2012/097835 A2 I 000 010 RO 0O 0

<

W

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/097835 A2

26 July 2012 (26.07.2012) WIPO I PCT
(51) International Patent Classification: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
GO05B 19/42 (2006.01) HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
. . KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(21) International Application Number: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
PCT/EP2011/000244 OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, $G,
(22) International Filing Date: SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,
21 January 2011 (21.01.2011) UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
) kind of regional protection available): ARIPO (BW, GH,
(26) Publication Language: English GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(71) Applicant (for all designated States except US): ABB AG ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
[DE/DE]; Kallstadter Str. 1, 68309 Mannheim (DE). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Inventors; and MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
(75) Inventors/Applicants (for US ornly): BECKER, Oliver TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
[D]E/DE]; Steinachstrasse 20, 69198 Schriesheim (DE). ML, MR, NE, SN, TD, TG).
RUDELE, Hartmut [DE/DE]; Neue Anlage 15, 68526 .
Ladenburg (DE). DAL Fan [DE/DE]; Am Markstein 5c, Peclarations under Rule 4.17:
64673 Zwingenberg (DE). — as to applicant’s entitlement to apply for and be granted a
(74) Common Representative: ABB AG; Gf-ip, Wallstadter patent (Rule 4.17(i))
Str. 59, 68526 Ladenburg (DE). —  of inventorship (Rule 4.17(iv))
(81) Designated States (unless otherwise indicated, for every Published:

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(34

Title: SYSTEM FOR TEACHING A ROBOT MOVEMENT

PLC RC
32 34
51 40a_40b  40c  40d i— 40 66
52 #[Name | Default | Teach # :Name ; Default | Teach
[0.0,0,64, 64, 64] i
42 B 44
54 < 4
[0,0,0,96, 96, 96] —'——
1—1 —38 sdanraranee
68
a 48
56 70
PLG Function [ |50
Block 1

¥
58 64 / '
I
60 | «— | PLC Function :] 72}
Block 2 . . 1
¥

Fig. 2
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ment path (84 - 88 - 90 - 92) of the robot (36, 94). Each coordinate tuple (42) is dispatchable (44) by a dedicated PLC function (10,
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System for teaching a robot movement

Description

The invention relates to a system for teaching a robot movement and a belonging

method for commanding a robot.

It is known, that robots are widely used in industrial applications, such as material
handling, machine tending, assembly of parts, arc welding or painting of vehicles.
Usually, several robots are working together along a common production line, whe-
reas each robot is foreseen for a certain production step. The overall control of those
robots is typically realized by a system, which is based on a programmable logic con-
troller (PLC). The programmable logic controller coordinates the triggering of the
working sequences of the different robots dependent for example on the position of a
conveyor system, wherewith a workpiece to be assembled is transported along the
different working positions of the robots. The programming of a PLC is standardized
in a wider manner, for example by IEC 61131, so a person who is skilled in PLC pro-
gramming is able to operate a wide range of different PLC controlled production lines

concerning this issue.

A robot comprises normally a robot manipulator with several degrees of freedom in
movement, for example six or seven, whereas at the end of the robot manipulator
typically an end effector like a gripper or another tool like a welding gun is foreseen.
A robot manipulator with at least six degrees of freedom in movement is able to posi-
tion a belonging tool within each coordinate of its working range in each orientation.
Thus, a coordinate along a movement path of the robot tool requires typically six val-
ues, three for the belonging coordinate and three for the belonging orientation. The
working range of a robot depends on the robot and might be for example within a ra-

dius of 1m to 3m around the belonging robot base.

CONFIRMATION COPY
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The movement of the robot is typically controlled by a dedicated robot controller,
which comprises on the one side a kind of computer system and on the other side
several amplifiers for the belonging drives of the robot. Typically each degree of free-
dom in movement requires a dedicated drive such as an electrical motor. The desired
movement of the robot is normally contained within a robot program, which is stored
on the computer system of the robot controller. The movement path is composed by
a sequence of movement sections inbetween given coordinates, which are specified
within the robot program. Thus a robot program might contain commands with the
content “linear move from current coordinate to coordinate [x1, x2, x3, 01, 02, 03]
with speed [z]' or “linear move from current coordinate to current coordinate + delta
[x1, x2, x3, 01, 02, 03] with speed [z]'. The robot controller calculates the belonging
control signals for the different motors, so that the tip of the robot manipulator exe-
cutes the desired motion. It is also thinkable, that two or more robots are controlled

by a common robot controller.

