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(57) Abrégé/Abstract:

There is provided a method for programming an industrial robot, where distributors and integrators can present accessories that
run successfully at end users. Also the developer can define customized installation screens and program nodes for the end user.
There is provided a software platform, where the developer can define customized installation screens and program nodes for the
end user thereby extending an existing robot system with customized functionalities by still using the software platform available in
the robot system. Hereby a robot developer can define customized installation screens and program nodes for the end user. These
can, for example, encapsulate complex new robot programming concepts, or provide friendly hardware configuration interfaces.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



wo 2017/005272 A1 | ]I NF T 0000 Y 0 O

CA 02991244 2018-01-03

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

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

=

\

(43) International Publication Date
12 January 2017 (12.01.2017)

(10) International Publication Number

WO 2017/005272 Al

WIPOIPCT

(51) International Patent Classification:
B25J 9/16 (2006.01) B25J 19/00 (2006.01)
GO5B 19/042 (2006.01) GO6F 3/0482 (2013.01)

(21) International Application Number:

PCT/DK2016/050240

(22) International Filing Date:

7 July 2016 (07.07.2016)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:
PA 2015 70451 8 July 2015 (08.07.2015) DK

Applicant: UNIVERSAL ROBOTS A/S [DK/DK]; Ener-
givej 25, 5260 Odense S (DK).

Inventors: OESTERGAARD, Esben H.; Energivej 25,
5260 Odense S (DK). SLOTA, Martin; Energivej 25,
5260 Odense S (DK). WILTERDINK, Robert; Energivej
25, 5260 Odense S (DK).

Agent: ORSNES PATENT,; Forskerparken 10, 5230
Odense M (DK).

1

(72

74

(81) Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: METHOD FOR EXTENDING END USER PROGRAMMING OF AN INDUSTRIAL ROBOT WITH THIRD PARTY

CONTRIBUTIONS

Instalintion File Program File
5 é
- e ¢ /
¢ Sed party contdbution. . \\ /
i i
' t Y F"
i
% artor - v
Progruam [ onverter i Uiraphical
. i User
: statlation ‘ C(}mcser interface

)

Raobat
Control
Language

¥

.. | Robat
Controlier

’ 3rd party HW

Figure 1

(57) Abstract: There is provided a method for programming an in-
dustrial robot, where distributors and integrators can present ac-
cessories that run successtully at end users. Also the developer can
define customized installation screens and program nodes for the
end user. There is provided a software platform, where the de-
veloper can define customized installation screens and program
nodes for the end user thereby extending an existing robot system
with customized functionalities by still using the software platform
available in the robot system. Hereby a robot developer can define
customized installation screens and program nodes for the end
user. These can, for example, encapsulate complex new robot pro-
gramming concepts, ot provide friendly hardware configuration in-
terfaces.
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METHOD FOR EXTENDING END USER PROGRAMMING OF AN
INDUSTRIAL ROBOT WITH THIRD PARTY CONTRIBUTIONS

FIELD OF THE INVENTION

The present invention relates to a method for programming an industrial robot. More
specifically, the invention relates to a method for programming an industrial robot, where
distributors and integrators can present accessories that run successfully at end users. Also
the developer can define customized installation screens and program nodes for the end
user. The invention provides a software platform, where the developer can define
customized installation screens and program nodes for the end user.

BACKGROUND OF THE INVENTION

Before an industrial robot is to be put in operation for a certain task, it must be programmed
to carry out the task. Various robot programming languages are available originating from
different robot suppliers. A robot program comprises a series of robot instructions written in
a robot programming language.

Customers who buy industrial robots generally want to be able to control or manipulate a
robot, and to program the robot, relative to various objects and boundaries in the
surroundings of the robot, such as machines, objects or blanks, fixtures, conveyers, pallets
or vision systems.

The end-user would sometimes face a challenge when installing and programming third
party hardware (tools, such as grippers) as well as accompanying third party software to be
integrated in the industrial robot system.

Industrial robots are highly flexible devices used for a wide variety of operations in many
different industrial applications. Industrial robots are conventionally programmed via a robot
programming 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
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positions of the target points. The programming of robots is a time consuming process and
the conventional methods of using the robot during the programming and teaching process
ties up the production equipment and delays production start.

There is a need for a method to extend an existing robot system with customized
functionalities by still using the software platform available in the robot system. Hereby a
robot developer can define customized installation screens and program nodes for the end
user. These can, for example, encapsulate complex new robot programming concepts, or
provide friendly hardware configuration interfaces.

SUMMARY OF THE INVENTION

The above and other objects and advantages are obtained by the provision of a
programmable robot having the unique feature that it can be programmed with third party
plug-ins provided with the third party tools.

