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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a method and
a device for determining the relation between a local co-
ordinate system located in the working range of an in-
dustrial robot and a robot coordinate system. The inven-
tion is, for example, suitable for determining the relation
between a work piece coordinate system, or a fixture
coordinate system, and a robot coordinate system.

PRIOR ART

[0002] A basic problem in robot installations and com-
missioning of robot cells is the identification of the relation
of the robot to a work piece to be processed by the robot.
The robot is supposed to perform work on the work piece
and the work piece is located in the working range of the
robot. The same problem arises in cases when the robot
holds the work piece to be processed and a tool is located
in the working range of the robot. In that case the relation
between the tool and the robot must be identified.

[0003] Document WO 2004/108364A discloses prior
art solutions.
[0004] The reason for the work piece identification is

to define a local coordinate system in the work piece that
can be used for programming the robot to perform work
on the work piece. There are two major advantages with
this approach: the programming will be done in the co-
ordinates of the work piece, which will give better under-
standing by the programmer. An alternative would be to
program the robot in the robot base coordinate system.
However, this will be less easy to understand for the pro-
grammer. If the programming is done in the work piece
coordinate system the programming will be easy to reuse
if the relation between the robot and the work piece is
changed for some reason, such as moving the installa-
tion. The reuse will simply justinclude a new identification
of the relation between the robot coordinate system and
the work piece coordinate system. Further, use of offline
generated programs will be supported in an easy and
accurate way.

OBJECTS AND SUMMARY OF THE INVENTION

[0005] The object of the present invention is to provide
a method for determining the relation between a local
coordinate system located in the working range of the
robot and the robot coordinate system, which method is
simple, quick and accurate.

[0006] This object is achieved by a method as defined
in claim 1.
[0007] Suchamethod comprises: Attaching afirst cal-

ibration object in a fixed relation to the robot, determining
the position of the first calibration object in relation to the
robot, locating at least three second calibration objects
in the working range of the robot, wherein at least one of
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calibration objects is a male calibration object having a
protruding part shaped as a sphere, and at least one of
the calibration objects is a female calibration object com-
prising at least two nonparallel, inclining surfaces ar-
ranged to receive the sphere so that the sphere is in
contact with the surfaces in at least one reference posi-
tion, determining at least one reference position for each
of the second calibration objects in the local coordinate
system,

A) moving the robot in a compliant way until the
sphere is in mechanical contact with the surfaces of
the female calibration object,

B) reading the position of the robot in the robot co-
ordinate system when the sphere is in mechanical
contact with the surfaces, repeating the steps A-B
for the other two calibration objects, and calculating
the relation between the local coordinate system and
the robot coordinate system based on the position
of the first calibration object in relation to the robot,
the reference positions of the second calibration ob-
jectsinthe local coordinate system, and the positions
ofthe robot when the sphere is in mechanical contact
with the surfaces of the second calibration objects.

[0008] The invention supports an automatic, quick,
easy, and accurate identification of positions to be used
for calculating the local coordinate system. The method
is suitable for being carried out automatically by the robot
itself. The robot can be programmed to move the first
calibration object to the second calibration object, and
further until the sphere is in mechanical contact with the
surfaces, and accordingly the sphere is positioned in the
reference position.

[0009] The robot is provided with a self searching ca-
pability, for example, using force control or soft servo,
which moves the robot in a compliant way until the sphere
is in mechanical contact with the surfaces of the female
calibration object. When having an automatic identifying
function, which is easy and quick to use, there is a pos-
sibility to repeatedly identify the relation between the
work piece and the robot looking for long time changes
as well as deviations due to temperature changes. This
method according to the invention is useful for initial iden-
tification of the relation as well as keeping track on and
compensate for long-term changes and temperature
drift.

[0010] According to the invention, at least one of the
calibration objects is a male calibration object having a
protruding part shaped as a sphere and at least one of
the calibration objects is a female calibration object com-
prising at least two nonparallel, inclining surfaces ar-
ranged to receive the sphere so that the sphere is in
contact with the surfaces in at least one reference posi-
tion. When the male and female calibration objects are
combined they will give an accurate and repeatable po-
sition of the sphere in relation to the surfaces in at least
two degrees of freedom. The reference position of the
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calibration object is defined as the position of the sphere
when it is in contact with the surfaces of the female cal-
ibration object. In case the female calibration object has
only two surfaces, there exists a plurality of reference
positions positioned along a straight line. In this case at
least two reference positions should be measured in or-
der to determine the line. In case the calibration object
has three non- parallel, inclining surfaces there exists
only one reference position and the position of the sphere
can be determinedinrelation to the surfaces of the female
calibration object in three degrees of freedom. In this case
it is enough to measure the one and only reference po-
sition.

[0011] Asthe surfaces are inclined, the number of pos-
sible positions in which the sphere is in contact with the
surfaces is reduced. Advantageously, the inclination of
the surfaces is in the interval of 20-80°, and preferably
in the interval of 30-60°. If the inclination is too steep, the
measuring becomes uncertain and if the inclination is too
flat it is difficult to find the position in which the sphere is
in contact with the surfaces.

