
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date
17 December 2009 (17.12.2009) WO 2009/149740 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
B2SJ 9/16 (2006.01) kind of national protection available): AE, AG, AL, AM,

„ τ . . .. . τ ,. AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,

PCT/EP2008/057139 E ( E E E ( E p L B D Q H M N

(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
9 June 2008 (09.06.2008) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
(25) Filing Language: English N Z O M P G P H P L p τ R O R S R U s c S D S E S G

(26) Publication Language: English SK, SL, SM, SV, SY, TJ, TM, TN, TR, TT, TZ, UA, UG,
US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant (for all designated States except US): ABB
TECHNOLOGY AB [SE/SE]; S-721 83 Vasteras (SE). 8 4 Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(75) Inventors/Applicants (for US only): SVENSSON, Tom- ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

my Y [SE/US]; 7777 East 24th Avenue, Denver, Col- TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
orado 80238 (US). GUSTAFSSON, Magnus K [SE/SE]; ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Angslyckevagen 3, S-432 74 Traslδvslage (SE). HAAGE, MC, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI
Mathias [SE/SE]; Valdemars vag 126, S-224 74 Lund (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
(SE). NE, SN, TD, TG).

(74) Agent: BJERKENS PATENTBYRA KB; Ann-Man Published:
Reyier, Box 128, S-721 05 Vasteras (SE). . . . . , , . , ,„,' v — with international search report (Art. 21(3))

(54) Title: A METHOD AND A SYSTEM FOR FACILITATING CALIBRATION OF AN OFF-LINE PROGRAMMED
ROBOT CELL

Fig. 1

(57) Abstract: The present invention relates to a method and a system for facilitating calibration of a robot cell including one or
more objects (8) and an industrial robot (1,2,3) performing work in connection to the objects, wherein the robot cell is pro
grammed by means of an off-line programming tool including a graphical component for generating 2D or 3D graphics based on
graphical models of the objects. The system comprises a computer unit (10) located at the off-line programming site and config
ured to store a sequence of calibration points for each of the objects, and to generate a sequence of images (4) including graphical
representations of the objects to be calibrated and the calibration points in relation to the objects, and to transfer the images to the
robot, and that the robot is configured to display said sequence of images to a robot operator during calibration of the robot cell so
that for each calibration point a view including the present calibration point and the object to be calibrated is displayed to the
robot operator.



A METHOD AND A SYSTEM FOR FACILITATING CALIBRA¬
TION OF AN OFF-LINE PROGRAMMED ROBOT CELL

FIELD OF THE INVENTION

The present invention relates to a method and a system for f a

cilitating calibration of a robot cell including one or more objects
and an industrial robot performing work in connection to the o b

jects, wherein the robot cell is programmed by means of an off

line programming tool.

The invention relates to the area of off-line to on-line program
ming, when a user has programmed or adjusted a robot program
in a 3D or 2D off-line environment and then wishes to take that
program to the factory floor.

PRIOR ART

Industrial robots are highly flexible devices used for a wide vari
ety of operations in many different industrial applications. Indus-
trial robots are conventionally programmed via a robot pro

gramming language that is very similar to conventional computer
programming languages. A robot program includes a sequence
of program instructions where each instruction tells the robot
control unit what to do and how to do it. Robots are programmed
to follow a path including a plurality of target points. The robot
program includes the positions of the target points. The pro

gramming of robots is a time consuming process and the con

ventional methods of using the robot during the programming
and teaching process ties up the production equipment and de-
lays production start. In order to save time and speed production
start, it is highly desirable to program a robot off-line. Conven
tionally, this is done through a graphical simulation by an off-



line programming tool. The programming tool contains a graphi
cal component for generating a graphical 3D representation of
the robot and objects in the robot cell, such as work objects and
tools, based on graphical models, for example CAD models, of
the robot and the objects. The programming tool further contains
a graphical means for teaching target points and paths and re

cording the operations and movements of the robot. The graphi
cal simulation provides a much more natural and easy method
for programming and visualizing an industrial robot, without ty-
ing down the actual equipment. In addition, the graphical envi
ronment allows an independence from the robot programming
language used by the robot manufacturer. The output from the
simulation is a graphical representation of what the robot should
do during operation and the real robot program. When the simu-
lation and off-line programming is completed, the program can
be transferred to the real robot.

However, a robot program prepared by an off-line programming
system cannot directly be used for operating a robot in a real
robot cell, because the positional relationship between the robot
and the objects in the off-line environment may deviate from the
actual positional relationship between the robot and the objects
in the real robot cell. This is traditionally a very difficult problem
and has been a hindrance to the adoption of off-line program-
ming in industry.

