial position of a geometry of the 
measuring object at least partially in a spatial coordinate 
system; and making the spatial position available by the 
contour measuring device as an output signal. 

17. A method as de?ned in claim 14; and further com 
prising using a spatial position of the measuring object for 
a qualitative assessment of a geometry of the measuring 
object. 

18. A method as de?ned in claim 17; and further com 
prising providing in the qualitative assessment a determina 
tion of shape and position deviations. 

* * * * * 