[0012] By determining the reference positions in the
local coordinate system as well as in the robot coordinate
system it is easy to determine the relation between the
robot coordinate system and the local coordinate system.
[0013] The first calibration object is, for example at-
tached to the robot, or to a tool carried by the robot.
[0014] According to an embodiment of the invention,
at least one of the calibration objects comprises three
nonparallel, inclining surfaces arranged to receive the
sphere so that the sphere is in contact with all three sur-
faces at the reference position. When the sphere is com-
bined with the three inclining surfaces, there is only one
position in which the sphere is in contact with all three
surfaces and a single, accurate position of the sphere in
relation to the surfaces is defined. The sphere is allowed
to rotate freely in all dimensions and the only thing that
effects the accuracy of the position information is the ac-
curacy of the sphere. This embodiment provides an ac-
curate and repeatable position of the male calibration
object in relation to the female calibration object.
[0015] According to an embodiment of the invention,
the sphere is attached to the robot, the other calibration
objects are shaped as grooves with two inclining surfac-
es, and at least three grooves are located in the robot
work area such that their longitudinal directions are non
parallel, and the method comprises moving the robot in
a compliant way until the sphere has been in mechanical
contact with both surfaces on all three grooves and the
positions of the robot has been stored for all three
grooves, and calculating the relation between the local
coordinate system and the robot coordinate system
based on the positions of the robot when the sphere is
in mechanical contact with the surfaces of the grooves.
[0016] According to an embodiment of the invention,
the robot is automatically moved by means of force con-
trol. The force control makes it possible for the robot to
automatically locate the position in which the sphere is
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in contact with the surfaces and accordingly to automat-
ically find the reference point. With force control is meant
that the force or torque between the first calibration object
and the robot is measured in at least two directions and
the movement of the robot is made in dependence on
the measured force or torque. The force or torque is
measured in at least three degrees of freedom in case
the calibration object is provided with three inclining sur-
faces. The sphere is in the reference position when there
is a force or a torque in three directions. Force control is
an active and sensitive control. According to an embod-
iment of the invention, the robot is automatically moved
by means of a soft servo. A soft servo is robot control
without a position loop. The soft servo makes it possible
for the robot to automatically locate the position in which
the sphere is in contact with the surfaces and accordingly
to automatically find the reference point.

[0017] Another object of the presentinvention is to pro-
vide a system for determining the relation between alocal
coordinate system located in the working range of the
robot and the robot coordinate system.

[0018] This object is also achieved by a system as de-
fined in claim 7.
[0019] Such a system comprises: afirst calibration ob-

ject adapted to be attached in a fixed relation to the robot,
three second calibration objects to be positioned in the
working range of the robot, wherein at least one of cali-
bration objects is a male calibration object having a pro-
truding part shaped as a sphere, and at least one of the
calibration objects is a female calibration object compris-
ing at least two nonparallel, inclining surfaces arranged
to receive the sphere so that the sphere is in contact with
the surfaces in atleast one reference position, and means
for automatically moving the robot in a compliant way
until the sphere is in mechanical contact with the surfaces
of the calibration object, and a computing unit configured
to receive and store the position of the robot when the
sphere is in mechanical contact with the surfaces, and
to calculate the relation between the local coordinate sys-
tem and the robot coordinate system based on a known
relation between the first calibration object and the robot,
the reference positions in the local coordinate system,
and the position of the robot when the sphere is in me-
chanical contact with the surfaces.

[0020] The calibration object is easy to use and easy
to attach to the robot tool, to a fixture, or to a work object.
[0021] For example, the calibration object is shaped
as a truncated inner corner of a cube. This shape is easy
to manufacturing as mechanical tolerances are non-crit-
ical. Independent of the manufacturing, there will only be
one reference position.

[0022] The method and the system according to the
invention is, for example, suitable for determining the re-
lation between a coordinate system of a fixture for holding
a work piece to be processed by the robot and the robot
coordinate system.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Theinvention will now be explained more close-
ly by the description of different embodiments of the in-
vention and with reference to the appended figures.

Fig. 1 shows a system for determining the relation
between a local coordinate system and a robot co-
ordinate system according to an embodiment of the
invention.

Fig. 2a shows an example of a female calibration
object.

Fig. 2b shows a male calibration object in the form
of a sphere received by the female calibration object
shown in figure 2a and the sphere in the reference
position.

Fig. 2c shows a cross section A-A through the sphere
and the female calibration object shown in figure 2b.

Fig. 3 illustrates the robot moving the sphere be-
tween the female calibration objects during calibra-
tion.

Fig. 4 shows another example of the female calibra-
tion object.

Fig. 5 shows a flow diagram illustrating an example
of a method according to the invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS OF THE INVENTION

[0024] Figure 1 shows a system for determining the
relation between a local coordinate system x;,y,,z,, and a
robot coordinate system x,y,,z, according to an embod-
iment of the invention. In this example, the robot coordi-
nate system is located in the base of the robot and is
denoted the base coordinate system of the robot. In this
example, the local coordinate system is a work piece
coordinate system and is related to a work piece 2 to be
processed by the robot and which is fixedly hold by a
fixture 3.

