wo 2007/054435 A1 |10 00 000 OO 0

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
18 May 2007 (18.05.2007)

lﬂfb A0 00 O

(10) International Publication Number

WO 2007/054435 Al

(51) International Patent Classification:
B25] 13/06 (2006.01) B25] 19/06 (2006.01)

(21) International Application Number:
PCT/EP2006/067793

(22) International Filing Date: 26 October 2006 (26.10.2006)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
05110485.9
60/735,347

8 November 2005 (08.11.2005)
14 November 2005 (14.11.2005)

EP
Us

(71) Applicant (for all designated States except US): ABB AB
[SE/SE]; Kopparbergsvigen 2, S-721 83 Visteras (SE).

(72) Inventor; and
(75) Inventor/Applicant (for US only): SJOBERG, Ralph
[SE/SE]; Egilsvigen 76, S-723 55 Visteras (SE).

(74) Agent: REYIER, Ann-Mari; c/o Bjerkéns Patentbyra
KB, Box 128, S-SE-721 05 Visteras, (SE).

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

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: AN INDUSTRIAL ROBOT SYSTEM WITH MORE THAN ONE TPU

(57) Abstract: An industrial robot

system comprising an industrial
robot including a manipulator (2)
and a control unit (3) for controlling
the manipulator, and a plurality of
portable operator control devices
(5a-d), called TPUs, for manually
operating the robot. Each TPU
comprises a manually operated
enabling device (14), which upon
activation enables manual movement
of the robot by the TPU. The control
unit comprises a safety system, which
upon connection enables the enabling
device of the TPU. The system is
adapted to simultaneously connect
the TPUs to the safety system of
the control unit. One of the TPUs,
called a Master TPU, is given a master
authority. The control unit receives

|_\

information from all TPUs about
whether the enabling device of the
TPU is activated or deactivated, and
permits manual movement of the robot
by the Master TPU if the received
information indicates that the enabling
devices for all TPUs connected to
the safety system are simultaneously
activated. The system does not permit
manual movement of the robot by any
other TPU than the Master TPU.
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AN INDUSTRIAL ROBOT SYSTEM WITH MORE THAN
ONE TPU

FIELD OF THE INVENTION

The present invention relates to an industrial robot system in-
cluding an industrial robot comprising at least one manipulator
and a control unit for controlling the manipulator, and at least
two portable operator control devices, called TPU:s. The inven-
tion also relates to a method for controlling such a robot system.

PRIOR ART

An industrial robot is programmed to carry out work along an
operating path. In order to program or teach the robot the work,
the robot is manipulated to positions along the desired operating
path. These positions are stored as instructions in a memory in
the control unit. During operation of the robot, the program in-
structions are executed, thereby making the robot operate as
desired.

The person controlling a robot is denoted an operator. In the fol-
lowing the words user and operator are used synonymously. An
industrial robot can be operated in different operation modes.
For example, when the robot is put in manual operation mode,
the robot is controlled by means of a portable operator control
device, generally denoted a Teach Pendant Unit, and called
hereafter a TPU. The TPU is used for manually controlling the
robot, for example to teach or program the robot to follow an
operating path. The TPU may also be used for monitoring the
robot program, changing certain variables in the program, start-
ing, stopping and editing the program. When the robot is



10

15

20

25

30

35

WO 2007/054435 2 PCT/EP2006/067793

switched to automatic mode, it is no longer possible to manually
move the robot with the joystick. However, it is still possible to
start and stop the robot program.

A TPU comprises operator control means, for example a joy-
stick, a ball, a set of buttons or any combination thereof, a vis-
ual display unit, and safety equipment for protecting a user
against injury during manual control of the robot, such as an
enabling device and a stop device, for example an emergency
stop button, or a conditional stop button. The enabling device is
for example a switch or a push button, which has to be pressed
by the operator to enable manual control of the robot by the
TPU. For safety reasons the TPU normally is provided with ei-
ther an emergency stop button, which makes it possible for the
operator to unconditionally stop the robot at any time by pushing
the button, or a conditional stop button, which makes it possible
for the operator to conditionally stop the robot. The TPU is ei-
ther wirelessly or physically connected to the control unit
through a cable. If the TPU is wirelessly connected to the con-
trol unit, the TPU communicates with the control unit via a data
link.

During a login procedure the operator is logged in to the control
unit of the robot and the TPU is connected to the control unit.
Further, the TPU is connected to the safety system of the robot.
To connect the TPU to the safety system of the robot includes
activating the enabling function of the robot, which means to put
the enabling device of the TPU into function. Thus, when the
enabling function is activated, the enabling device of the TPU is
enabled and it is possible to move the robot, for example by
means of the joystick, when the enabling button of the TPU is
pressed.