Thus, the programming of a robot is a rather time consuming task and requires spe-
cial knowledge. Especially the fine-teaching of a coordinate of a movement path re-
quires special knowledge of the robot to be teached. Normally a robot program is ei-
ther prepared or provided by using an external simulation program such as Robot
Studio or RobCad. The provided movement path normally has to be fine tuned at
least in part while commissioning the production line but also to compensate some
changes during normal production. In this case the robot is set into a teach mode,
whereas the robot is physically moveable along the desired default movement path in
a slow motion so that no risk for the operator will rise. At each coordinate of the
movement path the operator has the option, to refine or specify the current default
coordinate. For a paint robot for example the orientation of the paint applicator is of
significant importance for the paint result, whereas the required orientation is rather
difficult to estimate during an offline simulation or generation of a paint program.
Thus especially the orientations of selected coordinates have to be manually fine-
tuned by a paint expert while moving the robot coordinate by coordinate along its de-

sired movement path over a real object to be painted.

A robot typically is manually controllable by using a so called teach pendant. Such a

device comprises normally a display and a kind of joystick wherewith the robot posi-
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tion is adjustable. Since each robot manufacturer typically provides a different pro-
gramming language for his robots, the programming effort also increases if different

kinds of robots are installed within the same production line of a manufacturing plant.

Disadvantageously within this state of the art is, that the operation of such a produc-
tion line requires at least two different control systems, on the one side the PLC sys-
tem for the overall control and on the other sides the control systems for the robots of
the different manufacturers, which all have to be operated by the same operating
staff of the production line. This increases the effort for programming the robots of

the production line.

Based on this state of the art it is the objective of the invention to provide a system
for teaching a robot, which requires less effort during commissioning or maintenance

of the belonging robot programs.

This problem is solved by a system for teaching a robot movement, comprising a ro-
bot, a robot controller with at least an automatic mode and a teach mode, a pro-
grammable logic controller which is connected to the robot controller, whereas the
programmable logic controller comprises means for storing coordinate tuples in a
teach position table, which coordinate tuples each are describing at least a default
coordinate value of a movement path of the robot, whereas each coordinate tuple is
dispatchable by a dedicated PLC function to the robot controller, whereas in the
teach mode optionally an interaction process for manually specifying the coordinate
value is triggered on the robot controller by dispatching the coordinate tuple and
whereas the manually specified coordinate value is provideable to and storable back

on the programmable logic controller.

The basic idea of the invention consists in using the PLC functionality of a program-
mable logic controller for commanding and teaching the robot. Thus the coordinates
of the movement path are provided by the programmable logic controller and dis-
patched coordinate by coordinate by a PLC function to the robot controller. After re-
ceiving the belonging coordinate the robot performs typically a movement from its
actual position to the subsequent provided coordinate. According to the invention this

proceeding is used as well for the automatic mode of the robot - wherein the robot
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executes the desired movement program under production conditions without a pos-
sibility to change something of the robot program - as for the teach mode. In the
teach mode the robot is in a preferably intrinsically save slow motion state whereas
each coordinate can be refined respectively specified manually by using a belonging

interaction procedure typically provided by the teach pendant.

The relevant coordinates for the robot movement are stored in and provided by the
programmable logic controller, which has the overall control also over the teach
process. Thus in the teach mode the dispatching of a coordinate tuple respectively
the receiving of the coordinate tuple by the robot controller initializes optionally the
interaction process for the belonging coordinate, which is a function of the robot re-
spectively the robot controller. The specified coordinate is provided back to the pro-
grammable logic controller, since the relevant coordinates for the movement path are
stored in and provided by its teach position table. In the easiest case the default co-
ordinate values stored in the teach position table are overwritten with the specified
coordinate values. When the robot executes the robot program the next time in the

automatic mode, he will move along the specified coordinates.

Since the triggering of the process of specifying the coordinates is controlled by the
programmable logic controller, the operator needs no further knowledge how to store
the specified coordinates into the robot program or how to move to the next coordi-
nate. The only required robot specific knowledge is related to the fine-tuning respec-
tively specifying of a default coordinate. Thus the process for teaching a robot

movement is simplified in an advantageous way.

The coordinates are stored in a coordinate tuple, which comprises at least a default
coordinate of the movement path, whereas a coordinate itself typically comprises at
least six coordinate values, three for the position in XYZ direction and three for the
belonging orientation. The use of other coordinate systems such as cylinder coordi-
nates or such is of course also possible. Optionally a coordinate might contain infor-
mation about the desired movement speed, the joint configuration parameters, and

SO on.
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In a variant of the invention a coordinate tuple comprises an alternative teachable
coordinate value, where the manually specified coordinate value is storable in. Hence
the coordinates of the default movement path are not overwritten by the specified
coordinates. This is useful especially for an iterative fine-tuning, where the same co-

ordinate is specified several times by using the trial and error method for example.