[0025] The robot 1 is provided with a robot controller
5 including at least one processor, memory and commu-
nication means. In this example, the robot controller 5 is
utilized for carrying out most of the steps in the method
according to the invention. The robot 1 comprises a tool
flange 7 for attaching a tool 8. A first calibration object
10 in the form of a male calibration object including a
sphere 10 s fixedly attached to the tool 8, and accordingly
fixedly attached to the robot, during the calibration. The
sphere 10 is attached to the robot tool 8 using a shaft or
other structure. In an alternative embodiment, the first
calibration object 10 can be attached to the tool flange
7.The tool centre point (TCP) of the sphere 10 must be
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known in the robot coordinate system. The TCP of the
sphere can, for example, be identified by a one time
measurement for fixed installations, or every time the cal-
ibration is to be carried out using built in methods in the
robot controller for flexible installations.

[0026] Inthis embodiment, aforce sensor 12 for meas-
uring forces in three orthogonal directions is provided
between the tool flange 7 and the tool 8, and accordingly
between the calibration object 10 and the robot 1. The
robot is programmed to be moved by means of force
control. This means that the movement of the robot de-
pends on the measuring signal from the force sensor 12.
[0027] The system further comprises three second cal-
ibration objects 14, 15, 16 positioned in the working range
oftherobot, in this case positioned on the fixture 3 holding
the work piece 2. Each of the second calibration objects
14-16 is afemale calibration object comprising three non-
parallel inclining surfaces arranged to receive the sphere
10 so that the sphere is in contact with all three surfaces
at the same time when the sphere is in a unique and
defined position relative the second calibration object. In
the following, the position at which the sphere is in contact
with all three surfaces at the same time is denoted a
reference position.

[0028] The female calibration object 14 is shown in
more detail in figure 2a-2c. The female calibration object
comprises three non- parallel inclining surfaces 20, 21,
22. The inclinations of the surfaces are preferably in the
interval of 30-60° in relation to the longitudinal axes of
the tube. For example, the shape of the upper end of the
second calibration object has a form of a truncated inner
corner of a cube. One upper end of the female calibration
objectis formed as a tube having an opening for receiving
the sphere and the other lower end is designed for posi-
tioning the calibration object on the fixture 3. The tube is
tapering in a direction away from the opening. The upper
end of the calibration object has a mainly triangular cross
section. The tube has three inner surfaces 20,21,22 in-
clining towards each other along the longitudinal axis of
the tube. Only at one position along the longitudinal axis
of the tube, the cross-section is such that the distances
between the surfaces correspond to the cross section of
the sphere 10. Accordingly, the sphere fits exactly in the
tube at one single position, in which the sphere is in con-
tact with all three surfaces 20-22. The reference position
is defined to be the centre point 25 of the sphere when
the sphere is contact with all three surfaces. Figure 2c
shows the sphere and the surfaces when the sphere is
located in the reference position.

[0029] The three second calibration objects 14, 15, 16
are preferably located in the local coordinate system so
as to form corners of a triangle and preferably represent
a single solution to the coordinate transformation. The
robot controller 5 is configured to receive and store the
positions of the robot when the sphere 10 is in mechanical
contact with all three surfaces 20, 21, 22 of the second
calibration objects 14, 15, 16 and comprises software for
calculating the relation between the local coordinate sys-
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tem and the robot coordinate system based on the robot
positions when the sphere is in contact with the surfaces
of the calibration objects.

[0030] Forexample, the second calibration objects 14,
15, 16 can be included in the fixture as a part of the in-
stallation. The position of the sphere needs to be identi-
fied when manufacturing the fixture; a one time meas-
urement. The reference positions of the second calibra-
tion objects are measured in the local coordinate system
and saved. The reference position is defined as the cen-
tre point of the sphere when the sphere is located in the
second calibration object. The reference position for a
second calibration objects are determined beforehand
and in relation to the local coordinate system.

[0031] The method must be automatic and accurate in
finding the exact location of the sphere in the second
calibration object. For a standard robot positioning this
will be very difficult. In order to achieve an automatic lo-
cation of the sphere, a soft and compliant control of the
robot is needed. In order to achieve such a soft and com-
pliant control of the robot it is possible to use force control
including a force/torque sensor, as shown in figure 1. If
force control is not included in the robot installation, it is
possible to use a compliant server in order to move the
robot into mechanical contact with the calibration object,
but still be compliant to find the exact accurate position
of the sphere. Once the sphere is in correct position in
the calibration object, the position data can be read within
the robot controller 5 and used together with the refer-
ence values for calculations of the relation between the
robot coordinate system and the local coordinate system.
[0032] Figure 3 illustrates the robot moving the sphere
10 between the female calibration objects 14-16 during
calibration. When the sphere is in the reference position
of the female calibration object, the position of the robot
is read and stored. The reference positions Pos 1, Pos
2 and Pos 3 of the female calibration objects are deter-
mined in the local coordinate system based on initial
measurements of the fixture. The coordinates for the
sphere 10 in the robot coordinate system can easily be
identified automatically or semi-automatically by using
one of the second calibration objects on the fixture. The
robot is moved, for example with soft servo, into different
orientations in order to find the accurate position. The
TCP is calculated with built-in mathematics in the robot
software. When the TCP of the sphere is known, itis easy
to determine reference positions Pos 1, 2 and 3 on the
fixture in the robot coordinate system based on the meas-
ured robot positions. The positions of the reference point
in the robot coordinate system can be used together with
the pre-determined positions of the reference positions
determined in the local coordinate system in order to
identify the relation between the robot coordinate system
and the local coordinate system.