To connect the TPU to the safety system of the robot also in-
cludes activating the emergency stop function of the robot,
which for example means to put the emergency stop button of
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the TPU into function for the robot. When the emergency stop
function of the TPU is activated, the emergency stop button of
the TPU is enabled and it is possible to emergency stop the ro-
bot by pushing the emergency stop button. If the emergency
stop function of the TPU is deactivated the emergency stop but-
ton of the TPU is disabled and nothing happens when the emer-
gency stop button is pressed.

When the operator no longer desires to control the robot, he has
to disconnect the TPU from the control unit of the robot by send-
ing a logout order from the TPU to the control unit. The logout
order logs out the operator from the control unit and deactivates
the safety system of the TPU, which means that the safety
equipment of the TPU is disabled.

For security reasons the manipulator is often placed into a robot
cell. The robot cell is usually an enclosed area, for example a
fence having a gate encloses the robot cell. The safety regula-
tion for the robot specifies that the TPU must be connected to
the safety system of the robot when the TPU is inside the robot
cell, and to avoid accidents and unintended emergency stops of
the robot, the safety equipment of the TPU should be out of
function as long as the TPU is outside the robot cell.

Sometimes it is necessary to be more than one user in the cell
at the same time. If only one TPU is present in the robot cell, it
is only the user with the TPU who has control over the robot and
thus over what is happening in the cell. This could be very dan-
gerous for the other users present in the cell. For example, if the
user is testing a robot installation it can be very dangerous for
the other users to be in the cell because of movements of the
mechanical arms of the robot.
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OBJECTS AND SUMMARY OF THE INVENTION

The object of the present invention is to improve the safety in a
robot cell when more than one person is present in the cell at
the same time.

According to one aspect of the invention this object is achieved
with an industrial robot system as defined in claim 1.

According to the invention the robot system comprises an indus-
trial robot including at least one manipulator and a control unit
for controlling the manipulator, and at least two TPU:s, which
are adapted to be simultaneously connected to the safety sys-
tem of the control unit and one of the TPU:s is a Master TPU,
and the control unit is adapted to receive information from all
TPU:s, which are simultaneously connected to the safety sys-
tem, about whether the enabling device of the TPU is activated
or deactivated, to permit manual movement of the robot by the
Master TPU, if the received information indicates that the ena-
bling devices for all TPU’s connected to the safety system are
simultaneously activated, to not permit manual movement of the
Master TPU if the information received indicates that at least
one of the enabling devices is deactivated, and to not permit
manual movement of the robot by any other TPU than the Mas-
ter TPU.

The invention makes it possible for two or more TPU:s to be si-
multaneously connected to the safety system of the robot control
unit. This means that all users in the robot cell could be pro-
vided with a TPU connected to the safety system. To increase
the safety, only one user is the master and is allowed to move
the robot. The other users are not allowed to move the robot,
only to affect the safety system. To allow any movement of the
robot, all users in the cell must simultaneously activate the ena-
bling device, for example by pressing the enabling button. If one
of the users releases the enabling button, i.e. deactivate the
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enabling device; the Master TPU is no longer allowed to move
the manipulator. Accordingly, the safety for the other users in
the cell is increased.

The number of TPU:s simultaneously connected to the control
unit may vary from time to time, in dependence on the number of
users in the robot cell. Of course, the system also allows one
TPU having master authority to be alone in the cell, and to con-
trol the movement of the manipulator, independent of any other
TPU.

Preferably, the control unit is adapted to receive information
from one or more of the TPU:s about which of the simultane-
ously connected TPU:s has the master authority and accordingly
is the Master TPU. Thus, it is possible for the users to decide
which of the TPU:s is to be the Master TPU. For example, which
of the TPU:s in the cell is to be Master TPU could be negotiated
at login to the control unit. Alternatively, it is decided before-
hand which TPU is the Master TPU and this information is previ-
ously stored in the control unit.

According to an embodiment of the invention, the safety equip-
ment comprises an emergency stop device and the control unit
is adapted to receive information of from all TPU:s, which are
simultaneously connected to the safety system, about whether
the emergency stop device of the TPU is activated or deacti-
vated, and to emergency stop the robot, if the received informa-
tion indicates that the emergency stop device of at least one of
the TPU’s, connected to the safety system, is activated. This
embodiment further increases the safety in a cell with more than
one user, since it makes it possible to provide all the users with
a TPU having an functioning emergency stop device, which
works independently of the emergency stop devices of the other
TPU:s. Thus, it is possible for all the users in the cell to emer-
gency stop the robot.
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According to an embodiment of the invention, the control unit is
adapted to upon order change authorities between the TPU:s, so
that the Master TPU does no longer have a master authority and
another of the TPU:s connected to the safety system instead
becomes the Master TPU and have the master authority. In
some situations it is a desire to switch the manual control of the
robot to another user in the cell. This embodiment makes it pos-
sible to change authorities between the TPU:s so that another of
the TPU:s in the cell instead becomes the Master TPU.