Accordingly, after generating a robot program based on graphi
cal models of the objects, the positions of the real objects re la
tive the robot must be determined. An object can be any type of
object in the robot cell, such as a work piece, a work station, a
tool, robot base frame, or external equipment. Usually the actual
target positions in the programmed path are related to a refer
ence frame defined in relation to the object, which means that
calibrating an object will adjust the related target positions in

relation to the common coordinate system. Calibration of a robot
cell includes determining the positions of the robot and the ob-



jects in the robot cell in relation to a common coordinate system.
This is typically done by using the robot as a measuring device.
The user jogs the robot to at least three calibration points on the
object and the robot positions are recorded for the calibration
points. With the term "jogging the robot" is meant that the robot
is manually moved by the user, for example by means of a joy
stick. The recorded robot positions are then used to determine
the relation between the robot and the real objects. Since the
relations between the robot and the models of the objects are
known, it is possible to determine the relations between the
models and the real positions of the object. The real position of
the object can then be updated and therefore all the position on
the programmed path will be updated since the relation between
the position on the programmed path and the object is kept.

A person controlling a robot is denoted a robot operator. In the
following the words user and robot operator are used synony
mously. When there are many objects to be calibrated, the user
has to jog the robot to all of the objects and accordingly to many
calibration points on the objects. Further, the order in which the
robot visits the calibration points is important for the calibration
result. Typically, the user must write down on a piece of paper
all of the objects to be calibrated, and the positions of the cali
bration points. This takes time and is error prone.

After the calibration, there can still be deviations between the
models and the real objects in the cell. Before applying the ro

bot program into the production, the robot program has to be

checked and corrected, for example to avoid collisions. This
means that the off-line generated robot program has to be run
on the robot. EP1 5 10894 discloses an apparatus for correcting
off-line generated robot programs. The apparatus includes
means for stopping execution of the robot program when receiv
ing a stop command, means for displaying the next target point
which position is to be corrected on a display screen upon stop
ping the execution, means for moving the robot by jogging from



the position where the execution of the program has been
stopped, and means for reflecting the current position of the ro

bot on the next target point of which position is to be corrected,
when the position of the target point is corrected. The correction
procedure has to be repeated for each target point on the pro

grammed path, which is time consuming.

OBJECTS AND SUMMARY OF THE INVENTION

The object of the present invention is to provide a tool for the
robot operator that facilitates the calibration of the objects in a
robot cell.

According to one aspect of the invention, this object is achieved
by the method as defined in claim 1.

Such a method comprises: storing a sequence of calibration
points for each of the objects, automatically generating a se

quence of images including graphical representations of the ob-
jects to be calibrated and the calibration points in relation to the
objects, transferring the sequence of images to the robot, and
displaying said sequence of images to a robot operator during
calibration of the robot cell so that for each calibration point a
view including the present calibration point and the object to be
calibrated is displayed to the robot operator.

For each object a set of predetermined calibration points and
information on a desired order in which the calibration points
should be visited during calibration is stored in the off-line envi-
ronment. According to the invention, a plurality of images includ
ing graphical representations of the objects to be calibrated and
the calibration points in relation to the objects are generated.
The images are virtual images including graphical objects. The
sequence of the images shows the order in which the calibration
points are to be visited by the robot. Those images are t rans
ferred to the robot and are displayed to the user during the cali-



bration. The calibration points are preferably chosen such that
their positions can easily be identified from the image, for ex

ample at corners of the object, or at a protruding part, such as a
tip. The images facilitates for the robot operator to move the ro-
bot to the calibration points.

The invention provides a system and a method to help the robot
operator take an off-line programmed robot program to a robot
cell on a factory floor and calibrate the objects in the robot cell.
The invention speeds up the calibration process and reduces the
risk of mistakes in connection with the calibration, such that the
operator moves the robot to wrong calibration point.

According to an embodiment of the invention, the images are
generated by loading real images from a library of images.

According to another embodiment of the invention, the same
graphical component as used for programming the robot is used
for generating the images. The images are, for example, screen
shots (or snap shots) from the simulation of the robot cell car

ried out during the programming. This embodiment makes it
easy to produce the images.

According to an embodiment of the invention, the sequence of
calibration points is stored together with the graphical model of
the object. The off-line programming tool includes a plurality of
graphical models of object. According to this embodiment of the
invention, each of the graphical models is provided with a prede
fined sequence of calibration points. The programmer builds a
virtual robot cell by selecting one or more of the object models
and adding them to the cell. Thus, which calibration points to be
used depends on which objects the programmer selects. This
embodiment makes it easy to provide calibration points to be
used during the calibration.