Thus, according to a first aspect of the present invention there is provided a method of
programming an industrial robot with third party hardware and software, wherein the
method includes:

-providing an industrial robot having a user graphical interface (GUI) for programming the
robot and installing third party software, said GUI including i) an installation tab, wherein the
installation of the robot is specified, said installation tab configured to allow setting up of
parameters for the third party hardware mounted on the robot, and ii) a program tab,
wherein the program of the robot is specified, said program tab configured to allow setting
up of the steps to be performed by the hardware;

-installing the third-party software, based on a dedicated file format, that adds a GUI
element to the installation tab and the program tab;

- installing third-party hardware, such as a tool, based on said software components
containing GUI elements.

The method may further comprise one or more of the following steps:
- storing in a memory location a set of predefined positions comprising preprogrammed
robot code to define one or more geometrical features relative to objects in the



CA 02991244 2018~01-03

WO 2017/005272 PCT/DK2016/050240
3

surroundings of the robot and establishing a relationship between said geometrical features
and first coordinates of a robot-related coordinate system;

- integrating the GUI on a graphical display device, displaying information about the
predefined positions and allowing a user to select one or more of the predefined positions
and to specify the order in which the robot shall visit the selected positions,

- receiving information about which of the predefined positions the user has selected and
the order in which the robot shall visit the selected workstations, and generating a robot
program for performing a work cycle based on said predefined positions and said received
and stored information about the selected positions and the order in which the robot shall
visit the selected positions.

According to a further aspect of the invention, the object is achieved by a computer
program directly loadable into the internal memory of a computer or a processor,
comprising software code portions for performing the steps of the method according to the
invention, when said program is run on a computer. The computer program is provided
either on a computer readable medium or through a network.

According to another aspect of the invention, the object is achieved by a computer readable
medium having a program recorded thereon, when the program is to make a computer
perform the steps of the method according to the invention, and said program is run on the
computer.

According to the invention, a set of predefined workstations, comprising preprogrammed
robot code, are stored in a memory location. The user creates a robot program by selecting
one or more workstations from the predefined set of workstations and specifying the order
in which the robot shall visit the selected workstations. This allows the operator to create a
graphical representation that reflects the configuration of the real robot cell.

A workstation is a physical location on which the robot may carry out work. Each predefined
workstation represents a real workstation and a defined task to be carried out by the robot
at the workstation. The preprogrammed robot code is specially designed for controlling the
robot so that it carries out the defined task at the workstation. Examples of workstations
are: an injection mold machine, a dye casting machine, a scrap station for throwing away
rejected objects, a device for vision control of the object, one or more stations for
subsequent treatment of the object, and an output station such as a conveyer. Examples of
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tasks are: pick a molded object from the mold, throw the object in the waste basket, hold
the object during a vision control, move the object in a predefined way in relation to a
treatment tool, put the object in an assembly with other objects, place the object on the
conveyer. The subsequent treatment is for instance flaming, deburring, degating,
dispensing, polishing, grinding or painting.

The user interacts with one or more graphical interfaces during the creation of the robot
program. In this context a graphical interface is defined as a view or a part of a view,
adapted for interaction with a user and displayed on the display device. The graphical
interface is adapted for displaying information, in the form of text and symbols, and choices
to the user, and to receive commands, data and selections entered by the user.

A robot program is generated based on the stored, predefined workstations including
predefined robot program code, and information entered by the user via the user interfaces
about selected workstations and the order in which the robot shall visit the selected
workstations. The programming code is hidden from the user, and the user creates a robot
program by interacting with one or more graphical interfaces. Thus, the invention makes it
possible for a user to create a robot program without using any programming code. The
invention offers an easy and pedagogical way to program a robot, and does not require any
knowledge about robot languages. Based on the software platform provided with the
present invention it is easy for the user to reprogram the robot in connection with adding
and removing a third party workstation to the robot cell. A further advantage gained with the
present invention is that the user will find it just as easy to program an advanced robot with
five or six axes, as to program a simple linear robot with only three axes. The term industrial
robot refers to linearly movable manipulators as well as robots including rotational
movement axes. The invention is useful for programming industrial manipulators or robots
for any application including visiting and performing work on one or more workstations.

Date reque/Date received 2023-02-24
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According to one aspect of the present invention, there is provided a method for
extending programmability, by an end-user, of an industrial robot onto which third-
party hardware is to be mounted with customized functionality, wherein the method
includes: providing an industrial robot having a robot controller and a graphical user
interface for programming the robot and for installing third-party software, said
graphical user interface provided with an installation tab wherein the installation of
the robot is specified, said installation tab configured to allow setting up of
parameters for hardware mounted on the robot and third-party hardware to be
mounted on the robot, and a program tab, wherein the program of the robot is
specified, said program tab configured to allow setting up of the steps to be
performed by the hardware; and installing the third-party software, based on a
dedicated file format, that adds graphical user interface elements to the installation
tab and the program tab, wherein the added graphical user interface elements are
customized to the third-party hardware; and installing the third-party hardware based
on graphical user interface elements added to the installation tab.