According to an embodiment of the invention, the system allows
TPU:s connected to the safety system to be assigned at least
two different levels of authority, wherein the highest level of au-
thority is a master authority. For example, the master authority
allows the user to start and stop a robot program, and to move
the robot by means of the joystick. For example, a second level
of authority allows the user to view data, but not to control the
robot. Due to the connection to the safety system, the safety
equipment of the TPU is enabled and thereby the enabling de-
vice and the emergency stop device are in function.

According to an embodiment of the invention, the system is
adapted to allow a remote TPU to be connected to the control
unit, but not to the safety system. The remote TPU is assigned a
third level of authority. When a TPU is connected to the control
unit, it is to be understood that a communication link is estab-
lished between the TPU and the control unit. For example, the
third level of authority may allow the user to communicate with
the control unit and to view data from the control unit, but not to
control the movements of robot, or to affect the safety system.
This embodiment makes it possible to connect a TPU located
outside the robot cell to the control unit and allows the user of
the TPU to view data from the control unit. However, for safety
reasons, the remote TPU is not allowed to affect the movements
of the manipulator, to emergency stop the robot, or to enable or
disable movement of the manipulator. It would be very danger-
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ous if a TPU located outside the robot cell were allowed to con-
trol the movements of the manipulator if there are other users
inside the robot cell.

According to an embodiment of the invention, the control unit is
adapted to check whether a move command, received from one
of the TPU:s, is issued by the Master TPU, and to move the ro-
bot according to the move instruction if the move command is
issued by the Master TPU, and to not move the robot if the move
command is issued by a TPU which is not the Master TPU. In
order to improve the safety, each received move command is
checked to find out whether it was issued by the Master TPU or
not. If a move command is not issued by the Master TPU, the
command is not executed.

According to an embodiment of the invention, the control unit
comprises a storage area for storing the identity and authority of
the TPU:s and the control unit is adapted to receive and store
information about the identity and authority from each TPU con-
nected to the control unit. Preferably, the control system is
adapted to store the new authorities of the TPU:s in the storage
area, upon the order to change the authorities between the
TPU:s. Thus, the control unit will always have an updated au-
thority matrix, which makes it easy keep track on which TPU:s
are connected to the control unit at the moment and the authori-
ties of the connected TPU:s.

According to an embodiment of the invention, the control unit is
adapted to receive move commands from the TPU:s, wherein
each move command includes information about the identity of
the TPU that issued the move command, to check whether the
identity, included in the move command, is equal to the stored
identity of the Master TPU, and to move the robot according to
the move instruction if the identity included in the move com-
mand is equal to the identity of the Master TPU, and to not move
the robot if the identity included in the move command is not
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equal to the identity of the Master TPU. Each move command
issued by a TPU should contain the identity of the TPU, and the
control unit checks whether a move command received from one
of the TPU:s, is issued by the Master TPU, by comparing the
identity contained in the received move command with the iden-
tity of the Master TPU stored in the authority matrix.

The invention is applicable for TPU:s, which are physically con-
nected to the control unit by means of cables as well as for wire-
lessly connected TPU:s. However, due to the risk for twisted ca-
bles, when more than one TPU is in the cell at the same time, it
is to prefer to if the TPU:s are wirelessly connected to the con-
trol unit.

According to one aspect of the invention this object is achieved
with a method as defined in claim 12.

According to a further aspect of the invention, the object is
achieved by a computer program directly loadable into the inter-
nal memory of a computer or a processor, comprising software
code portions for performing the steps of the method according
to the appended set of method claims, when the program is run
on a computer.

According to another aspect of the invention, the object is
achieved by a computer readable medium having a program re-
corded thereon, when the program is to make a computer per-
form the steps of the method according to the appended set of
method claims, and the program is run on the computer.

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.
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Fig. 1 shows an industrial robot system according to an em-
bodiment of the invention.

Fig. 2 shows schematically a block diagram of a robot control
unit according to an embodiment of the invention.

Fig. 3 shows an example of an enabling circuit.
Fig. 4 shows an example of an emergency stop circuit.

Fig. 5 shows schematically a block diagram of a TPU according
to an embodiment of the invention.