According to an embodiment of the invention, the method com

prises: automatically generating at least one calibration program
including instructions for moving the robot to positions at or
close to the calibration points, based on said stored sequence of
calibration points, transferring the calibration program and the
images to the robot, and executing said calibration program so
that for each calibration point the robot is automatically moved
to a position at or close to the calibration point. A calibration
program including instructions for moving the robot to positions
at or close to the calibration points is automatically generated at
the off-line environment. The calibration program is transferred
to the robot and is used during the calibration to quickly move
the robot to, or close to the calibration points. Although the ro

bot is programmed to be moved to a calibration point, in practice
the robot will not be move exactly to the calibration point due to
the fact that the positional relationship between the robot and
the objects in the off-line environment deviates from the actual
positional relationship between the robot and the objects. There
fore, the robot operator must manually move the robot to the ex-
act calibration point on the object. The images displayed to the
user during the calibration facilitates for the operator to jog the
robot to the correct calibration position. This embodiment further
facilitates the calibration of the robot cell.

According to an embodiment of the invention, the method com

prises automatically generating a step-by-step user interface
that shows the images and guides the user trough the calibra
tion process based on said sequence of calibration points, trans
ferring the user interface to the robot, and displaying the user
interface during the calibration. According to this embodiment of
the invention, images from the off-line programming tool are
combined with a step-by-step user interface that presents the
images, for example on the Teach Pendant Unit, and guides the
user step by step trough the calibration process.



According to an embodiment of the invention, the robot com

prises a control unit and a Teach Pendant unit (TPU) having a
display device for manually controlling the robot, and said cal i
bration program is transferred to and executed by the control
unit and said images are displayed on the display device of the
Teach Pendant unit.

According to an embodiment of the invention, the method com

prises storing for each of the calibration points the position of
the robot when the robot is positioned in the calibration point,
and determining for each object in the robot cell the positional
relationship between the model of the object and the real object
based on the stored robot positions for the calibration points.

According to an embodiment of the invention, each of said im

ages shows information from the calibration program regarding
movement of the robot to the next calibration point in the se

quence, and each of said images shows user activated means
for starting and stopping execution of the calibration program.
This embodiment makes it possible for the user to determine
whether the calibration program is to be run or not for each cali
bration point.

According to an embodiment of the invention, each calibration
point is provided with an image showing the object to be cali
brated and the next calibration point, to which the robot shall be

moved according to the sequence of calibration points. In order
to provide an accurate calibration of the robot cell it is important
that the robot visits the calibration points in the defined order.
By displaying the position of the next calibration to the operator,
it is ensured that the operator moves the robot to the correct
calibration point in the correct sequence of calibration points.

According to an embodiment of the invention, a reference frame
is defined in relation to each of the objects and a path including
a plurality of target points defined in relation to the reference



frames are programmed by means of the off-line programming
tool, and the method comprises: storing for each of the calibra
tion points the position of the robot when the robot is positioned
in the calibration point, and determining for each object the po-
sitional relationship between the reference frame of the model of
the object and the reference frame of the real object based on
the stored robot positions for the calibration points. The refer
ence frame is a coordinate system that is fixed in relation to the
object. The position and orientation of the reference frame is de-
termined by the position and orientation of the object. If there is
more than one object in the coordinate system, a reference
frame is defined for each object. The reference frames are de

fined in the common world coordinate system. This embodiment
eliminates the need of correcting the programmed positions on
the path. All that is needed is to correct the position and orienta
tion of the reference frames of the objects, and the positions on
the path will thereby automatically be corrected, since they are
programmed in relation to the reference frame instead of in rela
tion to the work coordinate system.

According to another aspect of the invention this object is
achieved by the system as defined in claim 10 .

Such a system comprises a computer unit located at the off-line
programming site and configured to store a sequence of calibra
tion points for each of the objects, and to generate a sequence
of images including graphical representations of the objects to
be calibrated and the calibration points in relation to the objects,
and to transfer the images to the robot, and that the robot is
configured to display said sequence of images to a robot opera
tor during calibration of the robot cell so that for each calibration
point a view including the present calibration point and the o b

ject to be calibrated is displayed to the robot operator.

The invention provides a system to help the robot operator take
an off-line programmed robot program to a robot cell on a fac-



tory floor and calibrate the objects in the robot cell. This is ac

complished by taking images from the off-line programming tool
and to present the images for the operator during the calibra
tion. In addition this is combined with a robot program that is
used to quickly move the robot to all of the calibration points.