[0033] Figure 4 shows an alternative embodiment of
the present invention. In this embodiment three second
calibration objects 30, 31, 32 are provided close to the
working object in the robot working range. Each calibra-
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tion object comprises a groove having two non-parallel
inclining surfaces 33,34. In this case the single location
position information is decreased to a line position infor-
mation and needs to be combined in different ways to
generate useful data. One possible solution is to deter-
mine a line based on the two surfaces of each groove.
At least two reference positions on each groove are
measured and a line between the positions is calculated.
The lines between the surfaces can be used for identifi-
cation of significant parts of the work piece and can easily
be used for identifying the correct coordinate system of
the work piece. The line based on the two surfaces is
determined by two position measurements with a sphere
10. The relation between the local coordinate system and
the robot coordinate determined based on the deter-
mined lines.

[0034] Figure 5 shows a flow chart illustration of a
method according to an embodiment of the present in-
vention. It will be understood that each block of the flow
chart can be implemented by computer program instruc-
tions.

[0035] Inthe following example, the first calibration ob-
ject carried by the robot is a sphere and the three second
calibration objects located in the working range of the
robot is of the type shown in figure 2a-c including three
non-parallel, inclining surfaces. At first, the location of
the sphere in relation to the robot has to be determined.
This means that the tool centre point (TCP) of the sphere
is determined in relation to a tool coordinate system. The
tool coordinate system is known in relation to the base
coordinate system ofthe robot. When the tool centre point
of the sphere has been determined, the TCP of the
sphere is known in the base coordinate system of the
robot, block 40. The tool centre point is determined by
any known method, for example, the method previously
described with reference to figure 3. The reference po-
sitions of all three calibration objects have to be deter-
mined in the local coordinate system before the calibra-
tion begins, block 42. The positions are, for example,
identified in the local coordinate system using a high ac-
curacy measuring device, such as a laser tracker, touch
probe or a CMM. The measuring device will identify the
centre of a sphere, with exactly the same diameter as
the sphere 10 received by the female calibration object,
in the local coordinate system. The location of the sphere
relative to the robot and the reference positions is pref-
erably determined beforehand, i.e. before the actual cal-
ibration begins. The relation between the sphere and the
robot and the measured reference positions are stored
in the robot controller.

[0036] When the actual calibration begins, the robot is
moved to a position close to one of the female calibration
objects, block 44. Thereafter, the robot is moved so that
the sphere is in contact with all calibration surfaces of
the female calibration object, block 46. This can, for ex-
ample, be done by first moving the robot is so that the
sphere is into contact with one of the surfaces, and there
after moving the robot along the surface without loosing
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contact with the first surface until the sphere comes into
contact with the next surface. Thereafter the robot is
moved along the two surfaces without loosing contact
with the surfaces until the sphere comes into contact with
the third surface. When the sphere is in contact with all
three surfaces of the female calibration object, the robot
movement is stopped and the current robot position is
stored in the robot controller, block 50. The robot position
is the positions of the axes of the robot. The method steps
described in block 46, 48 and 50 is repeated for the other
two female calibration objects. When the sphere is in
contact with all three surfaces of the calibration object,
the sphere is in the reference position, and the position
of the robot is read and stored. When the robot position
for all three reference positions have been read and
stored, the robot controller calculates the relation be-
tween the robot coordinate system and the local coordi-
nate system, block 56. At first, the reference positions
are determined in the robot coordinate system based the
measured robot positions and the position of the sphere
in relation to the robot. Thereafter, the relation between
the coordinate systems is calculated based on the refer-
ence positions determined in the robot coordinate system
and the reference positions determined in the local co-
ordinate system by means of ordinary coordinate trans-
formations.

[0037] In this example, the robot coordinate system is
the base coordinate system of the robot and the local
coordinate system is the work piece coordinate system.
The relation between the robot coordinate system and
the local coordinate system can be used for programming
the robot for performing work on the work piece.

[0038] The present invention is not limited to the em-
bodiments disclosed but may be varied and modified
within the scope of the following claims. For example,
the second calibration object can be included in the work
pieces. This will provide a possibility to identify each and
every one of the work pieces and thereby reducing the
need of high precision fixtures. In an alternative embod-
iment, it is possible to have more than three second cal-
ibration objects located in the working range of the robot.
In an alternative embodiment, a female calibration object
including at least two inclined surfaces is attached in a
fixed relation to the robot, and a plurality of male calibra-
tion objects shaped as spheres is positioned in the work-
ing range of the robot. The calculation of the relation can
be made in an external computer.