According to another aspect of the present invention, there is provided a
programmable robot provided with software for carrying out the method as described
herein.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 shows a diagram of the relationship between the software and hardware
components supplied with the robot system and the third-party supplied additions to this

system.

Date Regue/Date Received 2023-04-27
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DETAILED DESCRIPTION OF THE INVENTION

The invention will now be explained more closely by the description of the principles shown
in Figure 1. Specifically the Figure shows how the programming of an industrial robot with
third party hardware and software is carried out. An industrial robot having a user graphical
interface (GUI) for programming the robot is provided. The installation of the third party
software is performed where the GUI includes an installation tab, wherein the installation of
the robot is specified, said installation tab configured to allow setting up of parameters for
the third party hardware mounted on the robot, and a program tab, wherein the program of
the robot is specified, said program tab configured to allow setting up of the steps to be
performed by the hardware. Then the third-party software is installed, based on a dedicated
file format that adds a GUI element to the installation tab and the program tab. Finally the
third-party hardware (or own hardware) is installed based on said software components
containing GUI elements.

The invention concerns a platform where distributors and integrators can present
accessories that run successfully at end users. This gives rise to shorter lead time to
implement robot applications, and lower project risks, higher predictability of project costs
and time, access to well-proven technology, and share information. The concept includes
both hardware and software solutions, whereas the present invention is concerned with the
software aspects of this concept.

By implementation of the present invention an industrial robot becomes receptive to the
installation of third-party software components, based on a dedicated file format. These files
can amongst other things contain graphical user interface elements that will become part of
our user interface. A typical use case could be the installation of a gripper on the robot. The
gripper would come with a dedicated file, which would add a general user interface element
to the installation tab (where the installation of the robot is specified) and to the program tab
(where the program of the robot is specified). In the installation tab, it would allow the set-up
of parameters for how the gripper is mounted on the robot and what electrical signals are
used for the gripper. In the program tab, it would allow to specify whether the gripper should
open or close, and possible also the gripping force, closing speed etc.



CA 02991244 2018~01-03

WO 2017/005272 PCT/DK2016/050240
6

Generally, an industrial robot comprises a manipulator, a control unit for controlling the
manipulator, and a portable operator control device, denoted a teach pendant unit, for
teaching and manually operating the manipulator.

In accordance with the present invention end-users have the possibility to install various
plugin packages. A single package may contain a contribution to the installation tab and/or
program nodes. After installation of the software the new screens will automatically become
available for the control device. Furthermore, the screens look and act as if they were part
of the default control environment.

Installation tab contributions store their settings in the, so called, installation. This file
contains the configuration for a particular work-cell. The configuration among others
contains the verified safety seftings. End-users programming robots, using the present
invention, automatically link the program under design to the specific installation.
Consequently, when the program is loaded, the assigned installation (including verified
safety configuration and settings) is loaded as well. This simplifies the workflow for end-
users, because the number of significant configuration files remains the same (i.e. one).

Program node contributions store their parameters in the, so called, program files. These
files contain the program for the automation task the robot is supposed solve. The
combination of default control program parameters and specific parameters gives the same
workflow advantages to the end-user (similar to the installation file), since the number of
significant files remains one.

The separation of concerns, between configuration of the robot work-cell and program
design, promoted by the control device lowers the design complexity for end-users. Both
concerns focus on complementary aspects of the automation task and give the end-user a
systematic way of solving the automation problem. The control device ensures that both
concerns are integrated in an appropriate manner. With the framework of the present
invention the same separation of concerns and integration can be provided to end-users,
i.e. installation tab contributions can share settings with program node contributions.

For instance, if an electro-mechanical gripper is supposed to be installed and used for an
automation task the following steps could be taken. As the gripper supplier chose to guide
the end-user through the installation process, he directs the end-user to install the plug-in
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first and to navigate to the Installation tab. In the Installation tab the contribution then shows
the end-user visually how the gripper's power supply and communication interface should
be connected. After the communication interface and power have been connected
physically, the gripper boots up and starts communicating with the gripper software. At this
point, the gripper software detects the physical gripper and the screen changes from
showing the visual installation guide to a configuration interface. In the configuration
interface, for instance, the maximum closing force can be configured. After the configuration
has been done, the end-user can start making a program. The end-user navigates to the
program tab and starts programming his task. At the point where he wants to fetch an
object he looks for an appropriate program node and finds the “Gripper” node. He inserts
the gripper node in the same manner as any other program node. The command tab (for
program node parametrization) shows the available parameters that can be tuned in a
visually appealing manner. After the end-user specified the gripper opening distance and
closing distance, the gripper node is parameterized. To test the gripper parameters, the
command tab offers a “Joggle” button which will open and close the gripper, without running
the entire program. Before any program can be run, each program node will need to
generate a code that executes the specified actions. Information stored in the installation,
e.g. the maximum closing force, can be employed here as well. For the gripper node, the
developer has taken care of the script generation (using the framework of the present
invention). On pressing the play button in the control device, the program will be converted
into the script of the robot and the robot will start performing the programmed task.