Further developments of the system are characterized by the
features of the additional claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explained more closely by the descrip
tion of different embodiments of the invention and with reference
to the appended figures.

Fig. 1 shows a system for calibration of a robot cell according to
an embodiment of the invention.

Fig. 2 shows an example of a computer for off-line programming
of the robot.

Fig. 3 shows an example of a control unit of an industrial robot.

Fig. 4 shows an example of a view of the robot cell displayed on
the off-line computer.

Fig. 5 a-c show examples of images displayed at a Teach Pen

dant unit during calibration.

Fig. 6 shows a flow chart of a method for calibration of a robot
cell according to an embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
OF THE INVENTION



Figure 1 shows a robot cell located at site, for example, at a fac
tory. The robot cell includes a manipulator 1, a robot control unit
2 for controlling the movements of the manipulator 1, and a
hand held Teach Pendant unit 3 including a display screen 4 .

The Teach Pendant unit is communicating with the control unit 2
and is used for teaching and programming the robot. The Teach
Pendant unit 3 is also provided with means, such as a joy stick
or jogging buttons, for manually moving, also denoted jogging,
the manipulator 1. The robot cell further includes a object 8 , in

this example a table. The manipulator 1 is programmed to per

form work in connection with the object 8 . The control unit 2 is
described in more detail with reference to figure 3 .

Figure 1 further shows a computer unit 10 , for example a per-
sonal computer (PC), located at an off-line programming site.
The robot cell is programmed at the off-line site by means of the
computer unit 10 . The computer unit 10 is provided with an off

line programming tool for simulating and programming the move
ments of the manipulator. Output from the programming tool is
robot programs including a plurality of target points. The pro

gramming tool included a graphical component for generating
3D graphics based on models of a plurality of different types of
objects. The computer unit 10 comprises a graphical displayed
screen 12 and user input means (nor shown) for entering data to
the computer unit 10 . The graphical display screen 12 is, for ex

ample a touch screen, which makes it possible for the user to
interact with the computer unit via the screen. However, in a n

other embodiment the input means could be a key board and a
pointing device. The computer unit 10 includes a plurality of
software modules and hardware for executing the software mod

ules. The computer unit 10 will be described in more detail with
reference to figure 2 .

The computer unit 10 and the robot control unit 2 are communi-
eating with each other via a communication link 14 . When the
robot program has been generated it is transferred to the control



unit 2 , for example, via the communication link 14. However, be

fore executing the robot program the real robot cell has to be
calibrated and the target points of the robot program has to be
corrected based on the calibration. The computer unit 10 and
the control unit 2 are provided with software modules configured
to facilitate the calibration of the work cell, as shown in figure 2
and 3 .

The programmer programs the desired path and robot move-
ments using the 3D models of the objects. Many of the paths
and target points are associated with objects in the 3D world.
Process application movement targets are always associated
with 3D objects. Usually the actual positions in the programmed
path are related to a reference frame defined in relation to the
object. The reference frame is a coordinate system that is fixed
in relation to the object. The position and orientation of the ref

erence frame is determined by the position and orientation of
the object. If there is more than one object in the coordinate
system, a reference frame is defined for each object. The refer-
ence frames are defined in the common world coordinate sys

tem. Thus, the programmer can move the 3D object and the ta r

get points are moved in relation. When the user is done with the
3D modelling, lay-out and has generated a robot program, the
time comes to put this on to the real robot.

Figure 2 shows a block diagram illustrating an example of a
computer unit 10 provided with software modules for facilitating
the calibration. The computer unit 10 comprises a memory loca

tion 20 for storing graphical models of the objects and prede-
fined calibration points. The memory location 20 may include a
library having a set of predefined object types For instance, the
predefined object types can be different types of machines, de

vices for holding an object, work pieces or tools. Each work sta

tion type also includes a 3D geometric model of the work station
type, or information about how to generate the geometric model
of the work station. In this embodiment of the invention, each



work station type also includes a sequence of calibration points
to be used during calibration of the work station. The number of
calibration points for each object must be at least three. How

ever, the number of calibration points can be more than three,
for example, typically in the range of 3-1 0 . Preferably, the cali
bration points are selected to correspond to a well defined struc
ture of the object, such as a corner, a tip, or a protruding part,
thereby facilitating for the robot operator to find the position of
the calibration point.