According to a further embodiment of the invention a coordinate tuple comprises an
alphanumeric identifier, which is dispatched together with the residual coordinate tu-
ple to the robot controller. This might be for example a name or such, for example
“top point”, which is displayed to the operator before or during the teaching process.
This additional information will be helpful to avoid errors or faults while manually
teaching. But this identifier can also be used to provide some additional information
to the robot controller, such as the kind of desired movement, for example a linear
movement or a movement along a curved path. But this identifier also might contain
information, whether a manually specification of the belonging default coordinate has

to be triggered.

Following another variant of the invention a coordinate tuple comprises a numerical
identifier. The purpose of it corresponds basically to the alphanumeric identifier,
whereas the automatic interpretation by the robot controller receiving this information

is easier to realize.

According to another embodiment of the invention the robot controller is foreseen to
set the actual position of the robot as default coordinate value to be specified if the
default coordinate has no value. This is useful for example, if the teach position table
is empty since no previous simulation or program generation has taken place before.
In this case the default coordinate is empty and has not to be sent to the robot con-
troller, whereas of course the possibility to store values of the default coordinate in
the teach position table has to be provided for writing back the specified coordinate.
Thus the interaction process for manually specification of the default coordinate
might be triggered by dispatching the alphanumeric identifier.

According to a preferred embodiment of the invention the programmable logic con-

troller comprises an interface for importing coordinate values from a movement pro-
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gram and storing them into the teach position table. This enables the import of an
externally generated movement program, which preferably should be written in an
IEC61131-3 language. This is the standard for PLC applications. Of course the inter-
face might be foreseen to import other robot languages or output data from CAD

tools.

According to another embodiment of the invention a coordinate tuple is creatable and
writable into the teach position table by instantiating a PLC function that defines a
robot motion command. Those PLC functions might be provided in a library of the
programmable logic controller so that the user is able to compose the desired move-
ment path step by step by using the PLC functions, which each are representing a

certain segment of the desired movement path to be programmed.

According to a preferred embodiment of the invention several subsequent coordinate
tuples of a movement path are sequentially dispatchable to the robot controller. This
enables as well in the automatic mode as in the teach mode the execution of a mo-

tion along the full movement path.

Following another embodiment of the invention a subsequent coordinate tuple is not
dispatchable before the robot has reached the position of the proceeding coordinate
tuple. According to a further variant of the invention a subsequent coordinate tuple is
not dispatchable before an optionally triggered interaction process for ménually
specifying the default coordinate has been finished. Both is useful especially for the
teach mode wherein the coordinates of the movement path are reached respectively
specified coordinate by coordinate. This function might be realized by sequentially
triggering the execution of a subsequent PLC function by an output of the proceeding
PLC function. Thus the information, that a coordinate has been specified is provided
to the programmable logic controller and influences the output of the belonging PLC
function. When the output has changed and indicates, that the function has been

executed, the subsequent movement block will be triggered by this output.

According to a preferred embodiment of the invention the robot and robot controller
are foreseen to execute a robot movement in the automatic mode without interaction

process. In this case the data of the movement path respectively the coordinate tu-
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ples are sequentially dispatched to the robot controller by the programmable logic
controller. It might be useful, that the robot controller comprises a motion queue for

storing a sequence of dispatched coordinate tuples.

According to a preferred embodiment of the invention the complete teach position
table of the programmable logic controller is dispatchable to the robot controller and
a certain coordinate tuple to be specified is selectable therefrom. This enables the re-
teaching of a single coordinate of a longer movement path without passing the other
coordinates. In this case it has to be assumed, that the movement from the proceed-
ing coordinate and the movement to the subsequent coordinate does not cause any
collision. Otherwise it is of course also possible to select a group of subsequent co-

ordinates for re-teaching.

The problem is also solved by a method for teaching a robot movement using a sys-
tem according to the invention, comprising the following steps:

o dispatching a coordinate tuple to the robot controller using a PLC function,

o triggering simultaneously an interaction process on the robot controller for
manually specifying the default coordinate value into a specified coordinate
value,

e automatic movement of the robot to the default coordinate value,

e manually specifying the default coordinate value by using the interaction proc-
ess,

e writing back the specified coordinate value to the teach position table of the
programmable logic controller by using a PLC function,

o optionally dispatching of a subsequent coordinate tuple and redoing this pro-

cedure

The advantages of this method have already been described correspondingly for the

belonging system.