The framework of the present invention enables:

. Easy setup of third party hardware, which is usually a complex task not suited for
regular end-users (like factory workers). The benefits are: lower technical expertise
required, less time for setup and allows easy repetition for setup of 3" party hardware ->
lower setup costs.

. Seamiess integration with the normal workflow.

. Both the framework and control device promote the same workflow.
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CLAIMS:

1. A method for extending programmability, by an end-user, of an industrial robot onto
which third-party hardware is to be mounted with customized functionality, wherein the
method includes:

providing an industrial robot having a robot controller and a graphical user
interface for programming the robot and for installing third-party software, said
graphical user interface provided with

- an installation tab wherein the installation of the robot is specified, said
installation tab configured to allow setting up of parameters for hardware mounted
on the robot and third-party hardware to be mounted on the robot, and

- a program tab, wherein the program of the robot is specified, said program tab
configured to allow setting up of the steps to be performed by the hardware; and

installing the third-party software, based on a dedicated file format, that adds
graphical user interface elements to the installation tab and the program tab, wherein
the added graphical user interface elements are customized to the third-party
hardware; and

installing the third-party hardware based on graphical user interface elements
added to the installation tab.

2. The method according to claim 1, wherein the method further comprises:

storing in a memory location a set of predefined positions comprising
preprogrammed robot code to define one or more geometrical features relative to
objects in the surroundings of the robot; and

establishing a relationship between said geometrical features and first
coordinates of a robot-related coordinate system.

3. The method according to claim 2, wherein the method further comprises:
integrating the graphical user interface on a graphical display device,

displaying information about the predefined positions, and

Date Regue/Date Received 2023-04-27
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allowing a user to select one or more of the predefined positions and to specify the
order in which the robot shall visit the selected positions.

4. The method according to claim 3, wherein the method further comprises:

receiving information about which of the predefined positions the user has
selected and the order in which the robot shall visit the selected workstations, and

generating a robot program for performing a work cycle based on said
predefined positions and said received and stored information about the selected
positions and the order in which the robot shall visit the selected positions.

5. The method according to any one of claims 1 to 4, wherein the robot has an
extensible operating system allowing for third-party daemons, servers and other
programs to be installed on the robot controller, to extend the functionality of the robot
controller, for use by the added graphical user interface elements.

6. The method according to any one of claims 3 to 5, wherein the third-party hardware
is an electro-mechanical gripper, said software components containing graphical user
interface elements being selected in the installation tab, whereby the end-user is
visually informed how the gripper’s power supply and communication interface should
be connected, after which the gripper boots up and starts communicating with the
gripper graphical user interface element of the program tab thereby detecting the
physical gripper, and the graphical display device shows a configuration interface
enabling the end-user to configure one or more physical parameters, said method
being completed by the end-user when navigating to the program tab programming a
task to be performed by the robot by a corresponding program node.

7. The method according to claim 6, wherein the one or more physical parameters
include maximum closing force of the gripper.

8. The method according to any one of claims 1 to 5, wherein the third-party hardware
is a vision system, said software components containing graphical user interface
elements being selected in the installation tab, whereby the end-user is visually
informed how the vision system should be connected to the robots, how camera
coordinates relates to robot coordinates, and what parts to identify in the vision system,
where a generated program automatically incorporates a mathematical transformation
from vision system coordinates to robot coordinates, thereby removing the requirement

Date Regue/Date Received 2023-04-27
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of a programmer to understand and being able to handle complexity inherent to vision
guided robotics.

9. The method according to claim 8, wherein said software components contain a
graphical user interface element of the program tab thereby enabling the programmer
of the robot to move to an identified part.

10. The method according to any one of claims 1 to 5, wherein the third-party hardware
is an interface to other industrial equipment, where the third-party elements added to
the installation tab would hold information about connecting the robot to the specific
other equipment, and at the same time extend the functions in the programming tab to
include triggering specific events or functions in the third-party equipment.

11. A programmable robot provided with software for carrying out the method
according to any one of claims 1 to 10.

Date Regue/Date Received 2023-04-27
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