The computer unit further comprises a graphical component 22
for generating 3D graphics based on the graphical models of the
objects. During programming, the programmer selects one or
more work stations from the library of work stations and a
graphical representation of the robot cell is built up. Figure 4
shows an example of a view built up in the off-line programming
tool. The view includes graphical representation of the robot 50
and a graphical representation of selected objects 52. This
graphical view of the robot cell is used for programming the ro-
bot. For example, the programmer may input target points on a
desired robot path. A robot program is automatically generated
based on the inputs of the programmer and the geometric mod

els of the object in the robot cell.

The computer unit further comprises a robot program generator
24 for generating robot programs for the robot based on the
models of the objects and user input on target points. The com
puter unit comprises a calibration program generator 26 co-
figured to generate one or more calibration programs including
instructions for moving the robot to positions at or close to the
calibration points based on the sequences of calibration points
stored in the memory location 20 and which objects the pro

grammer has selected. Due to the risk for collision, it is to prefer
that the robot is moved to a position at a distance from the cali-
bration point and the robot operator manually jog the robot to
the correct position of the calibration point.



The computer unit also comprises an image generator 28 and a
user interface generator 30. The image generator 28 is conf ig
ured to generate a sequence of images including graphical rep-
resentations of the objects selected by the programmer to be
included in he work cell, and accordingly to be calibrated, and
the positions of the calibration points in relation to the objects.
The sequence of the images represents the sequence in which
the calibration points should be visited by the robot during the
calibration. In order to reduce the risk for the robot operator to
visit the calibration points in an erroneous order, it is to prefer
that one image is generated for each calibration point. Accord
ingly, the same number of images is produced as the number of
calibration points. The images are generated by means of the
graphical components 22 based on the graphical models of the
object including the sequences of calibration points stored in

memory location 20. Actually, the images are snap-shots from
the graphical component 22. The user interface generator 30 is
configured to generate a step-by-step user interface that shows
the images and guides the user through the calibration process.

The user interface generator 30 produces the user interface by
incorporating the sequence of images generated by the imaging
generator 28 in a user interface template of a wizard type. In an
alternative embodiment, the user interface generator 30 also i n

corporates program code from the calibration program, gener
ated by the calibration program generator 26, in the user inter
face together with the images and provides a possibility for the
robot operator to start and stop execution of the calibration pro-
gram from the user interface, and also to provide a possibility
for the robot operated to modify the calibration program.

The computer unit 10 is further provided with a communication
unit 32 for communicating with the control unit 2 via the commu-
nication link 14 . The communication unit 32 is configured to



transfer robot programs, calibration programs, and user inter
faces including images for the calibration to the control unit 2 .

Figure 3 shows a block diagram illustrating the parts of the con-
trol unit 2 which are important for the present invention. The
control unit 2 includes a communication unit 40 to enable com

munication with the computer unit 10 via the communication link
14. The control unit 2 is provided with a program executor 42 for
executing the robot programs and the calibration programs, and
a storage unit 44 for storing the calibration program and robot
programs. Accordingly, the calibration programs are run of the
control unit 2 . The user interface for the calibration is trans
ferred from the control unit 2 to the Teach Pendant unit 3 and is
displayed on the display screen 4 . In this example, the control
unit 2 is provided with a calibration module 46 configured to re

cord the robot positions when the robot is positioned in the cal i
bration points and to determine for each object in the robot cell
the positional relationship between the model of the object and
the real object based on the recorded robot positions for the
calibration points. Further the calibration module is configured
to adjust the target points of the robot program based on the de

termined relationships between the models of the objects and
the real object in the robot cell.

Figure 1 shows an example of a robot cell displayed on the off

line computer unit 10 during programming of the robot. During
calibration, the Teach Pendant unit 3 shows a 3D image of the
object and sequence of calibration points to be visited during
the calibration. An example of such an image displayed on the
Teach Pendant unit 3 is shown in figure 1. Three calibration
points are defined for the object 8 . In this example, the image
displayed on the Teach Pendant unit 3 shows all three calibra
tion points at the same time and each calibration point is pro

vided with a number 1-3 defining the order in which the robot
shall visit the calibration points.



Figure 4 shows another example of a robot cell displayed on the
off-line computer unit 10 during programming of the robot. The
figure shows a graphical representation 50 of the robot, a
graphical representation 52 of the object. In the example shown
in figure 4 , only one object is to be calibrated. However, other
robot cells may include a plurality of objects to be calibrated. In

the figure, three calibration points are shown 54,56 and 58. The
calibration points have been selected as corners of the object 52
in order to facilitate for the operator to move to the exact posi-
tion of the calibration points. Figures 5a-c shows a sequence of
images displayed on the Teach Pendant unit 3 during calibration
of the object 52.