In a further embodiment of the method according to the invention the coordinate tuple
dispatched to the robot controller does not contain a default coordinate but a numeric
identifier, whereas the actual robot position is set to the default position. This is use-

ful for example, if the teach position table is empty since no previous simulation or
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program generation has taken place before. In this case the default coordinate is
empty and has not to be sent to the robot controller, whereas of course the possibility
to store values of the default coordinate in the teach position table has to be provided
for writing back the specified coordinate. Thus the interaction process for manually
specification of the default coordinate might be triggered by dispatching the alpha-

numeric identifier.

Further advantageous embodiments of the invention are mentioned in the dependent

claims.

The invention will now be further explained by means of an exemplary embodiment

and with reference to the accompanying drawings, in which:

Figure 1 shows an exemplary function block of a programmable logic controller
(PLC),
Figure 2 shows an exemplary system for teaching a robot by PLC and

Figure 3 shows an exemplary robot with movement path.

Figure 1 shows a function block 10, comprising an input 12 (in the Fig. referenced
with “T”) for triggering the execution of a belonging function, further inputs 20 (in the
Fig. referenced with “i1”, “I12”, “I13”, “In”) and three outputs 14, 16, 18 (in the Fig. refer-
enced with “O1”, “02”, “O3"). The function block describes a functional relationship
between the inputs 20 and the outputs 14, 16, 18, which all are foreseen to encode
either the status TRUE ort FALSE. The first output 14 represents the first state,
namely that the function block has been activated, the second output 16 represents
the second state, namely that the execution of the belonging movement segment has
been started whereas the third output represents the third state, namely that the exe-
cution of the belonging movement segment has been finished. Such a function block

is as well realizable as software function as with a dedicated hardware.

Fig. 2 shows an exemplary system 30 for teaching a robot 36 by a programmable lo-
gic controller 32. The programmable logic controller 32 is realized by software mod-
ules and not by a dedicated hardware and comprises means for storing a teach posi-

tion table 40. The teach position table enables the storing of several coordinate tu-
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ples 42, which themselves comprise a numerical identifier 40a, an alphanumerical
identifier 40b, a default position coordinate 40c and a specified coordinate 40d. Pref-
erably a coordinate comprises six values which allow the specification of any coordi-

nate in any orientation.

It is either possible to import coordinate data 52, 54 from a movement program 51
from extern, which has been generated for example offline. Preferably the movement
program 51 is written according to the IEC 61131-3 standard, which is related to PLC
applications. Thus the import of the coordinate data 52, 54 and the writing 48 into the
teach position table 40 by using a PLC function 56 is realizable without major adapta-
tion effort within the belonging function block. It is also possible that a user 60 manu-
ally interacts with the programmable logic controller 32 and selects one or more func-
tion blocks 58 out of library, whereas a function block describes a coordinate of a
movement path respectively a segment of the movement path including also addi-

tional information such as desired movement speed for example.

The programmable logic controller sequentially dispatches 44 coordinate tuples 42 to
the robot controller 34, which are connected together by a data connection 38, for
example a fieldbus. The dispatched coordinate tuple 46 might be a copy of the origi-
nal coordinate tuple 42, but it is also thinkable, that only some tuple data are dis-
patched. The robot controller 34 comprises means for executing a robot program 70,
which is foreseen to incorporate 68 the actually dispatched coordinate tuples 46 into
the robot program 70 execution. The robot controller 34 is connected to the robot 36

by a connection 72.

The receiving of a coordinate tuple 46 optionally triggers a process on the robot con-
troller 34 for specifying respectively fine tuning the belonging default coordinate val-
ues. This is usually done manually by the user 62, which interacts with a device for
manual interaction 64 respectively a teach pendant. The triggering might be initiated

for example by the numerical or alphanumerical identifier.