Figs. 6a-d show flow diagrams of a method for controlling an in-
dustrial robot system, according to an embodiment of the
invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
OF THE INVENTION

Figure 1 shows an industrial robot system comprising an indus-
trial robot located within a robot cell 1 surrounded by a safety
arrangement, for example a fence or a photo-electric trip device.
A robot cell is a defined safe area surrounding the manipulator.
Within the robot cell certain safety rules are applied. One safety
rule is for example that the safety equipment of the TPU must
function within the robot cell. The robot system includes a ma-
nipulator 2, a control unit 3 for controlling the manipulator, and a
plurality of portable operator control devices 5a-d, in the follow-
ing denoted TPU:s (Teach Pendant Unit) for teaching and manu-
ally operating the manipulator. The TPU:s are communicating
with the control unit 3 via a wireless data link. It should be noted
that in another embodiment of the invention, the TPU:s are con-
nected to the control unit 3 by means of cables.
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Each TPU 5a-d comprises a portable box 9 including a display
screen 10, function keys, a joystick 12, an enabling device 14
and an emergency stop device 15. The TPU also includes an
antenna for wireless communication with the control unit 3. The
function keys permit the operator to select various states for the
control system. The joystick 12 is used for controlling the
movement of the manipulator when the robot is in manual opera-
tion mode. The enabling device 14 comprises a button, which
has to be pressed down by the operator to enable control of the
robot by the TPU. When the operator releases the button of the
enabling device 14, the robot can no longer be operated by the
TPU. The emergency stop button 15 causes an emergency stop
upon activation. The enabling device 14 and the emergency stop
device 15 is a part of the safety equipment of the TPU.

In figure 1, there are four operators, each equipped with a TPU
5a-d connected to the control unit 3. It is to be understood that
connected to the TPU means that the operator has been logged
in to the control unit 3 and is able to communicate with the con-
trol unit 3 and to send and receive data from the control unit.
Three of the TPU:s 5a-c are located inside the robot cell and
one TPU 5d is located outside the cell.

For safety reasons, the number of TPU:s allowed to be simulta-
neously connected to the control unit, or to the safety system,
could be limited.

In this embodiment of the invention, the robot system allows a
TPU to be assigned three different levels of authorities: master
authority, safety authority, and remote authority. The master au-
thority is the highest level of authority and allows the TPU to be
connected to the safety system of the control unit, i.e. allows
enabling of the safety equipment of the TPU, and allows the op-
erator to manually operate the robot, for example to move the
manipulator with the joystick, and to start and stop robot pro-
grams. The safety authority is a lower level of authority, and al-
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lows the TPU to be connected to the safety system of the control
unit, to communicate with the control unit and view data from the
control unit, but not to manually operate the robot. The remote
authority is the lowest level of authority, and allows the user to
communicate with the control unit and view data from the control
unit, but does not allow the operator to manually operate the ro-
bot, and it does not allow the TPU to be connected to the safety
system of the control unit, which means that the safety equip-
ment of the TPU does not function.

According to the safety rules, a TPU located outside the robot
cell must have the Remote authority, and a TPU located inside
the robot cell must have either the Master authority or the Safety
authority. However, only one of the TPU:s located inside the cell
is allowed to have the Master authority, the other TPU:s inside
the cell must have the safety authority. In this embodiment of
the invention it is possible to change the authority so that an-
other of the TPU:s connected to the safety system become the
Master TPU. For example, the operator communicates a desired
authority to the control system during a login procedure. Which
one of the TPU:s is the master could be negotiated at the login
procedure.

The control unit is adapted to receive and store information
about which of the simultaneously connected TPU:s has master
authority and accordingly is Master TPU, to change the authority
of the Master TPU to a lower level of authority, and to change
the authority of another of the connected TPU: to the master au-
thority. The TPU:s continuously send information about the
status of the enabling devices, i.e. information about whether
the enabling devices are activated or not, and information about
the status of the emergency stop devices, i.e. information about
whether the emergency stop devices are activated or not.

Figure 2 shows by means of a block diagram a robot control unit
3a according to an embodiment of the invention. The robot con-
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trol unit includes communication means (not shown) for commu-
nicating with the TPU:s, a processor unit 20, such as a central
processing unit (CPU) for executing software modules of the in-
vention and stored robot programs, memory means 22, including
a storage area 24 for storing an authority matrix, a login module
26 for handling login of the TPU:s to the control unit, a logout
module 27 for handling logout of the TPU:s from the control unit,
a TPU authority handler 28, which updates the authority matrix
upon order of change of authority, and checks whether a move
command is issue by a TPU having the authority therefore, and
a safety system 30.