Figure 5a shows a first view displayed during calibration of the
robot cell at the Teach Pendant unit 3 . The view displayed on

the Teach Pendant unit includes editable program code of the
calibration program, including instructions for moving the robot
to a position close to the calibration point. Thus, it is possible
for the robot operator to edit the program code from the Teach
Pendant unit 3 . The view further includes an image 60 showing
a graphical representation of the object 52, a graphical repre
sentation of the first calibration point 54 in the sequence of the
calibration points, and a graphical representation of the robot
pointing at the calibration point. The view further includes a stop
button 6 1 for stopping execution of the calibration program upon
activation of the robot operator, and start button 62 for starting
execution of the calibration program upon activation of the robot
operator. Further, the view is provided with a record point button
63, which upon activation stores the present position of the ro-
bot. This record point button is to be activated by the robot o p

erator when the robot is in the correct calibration position.

Figure 5b shows a second view in the sequence of views d is

played during calibration of the robot cell. The second view in-
eludes program code of the calibration program for moving the
robot to a position close to the second calibration point in the



sequence of calibration points, and an image 65 showing the
position of the second calibration point 56 in relation to the o b

ject 52.

Figure 5c shows a third view in the sequence of views displayed
during calibration of the robot cell. This is the last view in the
sequence. The view includes program code for moving the robot
to a position close to the third calibration point and an image 66
showing the position of the third calibration point 58 in relation
to the object 52.

The calibration system according to the invention at least pro

duces the following output: a calibration program and 3D images
of the objects and the calibration points. The calibration program
contains the robot motion instructions necessary to move the
robot to the necessary calibration positions that are needed for
calibrating the different objects in the cell. The images to be
presented at the Teach Pendant unit are pictures taken from the
3D simulation, which are automatically generated and scaled to
fit the screen of the Teach Pendant unit. These pictures show
the objects to be calibrated and what points are to be used when
jogging the robot and calibrating. According to a preferred e m

bodiment of the invention, a user interface application program
is generated. The user interface application program is a .NET
assembly that is generated based upon the data in the 3D simu
lation and which contains a step-by-step user interface that
shows the 3D images and guides the user through the calibra
tion process. The user interface application program is run on
the Teach Pendant unit. The interface application program is
essentially a "wizard" in that it makes the calibration process
easy and straight forward.

In an alternative embodiment, the off-line programming tool pro

duces the 3D images and the calibration programs, but the cali-
bration programs contain more code for running the calibration
process. Thus, the execution of the guided calibration is run



from robot language instructions and not from a Teach Pendant
application assembly.

In a further alternative embodiment, the 3D off-line programming
tool still generates the calibration programs and 3D images, but
the control unit of the robot already contains a calibration e n

gine which receives the images and the calibration program and
then the operator starts the calibration engine.

Figure 6 shows a flow chart illustration of a method according to
an embodiment of the present invention. It will be understood
that each block of the flow chart can be implemented by com

puter program instructions. However, some of the steps are exe
cuted on the off-line computer unit 10 and some of the steps are
executed on the robot control unit 2 , and some steps can be
executed on the Teach Pendant unit 3 . In this embodiment the
steps 70-78 are executed on the computer unit 10 , the step 80 is
executed on the Teach Pendant unit, the steps 82-94 are exe
cuted on the robot control unit.

A first, the sequences of calibration points corresponding to the
selected objects of the robot cell is retrieved, block 70. The
calibration points are retrieved from the memory location 20.
Thereafter, one or more calibration programs are generated
based on the retrieved sequences of the calibration points, block
72. A sequence of images including graphical views of the o b

jects and the calibration points and are automatically generated
by means of the graphical component of the off-line program
ming tool, block 74. For example, one image is generated for
each calibration point. A user interface program for the calibra
tion is automatically generated based on the generated images
and the calibration program, block 76. In this embodiment the
user interface program is configured to be executed on the
Teach Pendant unit and is configured to generate a graphical
user interface for interaction with the user during the calibration
process. The calibration program and the user interface program



including the images are transferred to the robot control unit,
block 78. The calibration program is executed on the robot con

trol unit during the calibration and the user interface program is
executed on the Teach Pendant unit during the calibration. The
robot control unit transfers the user interface program to the
Teach Pendant unit.