Claims

1. A method for determining the relation between a lo-
cal coordinate system located in the working range
of an industrial robot (1) and a robot coordinate sys-
tem, wherein the method comprises:

attaching a first calibration object (10) in a fixed
relation to the robot,
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determining the position of the first calibration
object in relation to the robot, characterised in
locating at least three second calibration objects
(14,15,16;30,31,32) in the working range of the
robot, wherein at least one of the calibration ob-
jects is a male calibration object having a pro-
truding part shaped as a sphere, and at least
one of the calibration objects is a female cali-
bration object comprising at least two nonparal-
lel, inclining surfaces (20,21,22;33,34) arranged
to receive the sphere so that the sphere is in
contact with the surfaces in at least one refer-
ence position, wherein the inclination of the sur-
faces is in the interval of 20-80°,

determining at least one reference position for
each of the second calibration objects in the lo-
cal coordinate system,

A) moving the robot in a compliant way until
the sphere is in mechanical contact with
said surfaces of the female calibration ob-
ject,

B) reading the position of the robot when
the sphere is in mechanical contact with
said surfaces,

repeating the steps A-B for the other second cal-
ibration objects, and

calculating the relation between the local coor-
dinate system and the robot coordinate system
based on the position of the first calibration ob-
ject in relation to the robot, the reference posi-
tions of the second calibration objects inthe local
coordinate system, and the positions of the robot
when the sphere is in mechanical contact with
the surfaces of the second calibration objects.

The method according to claim 1, wherein at least
one of the calibration objects (14, 15, 16) comprises
three nonparallel, inclining surfaces arranged to re-
ceive the sphere (10) so that the sphere is in contact
with all three surfaces at the reference position.

The method according to claim 1, wherein the sphere
(10) is attached to the robot (1), the other calibration
objects (30,31,32) are shaped as grooves with two
inclining surfaces (33,34), and at least three grooves
are located in the robot work area such that their
longitudinal directions are non parallel, and the meth-
od comprises moving the robot in a compliant way
until the sphere has been in mechanical contact with
both surfaces on all three grooves and the positions
of the robot has been stored for all three grooves,
and calculating the relation between the local coor-
dinate system and the robot coordinate system
based on the positions of the robot when the sphere
is in mechanical contact with the surfaces of said
grooves.
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The method according to any of the previous claims,
wherein the robot is automatically moved by means
of force control.

The method according to any of the claims 1-4,
wherein the robot is automatically moved by means
of a soft servo.

A system for determining the relation between alocal
coordinate system located in the working range of
anindustrial robot (1) and a robot coordinate system,
wherein the system comprises:

a first calibration object (10) to be attached in a
fixed relation to the robot, the system charac-
terised by comprising

three second calibration objects. (14, 15, 16; 31,
31, 32) to be positioned in the working range of
the robot, wherein at least one of the calibration
objects is a male calibration object having a pro-
truding part shaped as a sphere, and at least
one of the calibration objects is a female cali-
bration object comprising at least two nonparal-
lel, inclining surfaces (20,21,22;33,34) arranged
to receive the sphere so that the sphere is in
contact with the surfaces at a reference position,
wherein the inclination of the surfaces is in the
interval of 20-80°, and

means (12) for automatically moving the robot
in a compliant way until the sphere is in mechan-
ical contact with the said surfaces of the female
calibration object, and

a computing unit (5) configured to receive and
store the position of the robot when the sphere
is in mechanical contact with said surfaces, and
to calculate the relation between the local coor-
dinate system and the robot coordinate system
based on a known relation between the first cal-
ibration object and the robot, the reference po-
sitions in the local coordinate system, and the
position of the robot when the sphere is in me-
chanical contact with said surfaces.

The system according to claim 6, wherein at least
one of the calibration objects (14, 15, 16) comprises
three nonparallel, inclining surfaces (20,21,22) ar-
ranged to receive the sphere so that the sphere is in
contact with all three surfaces at the reference posi-
tion.

The system according to claim 6 or 7, wherein the
calibration object is shaped as a truncated inner cor-
ner of a cube.

The system according to claim 6, wherein the sphere
is attached to the robot, the other calibration object
is shaped as a groove with two inclining surfaces,
and at least three grooves are located in the robot
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10.

11.

12.

13.

work area such that their longitudinal directions are
non parallel.

The system according to any of the claims 6-9,
wherein said means for automatically moving the ro-
bot comprises a force sensor (12) adapted to meas-
ure forces in at least two directions, which force sen-
sor is located between the first calibration object (10)
and the robot (1), and a control unit (5) configured
to move the robot in dependence of force measure-
ments from the force sensor.

The system according to any of the claims 6-10,
wherein said means for automatically moving the ro-
bot comprises a soft servo.

The system according to any of the claims 6-11,
wherein the second calibration objects (14,15,16;
30,31,32) are located on a work piece (2) to be proc-
essed by the robot or on afixture (3) holding the work
piece.

Use of the method according to claims 1-5 and the
system according to claims 6-13 for determining the
relation between a coordinate system of a fixture for
holding a work piece to be processed by the robot
and the robot coordinate system.

Patentanspriiche

1.

Ein Verfahren zur Bestimmung des Zusammen-
hangs zwischen einem lokalen Koordinatensystem,
welches sich im Arbeitsbereich eines industriellen
Roboters (1) befindet, und einem Roboterkoordina-
tensystem, wobei das Verfahren Folgendes um-
fasst:

Anbringen eines ersten Kalibrierobjektes (10) in
einer festen Verbindung zum Roboter,
Positionsbestimmung des ersten Kalibrierob-
jektes relativ zum Roboter,