Each TPU has a unique identity, which, for example, is trans-
ferred to the control unit together with the desired authority
upon login to the control unit. The authority matrix is a list in-
cluding the identity of all TPU:s, which are connected to the con-
trol unit, and the authority of the TPU:s. The login handler 26
receives the identity and authority of the TPU during the login
procedure and stores the identity and authority of the TPU in the
authority matrix. The logout handler 27 removes the identity and
authority of the TPU from the authority matrix upon receiving a
logout order and disconnects the TPU from the safety system
30. The login handler 26 is also adapted to check whether the
user is authorized to login to the control system or not based on
stored information about authorization of the users.

The authority handler 28 is adapted to, upon order from the
TPU:s, change the authorities between two of the TPU:s, one of
which is the Master TPU, so that the Master TPU does no longer
have the master authority, and the other TPU instead becomes
the Master TPU and accordingly has the master authority. The
authority handler receives information from at least one of the
two TPU:s about the change of authorities and the identity of the
new Master TPU, and based thereon updates the authority ma-
trix with the new authorities. In order to increase the safety, it is
advantageous if one of the two TPU:s, which are changing au-
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thorities, sends an change order to the control unit and the other
TPU sends a confirmation of the change to the control unit befo-
re the authorities are changed.

The authority handler 28 is also adapted to receive move com-
mands from the TPU:s, wherein the move commands includes
information about the identity of the TPU that issued the move
command, to check whether the identity, included in the move
command, is equal to the identity of the Master TPU, as stored
in the authority matrix, and to allow the robot to move according
to the move instruction, if the identity included in the move com-
mand is equal to the identity of the Master TPU, and to not allow
the robot to move if the identity included in the move command
is not equal to the identity of the Master TPU. A move command
is for example a move command issued by the joystick 12, an
order to start running a robot program including move instruc-
tions, or an order to stop running the robot program. The author-
ity handler sends information to the CPU about whether or not
the move command is allowed to be executed or not.

The safety system 30 of the control unit includes an enabling
module 31, an emergency stop module 32, an enabling chain 33,
and an emergency stop chain 34. The enabling module and the
emergency stop module holds information about which TPU:s
are connected to the safety system. The enabling module con-
tinuously, or repeatedly within a certain time frame, receives in-
formation from all the TPU:s, which are simultaneously con-
nected to said safety system, about whether the enabling de-
vices of the TPU:s are activated or deactivated. The enabling
module generates an enabling signal ED indicating whether
manual movement of the robot is permitted or not. The enabling
signal ED is transferred to the enabling chain 33. The enabling
signal ED enables manual movement of the manipulator if the
received information indicates that the enabling devices for all
TPU’s connected to the safety system are simultaneously acti-
vated and does not enable manual movement of the manipulator
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if the information received indicates that at least one of the ena-
bling devices connected to the safety system is deactivated. In-
formation about the enabling signal ED is also communicated to
the CPU. If the authority handler has allowed a move command,
and the enabling signal enables manual movement, the CPU
executes the move command,; otherwise the move command is
not executed.

An example of the enabling chain 33 is shown in figure 3. The
enabling chain 33 comprises a switch 36 that is opened or
closed in dependence on the enabling signal EC. The enabling
chain 33 is connected to the motors M of the robot. When the
enabling chain is broken, the brakes are applied to the motors
and the robot no longer controls the motors. The enabling chain
has to be activated before any user is allowed to operate the ro-
bot by the TPU. The enabling chain is for example activated
when manual operation mode of the robot is selected. Activation
of the enabling chain means that manual operation of the robot
is enabled. Accordingly, when the enabling chain is activated,
the enabling devices of the TPU:s connected to the safety sys-
tem is operatable. If the enabling circuit has been activated, the
enabling chain 33 is opened or closed in dependence on
whether the enabling signal ED enables manual movement of
the robot or not. Accordingly, it is only possible to operate the
robot by means of the Master TPU if the enabling devices for all
TPU’s connected to the safety system are simultaneously acti-
vate by the users.

The emergency stop module 32 continuously receives informa-
tion from all the TPU:s, which are simultaneously connected to
the safety system, about whether the emergency stop devices of
the TPU:s are activated or deactivated. The emergency stop
module generates an emergency stop signal EV, indicating
whether the robot should be emergency stopped or not. The
emergency stop signal ES indicates that the robot shall be
emergency stopped, if the emergency stop device of at least one
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of the TPU’s, connected to the safety system, is activated, and
indicates that the robot shall not be emergency stopped if non of
the emergency stop device connected to the safety system is
activated. The emergency stop signal ES is transferred to the
emergency stop chain 34. An example of the emergency stop
chain 34 is shown in figure 34. The emergency stop chain 34
comprises a switch 38 that is opened or closed in dependence
on the emergency stop signal EV. The emergency stop chain 34
is connected to the brakes B of the robot. When emergency stop
chain 34 is broken, the brakes are applied to the motors.