When the robot operator orders start of calibration, the user i n

terface on the Teach Pendant unit displays the first view, for ex-
ample the view shown in figure 5a, of the sequence, including
an image of the first calibration point in relation to the object,
block 80. The robot operator starts the calibration program
through the displayed user interface by activating the start but

ton in the view, block 82. A start order is sent from the Teach
Pendant unit to the robot control unit, which upon receiving the
start order start execution of the calibration program and the ro

bot is automatically moved to a position close to the calibration
point, block 84. When the robot has been moved to the position
close to the calibration point the calibration program is auto-
matically stopped. Now it is up to the robot operator to manually
jog the robot to the calibration point. The displayed image of
present calibration point and the object provides the operator
with information about the location of the calibration point. When
the operator has jogged the robot to the exact position of the
calibration point, the operator activates the record button on the
user interface and a record command is sent to the robot control
unit. When the robot control unit receives the record command,
block 86 the current position of the robot is stored, block 88. For
example, the robot position includes information on joint angles
of the axes of the robot.

The steps 82-88 is repeated for each of the calibration points in

the sequence. When the robot has visited all calibration points
and the positions of the robot are recorded for each calibration
point, block 90, it is possible to calculate the relations between
the positions of object models and the positions of the real ob-



jects, block 92. In this example, the calculation is made in the
robot control unit. However, in an alternative embodiment this
calculation can be made on a remote computer. The recorded
robot positions are used to calculate the actual positions of the
real objects. The relation between the models of the objects and
the real objects are calculated, for example, by best fit between
the position of the calibration points on the models and the posi
tions of the real objects. The real position of the work object is
then updated, and accordingly all the position on the pro-
grammed path will be updated since the relation between the
position on the programmed path and the work object is kept
block 94. When the real position of the work object is updated
the reference frame is also updated. Accordingly, it is not nec

essary to calculate new positions of the path.

The present invention is not limited to the embodiments d is

closed but may be varied and modified within the scope of the
following claims. For example, the robot cell can include a plu

rality of objects. Then, the sequence of calibration points de-
pends on a defined order in which the objects are to be cali
brated. In this case the user interface is generated based on the
defined order in which the objects are to be calibrated. Further,
the robot cell can also contain multiple robots.



CLAIMS

1. A method for facilitating calibration of a robot cell including
one or more objects (8;52) and an industrial robot ( 1 ,2,3) per-
forming work in connection to the objects, wherein the robot cell
is programmed by means of an off-line programming tool includ
ing a graphical component (22) for generating 2D or 3D graphics
based on graphical models of the objects, characterized in that
the method comprises:

storing a sequence of calibration points (54,56,58) for each
of the objects,

automatically generating a sequence of images (60, 65, 66)
including graphical representations of the objects to be cali
brated and the calibration points in relation to the objects,

transferring the sequence of images to the robot, and
displaying said sequence of images to a robot operator dur

ing calibration of the robot cell so that for each calibration point
a view including the present calibration point and the object to
be calibrated is displayed to the robot operator.

2 . The method according to claim 1, wherein said images are
generated by means of said graphical component of the pro

gramming tool.

3 . The method according to claim 1 or 2 , wherein said sequence
of calibration points is stored together with the graphical model
of the object.

4 . The method according to any of the previous claims, wherein
the method comprises:

automatically generating a step-by-step user interface that
shows the images and guides the user trough the calibration
process based on said sequence of calibration points,

transferring the user interface to the robot, and
displaying the user interface during the calibration.



5 . The method according to any of the previous claims, wherein
the method comprises: automatically generating at least one
calibration program including instructions for moving the robot to
positions at or close to the calibration points, based on said
stored sequence of calibration points, transferring the calibra
tion program and the images to the robot, and executing said
calibration program so that for each calibration point the robot is
automatically moved to a position at or close to the calibration
point.

6 . The method according to claim 5 , wherein the robot com

prises a control unit and a Teach Pendant Unit (TPU) for manu
ally controlling the robot and having a display screen, and said
calibration program is transferred to and executed by the control
unit and said images are displayed on the display screen of the
Teach Pendant unit.

7 . The method according to claim 5 or 6 , wherein each of said
images shows information from the calibration program regard-
ing movement of the robot to the next calibration point in the
sequence, and each of said images shows user activated means
for starting and stopping execution of the calibration program.

8 . The method according to any of the previous claims, wherein
a reference frame is defined in relation to each of the objects
and a path including a plurality of target points defined in re la

tion to the reference frames are programmed by means of the
off-line programming tool, and the method comprises: storing for
each of the calibration points the position of the robot when the
robot is positioned in the calibration point, and determining for
each object the positional relationship between the reference
frame of the model of the object and the reference frame of the
real object based on the stored robot positions for the calibra
tion points.



9 . The method according to any of the previous claims, wherein
each calibration point is provided with an image showing the o b

ject to be calibrated and the next calibration point, to which the
robot shall be moved according to the sequence of calibration
points.