Ortsbestimmung von zumindest drei zweiten
Kalibrierobjekten (14, 15, 16; 30, 31, 32) im Ar-
beitsbereich des Roboters, wobei zumindest ei-
nes der Kalibrierobjekte ein mannliches Kali-
brierobjekt ist, welches ein abstehendes Teil in
Form einer Sphare aufweist, und zumindest ei-
nes der Kalibrierobjekte ein weibliches Kalibrier-
objekt ist, welches zumindest zwei nicht paral-
lele, geneigte Oberflachen (20, 21, 22; 33, 34)
aufweist, welches derartig angebracht sind,
dass die Sphare aufgenommen wird, sodass die
Sphare in Kontakt mit der Oberflache in zumin-
dest einer Referenzposition steht, wobei der
Neigungswinkel der Oberflachen in einem Inter-
vall von 20 bis 80° ausgebildet ist,

Festlegung von zumindest einer Referenzposi-
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tion firjeden der zweiten Kalibrierobjekte in dem
lokalen Koordinatensystem,

A) Bewegen des Roboters in einer entspre-
chenden Weise das die Sphare in mecha-
nischem Kontakt mit besagter Oberflache
des weiblichen Kalibrierobjektes steht,

B) Auslesen der Position des Roboters,
wenn die Sphére in mechanischem
Kontakt mit besagter Oberflache steht,

Wiederholen der Schritte A bis B flir die weiteren
zweiten Kalibrierobjekte, und Berechnung des
Zusammenhangs zwischen dem lokalen Koor-
dinatensystem und dem Roboterkoordinatensy-
stem basierend auf der Position des ersten Ka-
librierobjektes relativ zum Roboter, den Refe-
renzpositionen der zweiten Kalibrierobjekte im
Lokalkoordinatensystem und der Position des
Roboters wenn die Sphéare in mechanischem
Kontakt mit der Oberflache der zweiten Kali-
brierobjekte steht.

Verfahren nach Anspruch 1, wobei zumindest eines
der Kalibrierobjekte (14, 15, 16) drei nicht parallele,
geneigte Oberflachen umfasst, welche derart ange-
bracht sind die Sphare auszunehmen, sodass die
Sphare in Kontakt mit allen drei Oberflachen an der
Referenzposition steht.

Verfahren nach Anspruch 1, wobei die Sphare (10)
an dem Roboter angebracht ist, die anderen Kali-
brierobjekte (30, 31, 32) als Rillen mitzwei geneigten
Oberflachen (33, 34) ausgebildet sind und zumin-
dest drei Rillen sich im Arbeitsbereich des Roboters
derartig befinden, dass deren longitudinale Ausrich-
tung nicht parallel sind, und das Verfahren das Be-
wegen des Roboters in einer entsprechenden Weise
bis die Sphéare in mechanischem Kontakt mit beiden
Oberflachen aller drei Rillen steht und die Positionen
des Roboters fiir alle drei Rillen gespeichert sind,
und das Berechnen des Zusammenhanges zwi-
schen dem lokalen Koordinatensystem und dem Ro-
boterkoordinatensystem basierend auf der Position
des Roboters, wenn die Sphére in mechanischem
Kontakt mit den Oberflachen besagter Rillen steht,
umfasst.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei der Roboter automatisch durch den Ein-
satz einer Steuerkraft bewegt wird.

Verfahren nach einem der vorhergehenden Anspri-
che 1 bis 4, wobei der Roboter durch eine weiche
Servoeinrichtung bewegt wird.

Ein System zur Bestimmung des Zusammenhanges
zwischen einem lokalen Koordinatensystem im Ar-

10

15

20

25

30

35

40

45

50

55

beitsbereich eines industriellen Roboters (1) und ei-
nes Roboterkoordinatensystems, wobei das System
umfasst:

ein erstes Kalibrierobjekt (10) zum Anbringen in
einer festen Verbindung mit dem Roboter,

drei zweite Kalibrierobjekte (14, 15,16; 30, 31,
32) zum Positionieren in dem Arbeitsbereich
des Roboters, wobei zumindest eines der Kali-
brierobjekte ein mannliches Kalibrierobjekt ist,
welches einen abstehenden als Sphare ausge-
bildeten Teil aufweist, und zumindest eines der
Kalibrierobjekte ein weibliches Kalibrierobjekt
ist, welches zumindest zwei nicht parallele, ge-
neigte Oberflache (20, 21, 22; 33, 34) aufweist,
welche zum Aufnehmen der Sphéare angebracht
sind, sodass die Sphare in Kontakt mit der Ober-
flaiche an einer Referenzposition steht, wobei
die Neigung der Oberflache in einem Intervall
von 20 bis 80° liegt und

Mittel (12) zum automatischen Bewegen des
Roboters in einer entsprechenden Weise, bis
die Sphéare in mechanischem Kontakt mit be-
sagter Oberflache des weiblichen Kalibrierob-
jektes steht, und

eine Rechnereinheit (5), welche zum Empfan-
gen und Speichern der Positionen des Robo-
ters, wenndie Sphare in mechanischem Kontakt
mit besagter Oberflache steht, und zum Berech-
nen des Zusammenhangs zwischen dem loka-
len Koordinatensystem und dem Roboterkoor-
dinatensystem, basierend auf einer bekannten
Beziehung zwischen dem ersten Kalibrierobjekt
und dem Roboter, den Referenzpositionen im
lokalen Koordinatensystem und der Position
des Roboters, wenn die Sphare in mechani-
schem Kontakt mit besagter Oberflache steht,
konfiguriert ist.