Figure 3 shows an exemplary robot with movement path in a sketch 80. A robot 94 is
connected to a robot controller 96, which is connected to a non shown programmable
logic controller. According to the intended motion the robot 94 will move along a
movement path defined by the coordinates 84, 88, 90, 92. Each coordinate 84, 88,
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90, 92 has to be assumed as comprising six coordinate values, three for the coordi-
nates in the XYZ directions and three for the belonging orientation. Of course it is
also possible to command a robot with less degrees of freedom in movement by a
programmable logic controller according to the invention. A process for specifying a
coordinate is shown by the path 86. The initial default coordinate dispatched from the
programmable logic controller to the robot controller 96 is indicated with the refer-
ence number 82. The process for manually specifying the default coordinate 82 is
initiated by receiving the coordinate tuple by the robot controller. The specifying itself
is based on a procedure integrated within the robot controller 96 and typically takes
use of a teach pendant. In this case the robot is moved along the variable path 86 to
its specified position 84. After reaching the specified position 84 the control is given
back to the programmable logic controller and the values of the specified coordinate
84 are written into the teach position table, whereas the robot is in the teach mode
during the whole time. Afterwards the robot 94 respectively the robot controller 96 are
switched into the automatic mode and the robot moves along the movement path 84,

88, 90, 92 according to values of the currently dispatched coordinate tuples.
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Claims

1. System (30) for teaching a robot movement (84 — 88 — 90 - 92), comprising
e arobot (36, 94),
e a robot controller (34, 96) with at least an automatic mode and a teach
mode,
e a programmable logic controller (PLC) (32) which is connected (38) to the
robot controller (34, 96),
whereas the programmable logic controller (32) comprises means for storing co-
ordinate tuples (42) in a teach position table (40), which coordinate tuples (42)
each describe at least a default coordinate value (40c) of a movement path (84 —
88 — 90 - 92) of the robot (36, 94), whereas each coordinate tuple (42) is dis-
patchable (44) by a dedicated PLC function (10, 56, 58) to the robot controller
(34, 96), whereas in the teach mode optionally an interaction process for manu-
ally specifying the default coordinate value (40c) is triggered on the robot control-
ler (34, 96) by dispatching the coordinate tuple (42) and whereas the manually
specified coordinate value (84) is provideable to and storable back on the pro-
grammable logic controller (32).

2. System according to claim 1, whereas a coordinate tuple (42) comprises an al-
ternative teachable coordinate value (40d), where the manually specified coordi-
nate value (84) is storable in.

3. System according to claim 1 or claim 2, whereas a coordinate tuple (42) com-

prises an alphanumeric identifier (40b).

4. System according to any of the previous claims, whereas a coordinate tuple
(42) comprises a numerical identifier (40a).
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5. System according to claim 3 or claim 4, whereas the robot controller (34, 96) is
foreseen to set the actual position of the robot (36, 94) as default coordinate

value to be specified if the default coordinate (40c) has no value.

6. System according to any of the previous claims, whereas the programmable
logic controller (32) comprises an interface for importing coordinate values (52,
54) from a movement program (51) and storing (48) them into the teach position
table (40).

7. System according to any of the previous claims, whereas a coordinate tuple
(42) is creatable and writable (50) into the teach position table (40) by instantiat-
ing a PLC function (568) that defines a robot motion command.

8. System according to any of the previous claims, whereas several subsequent
coordinate tuples of a movement path are sequentially dispatchable to the robot

controller.

9. System according to claim 8, whereas a subsequent coordinate tuple (42) is
not dispatchable (44) before the robot (36, 94) has reached the position of the

proceeding coordinate tuple.

10. System according to claim 8 or 9, whereas a subsequent coordinate tuple
(42) is not dispatchable (44) before an optionally triggered interaction process for
manually specifying the default coordinate (82) has been finished.

11. System according to claim 10, whereas the robot (36, 94) and robot controller
(34, 96) are foreseen to execute a robot movement (84 — 88 — 90 - 92) in the

automatic mode without interaction process.

12. System according to any of the previous claims, whereas the complete teach
position table (40) is dispatchable to the robot controller and whereas a certain

coordinate tuple (42) to be specified is manually selectable.
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13. Method for teaching a robot movement using a system according to any of

the claims 1 to 12, comprising the following steps:

dispatching (44) a coordinate tuple (42) to the robot controller (34, 96) us-
ing a PLC function (10, 56, 58),

triggering simultaneously an interaction process on the robot controller
(34, 96) for manually specifying (86) the default coordinate (82) value into
a specified coordinate (84) value,

automatic movement of the robot to the default coordinate (82) value,
manually specifying (86) the default coordinate (82) value by using the in-
teraction process,

writing back the specified coordinate (84) value to the teach position table
(40) of the programmable logic controller (32) by using a PLC function (10,
56, 58),

optionally dispatching (44) of a subsequent coordinate tuple (40) and re-

doing this procedure

14. Method for teaching a robot movement according to claim 13, whereas the

coordinate tuple (42) dispatched to the robot controller (34, 96) does not contain

a default coordinate (40c) but a numeric (40a) or alphanumeric (40b) identifier ,

whereas the actual robot position is set to the default position.
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