10 . A system for facilitating calibration of a robot cell including
one or more objects (8;52) and an industrial robot ( 1 ,2,3) per

forming work in connection to the objects, wherein the robot cell
is programmed by means of an off-line programming tool includ
ing a graphical component (22) for generating 2D or 3D graphics
based on graphical models of the objects, characterized in that
the system comprises a computer unit ( 10) located at the off-line
programming site and configured to store a sequence of calibra-
tion points (54,56,58) for each of the objects, and to generate a
sequence of images (60,65,66) including graphical representa
tions of the objects to be calibrated and the calibration points in

relation to the objects, and to transfer the images to the robot,
and that the robot is configured to display said sequence of im-
ages to a robot operator during calibration of the robot cell so
that for each calibration point a view including the present cali
bration point and the object to be calibrated is displayed to the
robot operator.

11. The system according to claim 10 , wherein the computer unit
( 10) is configured to generate said images by means of said
graphical component.

12 . The system according to claim 10 or 11, wherein said com-
puter unit ( 10) is configured to store said sequence of calibra
tion points together with the graphical model of the object.

13 . The system according to any of the claims 10-1 2 , wherein
the computer unit ( 10) is configured to generating at least one
calibration program including instructions for moving the robot to
positions at or close to the calibration points, based on said



stored sequence of calibration points, and to transfer the gener
ated calibration program to the robot, and the robot is conf ig
ured to execute said calibration program during calibration of
the robot cell so that for each calibration point the robot is
automatically moved to a position at or close to the calibration
point.

14. The system according to claim 13 , wherein the robot com

prises a control unit (2) and a Teach Pendant unit (3) for manu-
ally controlling the robot and having a display screen (4), and
said calibration program is transferred to and executed by the
control unit and said images are displayed on the display screen
of the Teach Pendant unit.

15 . The system according to any of the claims 10-14, wherein a
reference frame is defined in relation to each of the objects and
a path including a plurality of target points defined in relation to
the reference frames are programmed by means of the off-line
programming too and the robot is configured to receive informa-
tion on when the robot is positioned in the calibration point, and
to store the position of the robot upon receiving this information,
and the robot comprises computing means (46) for determining
the positional relationship between the reference frame of the
model of the object and the reference frame of the real object
based on the stored robot positions for the calibration points.

16 . The system according to any of the claims 10-1 5 , wherein
said computer unit ( 10) is configured to generate a step-by-step
user interface that shows the images and guides the user trough
the calibration process based on said sequence of calibration
points, and to transfer the user interface to the robot, and the
robot is configured to display the user interface during the cal i
bration.











A. CLASSIFICATION OF SUBJECT MATTER
INV . B2509/16

According to International Patent Classification (IPC) o r t o both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B25J G05B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

EP 1 462 224 A (FANUC LTD [JP]) 1-4,

29 September 2004 (2004-09-29) 10-12,16
the whole document 5-9,

13-15

EP 1 510 894 A (FANUC LTD [JP]) 5-9,
2 March 2005 (2005-03-02) 13-15
cited in the application
the whole document

EP 0 792 726 A (FANUC LTD [JP]) 1-16
3 September 1997 (1997-09-03)
cited in the application
the whole document

EP 1 842 631 A (ABB RESEARCH LTD [CH]) 1-16
10 October 2007 (2007-10-10)
the whole document

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :
1T " later document published after the international filing date

or priority date and not in conflict with the application but1A1 document defining the general state of the art which is not cited to understand the principle or theory underlying the
considered to be of particular relevance invention

"E1 earlier document but published on or after the international 1X " document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to

"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another "Y 1 document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

1P' document published prior to the international filing date but in the art.

later than the priority date claimed '&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

19 February 2009 02/03/2009

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Ri]SWiJK

TeI. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Prokopi ou, Pl aton

Form PCT/IS/V210 (second shβat) (April 2005)



Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 1462224 A 29-09-2004 JP 3950805 B2 01-08-2007
JP 2004255547 A 16-09-2004
US 2004172168 Al 02-09-2004

EP 1510894 02-03-2005 JP 3819883 B2 13-09-2006
JP 2005066797 A 17-03-2005
US 2005049749 Al 03-03-2005

EP 0792726 03-09-1997 DE 69603009 Dl 29-07-1999
DE 69603009 T2 21-10-1999
WO 9710931 Al 27-03-1997
JP 4014662 B2 28-11-2007
JP 9085655 A 31-03-1997
US 5937143 A 10-08-1999

EP 1842631 A 10-10-2007 AT 414594 T 15-12-2008
WO 2007113112 Al 11-10-2007

Foim PCT/ISW210 (patent lamily annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