Das System nach Anspruch 6, wobei zumindest eine
der Kalibrierobjekte (14,15, 16) drei nicht parallele,
geneigte Oberflachen (20, 21, 22) umfasst, welche
zum Aufnehmen der Sphédre so angebracht sind,
dassdie Sphare in Kontakt mitallen drei Oberflachen
an der Referenzposition steht.

Das System nach Anspruch 6 oder 7, wobei das Ka-
librierobjekt in Form einer abgeschnittenen inneren
Ecke eines Wiirfels ausgebildet ist.

Das System nach Anspruch 6, wobei die Sphére an
dem Roboter angebracht ist, das andere Kalibrier-
objekt als Rille mit zwei geneigten Oberflachen aus-
gebildet ist und zumindest drei Rillen so im Arbeits-
bereich des Roboters angebracht sind, dass deren
longitudinale Ausrichtungen nicht parallel sind.

10. Das System, nach einem der Anspriiche 6 bis 9, wo-
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bei besagte Mittel zum automatischen Bewegen des
Roboters einen Kraftsensor (12) umfassen, die der-
art ausgebildet sind, die Krafte in zumindest zwei
Richtungen zu messen, wobei der Kraftsensor zwi-
schen dem ersten Kalibrierobjekt (10) und dem Ro-
boter (1) vorgesehen ist, und eine Kontrolleinheit (5),
welche zum Bewegen des Roboters in Abhéngigkeit
der Kraftmessungen des Kraftsensors konfiguriert
ist.

Das System nach einem der Anspriiche 6 bis 10,
wobei besagte Mittel zum automatischen Bewegen
des Roboters eine weiche Servoeinrichtung umfas-
sen.

Das System nach einem der Anspriiche 6 bis 11,
wobei das zweite Kalibrierobjekt (14,15,16; 30, 31,
32) an einem Werkstiick (2), welches von dem Ro-
boter bearbeitet wird, oder an einer Befestigung (3),
welche das Werkstlick halt, vorgesehen ist.

Benutzung des Verfahrens nach einem der Anspru-
che 1 bis 5 und des Systems nach einem der An-
spriiche 6 bis 13 zur Bestimmung des Zusammen-
hanges zwischen einem Koordinatensystem fir eine
Befestigung zum Halten eines Werkstlickes, wel-
ches von einem Roboter bearbeitet wird, und dem
Roboterkoordinatensystem.

Revendications

Procédé permettant de déterminer la relation entre
un systéme de coordonnées local situé dans la plage
de fonctionnement d’'un robot industriel (1) et un sys-
téme de coordonnées du robot, dans lequel le pro-
cédé comprend les étapes consistant a :

attacher un premier objet d’étalonnage (10)
dans une relation fixe au robot,

déterminer la position du premier objet d’étalon-
nage en relation avec le robot, caractérisé en
les étapes consistant a

localiser au moins trois seconds objets d’étalon-
nage (14, 15, 16 ; 30, 31, 32) dans la plage de
travail du robot, dans lequel au moins un des
objets d’étalonnage est un objet d’étalonnage
male ayant une partie protubérante de forme
sphérique, et au moins un des objets d’étalon-
nage est un objet d’étalonnage femelle compre-
nant aux moins deux surfaces inclinées non pa-
ralléles (20, 21, 22 ; 33, 34) agencées pour re-
cevoir la sphére de fagon a ce que la sphére soit
en contact avec les surfaces dans au moins une
position de référence, ou l'inclinaison des sur-
faces est dans l'intervalle de 20 a 80°,
déterminer au moins une position de référence
pour chacun des seconds objets d’étalonnage
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dans le systeme de coordonnées local,

A) déplacer le robot de maniére conforme
jusgu’a ce que la sphére soit en contact mé-
canique avec lesdites surfaces de I'objet
d’'étalonnage femelle,

B) lire la position du robot lorsque la sphére
esten contact mécanique avec lesdites sur-
faces,

répéter les étapes A) et B) pour les autres se-
conds objets d’étalonnage, et

calculer la relation entre le systéeme de coordon-
nées local et le systeme de coordonnées du ro-
bot en se fondant sur la position du premier objet
d’étalonnage en relation avec le robot, les posi-
tions de référence des seconds objets d’étalon-
nage dans le systéeme de coordonnées local, et
les positions du robot lorsque la sphére est en
contact mécanique avec les surfaces des se-
conds objets d’étalonnage.

Procédé selon la revendication 1, dans lequel au
moins un des objets d’étalonnage (14, 15, 16) com-
prend trois surfaces inclinées non paralléles agen-
cées pour recevoir la sphére (10) afin que la sphére
soit en contact mécanique avec les trois surfaces a
la position de référence.

Procédé selon la revendication 1, dans lequel la
sphére (10) est attachée au robot (1), les autres ob-
jets d’étalonnage (30, 31, 32) ontlaforme de rainures
avec deux surfaces inclinées (33, 34) et au moins
trois rainures sont situées dans la zone de travail du
robot de telle sorte que leurs directions longitudina-
les sontnon paralléles, etle procédé comprend I'éta-
pe consistant a déplacer le robot de maniére confor-
me jusqu’a ce que la sphére ait été en contact mé-
canique avec les deux surfaces sur chacune des
trois rainures et que les positions du robot aient été
stockées pour chacune des trois rainures, et calculer
la relation entre le systéme de coordonnées local et
le systeme de coordonnées du robot en se basant
sur les positions du robot lorsque la sphére est en
contact mécanique avec les surfaces desdites rai-
nures.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel le robot est déplacé auto-
matiqguement au moyen d’'une commande de force.