In this embodiment of the invention, the login handler 26, the
logout handler 27, the authority handler 28, the enabling check
module 31, and the emergency stop check module 32 are soft-
ware modules. Alternatively they can be implemented in hard-
ware or a combination of software and hardware.

Figure 5 shows by means of a block diagram a TPU 5a-d ac-
cording to an embodiment of the invention. The TPU includes
communication means (not shown) for communicating with the
control unit 3, a central processor unit 40, memory means 42, an
authority handler 44, and a safety circuit 46. The authority han-
dler 44 handles authority issues, such as to communicate the
desired authority to the control unit during the login procedure,
to send an order about a change of the authority to the control
unit, and to accept or deny a request regarding change of au-
thority received from another TPU. The authority handler 44 also
handles the communication with the operator regarding selection
of level of authority and change of level of authority. The safety
equipment includes a safety circuit 46 comprising the emer-
gency stop button 15 and the enabling device 14, which both are
switches. The safety circuit 46 is closed when the enabling de-
vice 14 is activated and the stop button 15 is not activated.

Figure 6a-e are a flow diagrams illustrating a method and a
computer program for coupling a wireless TPU to a robot con-
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troller, according to an embodiment of the present invention. It
will be understood that each block of the flow diagram can be
implemented by computer program instructions, which are exe-
cuted by the central processing unit 20 of the control unit. A
presumption is that a communication link has been established
between the TPU:s and the control unit. The method according
to the invention is event driven, which means that a certain se-
quence of method steps are executed based on a certain event.
The events are for example: a login command is received from
one of the TPU:s, a move command is received from one of the
TPU:s, an emergency stop order is received from one of the
TPU:s, an order to change authority is received from one of the
TPU:s, and a logout command is received from one of the
TPU:s. In the following it will be described, with reference to the
flow diagrams 6a-e, what will happen in the control unit when
those events occurs.

Figure 6a shows the login procedure. When the operator picks
up the TPU and begins to use it, he enters information about his
identity and a desired level of authority to the system. The TPU
sends a login command to the control unit including a request to
connect the TPU to the control unit, the identity of the operator,
a password, the identity of the TPU, and the desired level of au-
thority of the TPU. The control unit receives the login command,
block 50, and checks if the operator is authorized to be logged
in to the control unit, block 52. If the check reveals that the op-
erator is authorized and the password is correct the operator is
logged in to and connected to the control unit, block 54. If the
desired authority is the master authority, the authority handler
28 of the control unit checks whether any other TPU connected
to the control unit already has been assigned the master author-
ity. If so, the TPU is denied the master authority and is informed
about that. If no other TPU has the master authority, or if a
lower level of authority is claimed, the identity of the TPU and
the level of authorization are stored in the authority matrix,
block 56.
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If the level of authority is a remote authority the login procedure
is finished, otherwise the TPU is connected to the safety sys-
tem, block 58, 60. Upon connection to the safety system, the
identity of the TPU is communicated to the safety system. The
safety system enables the safety equipment of the TPU, which
means that the enabling device and the emergency stop device
of the TPU is functioning, block 62. The safety equipment of a
TPU with a remote authority does not function, i.e. it is not pos-
sible to emergency stop the robot by activating the emergency
stop button on the TPU, and it is not possible to enabling motion
of the manipulator by activating the enabling button.

Figure 6b shows a procedure for handling move commands from
the TPU:s. The control unit continuously receives information
about the status of the enabling devices from all TPU:s con-
nected to the safety system, block 70. The status includes ena-
bling device activated or deactivated. When the control unit re-
ceives a command from any of the TPU:s, block 72, the control
system is adapted to perform a check whether the TPU is al-
lowed to issue this type of command or not according to its au-
thority, block 74. Each command received from the TPU in-
cludes the identity of the TPU that issued the command. Infor-
mation of the authority of the TPU, which issued the command,
is found in the authority matrix. If the check shows that the TPU
does not have the authority to issue the command, the command
is ignored and the TPU is informed thereof, block 76.

For example, if the control system receives a command involv-
ing a movement of the manipulator, or any other command,
which is only allowed to be issued by the Master TPU, the com-
mand is ignored if the authority check shows the TPU does not
have the master authority, block 76. If the enabling devices for
all TPU:s connected to the safety system are activated, the ena-
bling chain of the safety system is closed, block 78, 80, which
means that it is possible to move the manipulator. If any of the
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enabling devices of the TPU:s connected to the safety system is
deactivated, the enabling chain remains open and the move
command is not executed. If the command involves a movement
of the manipulator, if the command included the identity of the
master TPU, and the enabling devices for all TPU:s connected
to the safety system are activated, the move command is exe-
cuted, block 82.