Procédé selon 'une quelconque des revendications
1 a4, dans lequel le robot est automatiquement dé-
placé au moyen d’'un asservissement souple.

Systéme de détermination de la relation entre un
systéme de coordonnées local situé dans la plage
de travail d’un robot industriel (1) et un systéme de
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coordonnées du robot, dans lequel le systéme
comprend :

un premier objet d’étalonnage (10) a attacher
dans une relation fixe au robot, le systéme étant
caractérisé en ce qu’il comprend

trois seconds objets d’étalonnage (14, 15, 16 ;
30, 31, 32) devant étre positionnés dans la plage
de travail du robot, dans desquels au moins I'un
des objets d’étalonnage est une objet d’étalon-
nage male

ayant une partie protubérante de forme sphéri-
que, et au moins I'un des objets d’étalonnage
est un objet d’étalonnage femelle comprenant
au moins deux surfaces inclinées non paralléles
(20, 21, 22 ; 33, 34) agencées pour recevoir la
sphere de telle sorte que la sphére soit en con-
tact avec les surfaces dans une position de ré-
férence, ou l'inclination des surfaces est dans
lintervalle de 20° a 80°, et

un moyen (12) permettant de déplacer automa-
tiquement le robot de fagon conforme jusqu’a
ce que la spheére soiten contact mécanique avec
lesdites surfaces de I'objet d’étalonnage semel-
le, et

une unité de calcul (5) configurée pour recevoir
et stocker la position du robot lorsque la sphere
est en contact mécanique avec lesdites surfa-
ces, et pour calculer la relation entre le systéme
de coordonnées local et le systéme de coordon-
nées du robot en se basant sur une relation con-
nue entre le premier objet d’étalonnage et le ro-
bot, les positions de référence dans le systeme
de coordonnées local, et la position du robot
lorsque la sphére est en contact mécanique
avec lesdites surfaces.

Systéme selon la revendication 6, dans lequel au
moins I'un des objets d’étalonnage (14, 15, 16) com-
prend trois surfaces inclinées non paralléles (20, 21,
22) agencées pour recevoir la sphéere de telle sorte
que la sphére soit en contact avec les trois surfaces
en position de référence.

Systéme selon la revendication 6 ou 7, dans lequel
I'objet d’étalonnage a une forme de coin interne tron-
qué d’'un cube.

Systéme selon la revendication 6, dans lequel la
sphéere est attachée au robot, I'autre objet d’étalon-
nage a la forme d’une rainure avec deux surfaces
inclinées, et au moins trois rainures sont situées
dans la plage de travail du robot de telle sorte que
leurs directions longitudinales sont non paralléles.

Systéme selon 'une quelconque des revendications
6 a 9, dans lequel ledit moyen pour déplacer auto-
matiquement le robot comprend un capteur de force
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10

11.

12.

13.

(12) adapté a la mesure de forces dans au moins
deux directions, lequel capteur de force est situé en-
tre le premier objet d’étalonnage (10) et le robot (1),
et une unité de commande (5) étant configurée pour
déplacer le robot en fonction de mesures de force
du capteur de force.

Systéme selon I'un quelconque des revendications
6 a 10, dans lequel ledit moyen pour déplacer auto-
matiquement le robot comprend un asservissement
souple.

Systéme selon I'une quelconque des revendications
6 a 11, dans lequel les seconds objets d’étalonnage
(14,15, 16 ; 30, 31, 32) sont situés sur une piece de
fabrication (2) a traiter par le robot ou sur un dispositif
de serrage (3) maintenant la piéce de fabrication.

Utilisation du procédé selon les revendications 1 a
5 et de systéme selon les revendications 6 a 13, pour
déterminer la relation entre un systéme de coordon-
nées d’'un dispositif de serrage pour maintenir une
piéce de travail devant étre traitée par le robot et le
systéme de coordonnées du robot.



EP 2 268 459 B9

Fig. 2a Fig. 2b Fig. 2c

11



EP 2 268 459 B9

EZ’W

Pos1: [x1; y1; z1]

15
}
- :ﬁ
S j
10—F 16
14
Pos3: [x3; y3; z3] Pos2: [x2; y2; z2]
- i
- Fig. 3
m/m
|
%,30
" 32 \

N ~

Fig. 4

12



EP 2 268 459 B9

( Start )

Y

Determine the location of —
the sphere relative the robot

L—40

\ 4

Dete;mine the reference -
positions

—42

Y

Move the robot to one »
calibration object

L—44

:
.

\

Move the robot in to contact
with the surfaces of the ]
calibration object

L—46

f

Read and store the robot

—50

position

position of three
calibration object
stored?

Yes

Calculate the relation bet-
ween the robot coordinate —
system and the local

Move the robot to
the next calibration
object

N

k54

L—56

coordinate system

X
( Stop )

Fig. 5

13



EP 2 268 459 B9
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

WO 2004108364 A [0003]

14



	bibliography
	description
	claims
	drawings