Figure 6¢ shows a procedure for an emergency stop command
from one of the TPU:s. The control unit continuously receives
information about the status of the emergency stop devices from
all TPU:s connected to the safety system, block 90. The status
includes emergency stop activated or deactivated. The control
system is adapted to detect whether the received status indi-
cates that the emergency stop device of any of the TPU:s con-
nected to the safety system is activated, block 92. If the control
unit detects that one or more of the emergency stop device are
activated, the emergency stop chain is closed and the robot is
emergency stopped.

Figure 6d shows a procedure for handling an order for changing
the authority of two TPU:s. In this example, a TPU having a
safety authority wants to change to the master authority, and the
TPU having the master authority wants to change to the safety
authority. It is also possible to order a change from a remote au-
thority to a safety authority and vice versa. The control unit re-
ceives a request for changing the authority to master authority
from a TPU having a safety level of authority, block 96. The con-
trol unit sends an inquiry to the Maser TPU about the change,
block 98. The master TPU can choose to grant or deny the re-
quest. The control system receives the answer from the Master
TPU, block 100. If the Master TPU grants the request, the new
authorities are stored in the authority matrix. If the Master TPU
denies the request, the authorities are not changed.
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Figure 6e shows a logout procedure. When the control system
receives a logout command from the TPU, block 110, the control
system removes the identity and authority of the TPU from the
authority matrix, block 112. Further, the control system discon-
nects the TPU from the safety system and logs out the operator
from the control system, block 114. The safety equipment of the
TPU does no longer function and the operator can no longer
view data from the control unit.

According to an embodiment of the invention, the robot system
is adapted to emergency stop the robot and log out all TPU:s
from the control unit if an error occurs with a TPU connected to
the safety system. Thereafter, all the TPU:s have to log in again
to the control unit.

The term comprises/comprising when used in this specification
is taken to specify the presence of stated features, integers,
steps or components. However, the term does not preclude the
presence or addition of one or more additional features, inte-
gers, steps or components or groups thereof.

The present invention is not limited to the embodiments dis-
closed but may be varied and modified within the scope of the
following claims. For example the number of TPU:s may vary in
dependence on the number of operators.
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CLAIMS

1. An industrial robot system comprising:

an industrial robot including at least one manipulator (2)
and a control unit (3) for controlling the manipulator, and

at least two portable operator control devices (5a-d), called
hereafter TPU:s, for manually operating the robot, each TPU
comprising safety equipment including a manually operated
enabling device (14), which upon activation enables manual
movement of the robot by means of the TPU, and the control
unit comprises a safety system (33,34) which upon connection
enables the safety equipment of the TPU, characterized in that
the system is adapted to simultaneously connect said TPU:s to
the safety system of the control unit, wherein one of the TPU:s
is given a master authority, called hereafter a Master TPU, and
the control unit is adapted

to receive information from all TPU:s, which are simultane-
ously connected to said safety system, about whether the ena-
bling device of the TPU is activated or deactivated,

to permit manual movement of the robot by the Master TPU
if said received information indicates that the enabling devices
for all TPU’s connected to the safety system are simultaneously
activated,

to not permit manual movement of the Master TPU if said
information received indicates that at least one of the enabling
devices is deactivated, and

to not permit manual movement of the robot by any other
TPU than the Master TPU.

2. The industrial robot system according to claim 1, wherein
said safety equipment comprises an emergency stop device (15)
and the control unit is adapted

to receive information of from all TPU:s, which are simulta-
neously connected to said safety system, about whether the
emergency stop device of the TPU is activated or deactivated,
and
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to emergency stop the robot, if said received information
indicates that the emergency stop device of at least one of the
TPU’s, connected to the safety system, is activated.

3. The industrial robot system according to claim 1 or 2,
wherein the control unit is adapted to upon order change au-
thorities between the TPU:s, so that the Master TPU does no
longer have a master authority and another of the TPU:s con-
nected to the safety system instead becomes the Master TPU
and have the master authority.

4. The industrial robot system according to claim 3, wherein the
control unit is adapted to receive information from at least one
of the TPU:s about the change of authorities and the identity of
the new Master TPU.

5. The industrial robot system according to any of the previous
claims, wherein the system allows TPU:s connected to the
safety system to be assigned at least two different levels of au-
thority, wherein the highest level of authority is master authority.

6. The industrial robot system according claim 5, wherein the
system is adapted to allow a remote TPU to be connected to the
control unit, but not to the safety system, and to assign the re-
mote TPU a third level of authority.

7. The industrial robot system according to any of the previous
claims, wherein the control unit is adapted

to check whether a move command, received from one of
the TPU:s, is issued by the Master TPU, and

to move the robot according to the move instruction if the
move command is issued by the Master TPU, and to not move
the robot if the move command is issued by a TPU which is not
the Master TPU.
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8. The industrial robot system according to any of the previous
claims, wherein the control unit comprises a storage area (24)
for storing the identity and authority of the TPU:s, and the con-
trol unit is adapted to receive and store information about the
identity and authority for each TPU connected to the control
unit.

9. The industrial robot system according to claim 3 and 8,
wherein the control system is adapted to upon said order to
change the authorities between the TPU:s store the new authori-
ties of the TPU:s in said storage area.

10. The industrial robot system according to claim 8 or 9,
wherein the control unit is adapted

to receive move commands from the TPU:s, wherein the
move commands include information about the identity of the
TPU that issued the move command,

to check whether the identity, included in the move com-
mand, is equal to the stored identity of the Master TPU, and

to move the robot according to the move instruction if the
identity included in the move command is equal to the identity of
the Master TPU, and to not move the robot if the identity in-
cluded in the move command is not equal to the identity of the
Master TPU.

11. The industrial robot system according to any of the previous
claims, wherein the TPU:s are adapted to communicate wire-
lessly with the control unit.

12. A method for controlling an industrial robot system including
an industrial robot comprising at least one manipulator and a
control unit for controlling the manipulator, and at least two port-
able operator control devices, called hereafter TPU:s, for manu-
ally operating the robot, each TPU comprising safety equipment
including a manually operated enabling device, which upon acti-
vation enables manual movement of the robot by means of the
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TPU, and the control unit comprises a safety system which upon
connection enables the safety equipment of the TPU, character-
ized in that the method comprises:

connecting the TPU:s to said safety system so that they are
simultaneously connected to the safety system,

receiving information about which of the connected TPU:s
has master authority and accordingly is Master TPU,

receiving information from all TPU:s, which are simultane-
ously connected to said safety system, about whether the ena-
bling device of the TPU is activated or deactivated,

receiving a move command from one of the connected
TPU:s,

deciding whether the move command is issued by the Mas-
ter TPU or not,

executing the move command if the move command is is-
sued by the Master TPU and said received information indicates
that the enabling devices for all TPU’s connected to the safety
system are simultaneously activated, otherwise not executing
the move command.

13. A method according to claim 12, wherein said safety equip-
ment comprises an emergency stop device and the method fur-
ther comprises:

receiving information of from all TPU:s, which are simulta-
neously connected to said safety system, about whether the
emergency stop device of the TPU is activated or deactivated,
and

executing an emergency stop of the robot, if said received
information indicates that the emergency stop device of at least
one of the TPU’s connected to the safety system is activated.

14. The method according to claim 13, wherein the method com-
prises receiving an order to change the authorities between the
TPU:s, and based thereon changing the authorities so that the
Master TPU does no longer have the master authority and an-
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other of the TPU:s connected to the safety system instead be-
comes the Master TPU and have the master authority.

15. The method according to any of claims 12-14, wherein the
method comprises receiving information about the identity and
authority of the TPU:s connected to the control unit and saving
the identity and authority of the connected TPU:s.

16. The method according to claim 14 and 15, wherein said or-
der to change the authorities comprises information of the iden-
tity of the new Master TPU, and the method comprises: chang-
ing the authority of the Master TPU to a lower level of authority,
changing the authority of the new Master TPU to the master au-
thority, and storing the new authorities.

17. The method according to claim 16, wherein said move com-
mands include information about the identity of the TPU that is-
sued the move command, and the method comprises checking
whether the identity, included in the move command, is equal to
the stored identity of the Master TPU, and moving the robot ac-
cording to the move instruction if the identity included in the
move command is equal to the identity of the Master TPU, and
to not move the robot if the identity included in the move com-
mand is not equal to the identity of the Master TPU.

18. The method according to any of claims 12-17, wherein the
TPU:s are assigned at least two different levels of authority,
wherein the highest level of authority is the master authority.

19. The method according to claim 18, wherein the TPU:s are
assigned at least three different levels of authority, wherein the
lowest level of authority is a remote authority, which allows the
TPU to view data from the control unit, but not to be connected
to the safety system.
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20. A computer program directly loadable into the internal mem-
ory of a computer, comprising software for performing the steps
of any of claims 12-19.

21. A computer readable medium, having a program recorded
thereon, where the program is to make a computer perform the
steps of any of claims 12-19, when said program is run on the
computer.
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