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(57) Abstract: The present invention relates to an industrial
robot system comprising a manipulator (1), a robot controller
(2) configured to control the movements of the manipulator
based on jog commands during a manual mode, an enabling
unit (7) including an enabling device, and the enabling unit
is configured to transfer information regarding the state of
the enabling device to the robot controller, and the robot
controller controls the movements of the manipulator during
manual mode in dependence on the state of the enabling
device. The system further comprises at least two general
purpose devices (6, 8) each including a user interface adap-
ted to allow jogging of the manipulator, an authorization
handler contigured to send a request to the robot controller
for authorization to take over control of the robot during
manual mode,and a jog command module configured to send
jog commands to the robot controller in response to user in-
teractions with the user interface. The robot controller is
configured to grant or deny the requests for authorization,
and to control the movements of the manipulator during
manual mode based on the received jog commands provided
that the general purpose device sending the jog commands
has been authorized control of the robot during manual
mode.
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AN INDUSTRIAL ROBOT SYSTEM COMPRISING AN ENABLING UNIT AND A PLURALITY
OF GENERAL PURPOSE DEVICES AND A METHOD FOR CONTROLLING THE ROBOT SYS-
TEM

Field of the invention

The present invention relates to an industrial robot system comprising a manipulator
movable about a plurality of axes, a robot controller, and an enabling unit connected
to the robot controller, including an enabling switch that has to be activated to ena-
ble jogging of the robot. The present invention also relates to a method for control-
ling the industrial robot system.

Prior Art

An industrial robot includes a robot controller and a manipulator, and is programmed
to carry out work along a predetermined operating path. In order to program or teach
the robot the work, the manipulator is manually moved to positions along a desired
operating path. These positions are stored as instructions in a memory in the robot
controller. A robot program is generated, using the specified positions. During opera-
tion of the robot, the robot program is executed, thereby making the manipulator
operate as desired.

Existing practice for on-line or teach-in programming of a robot involves teaching the
robot operating path by manually moving the manipulator along the path by means
of a portable user operated client device, generally denoted a Teach Pendant Unit
(TPU). To manually move the manipulator is often called to jog the manipulator. The
person teaching the robot is denoted an operator or a user. Almost all robot control-
lers on the market today include a teach pendant unit, which is typically defined as a
device for jogging and programming a robot. The teach pendant unit includes opera-
tor control means, for example, a joystick, a ball, or a set of buttons, which the opera-
tor uses to instruct the robot movement. The teach pendant unit further comprises a
visual display unit, an emergency stop button, and an enabling device and might also
include a mode-switch device. The enabling device is, for example, a dead man switch
or a push button, which has to be pressed by the operator to enable manual control
of the robot by the teach pendant unit. The TPU generates information on user in-
structed movements for the manipulator and sends the jog information and infor-
mation on the state of the enabling device to the robot controller. The robot control-
ler controls the movements of the manipulator based on jog information received
from the teach pendant unit and in dependence on the state of the enabling device.
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The teach pendant unit may also be used for monitoring the robot program, changing
certain variables in the program, starting, stopping and editing the program or switch-
ing between different controller modes, such as Manual or Automatic.

An industrial robot can be operated in manual mode and automatic mode. The robot
controller is provided with a switch for switching between manual mode and auto-
matic mode. When the robot is in automatic mode, the movements of the robot are
controlled in accordance with a control program running on a robot controller. When
the robot is in manual mode, the movements of the robot are controlled by the teach
pendant unit. When the robot is switched to automatic mode, then jogging of the
robot from the teach pendant is often restricted.

W02007/054435 discloses a robot system including a manipulator, a robot controller
for controlling the manipulator and a plurality of teach pendant units, which are
adapted to be simultaneously connected to a safety system of the robot controller.
One of the teach pendant units is a Master TPU, and the robot controller is adapted
to receive information from all teach pendant units, which are simultaneously con-
nected to the safety system, about whether the enabling device of the teach pendant
unit is activated or deactivated, to permit manual movement of the robot by the
Master TPU, if the received information indicates that the enabling devices for all
teach pendant units 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 Master TPU. This makes it possible
for two or more teach pendant units to be simultaneously connected to the safety
system of the robot controller. This means that a plurality of operators in a robot cell
can be provided with a teach pendant unit connected to the safety system.

As such, teach pendant units are complex, expensive, and proprietary devices. They
are delivered with each robot controller and are a continual source of cost and
maintenance for an end-user operator. In certain circumstances, having a teach pen-
dant is an undesirable feature of a robot controller. This is exemplified when a robot
is to be integrated as part of a more complex machine. These machines will have their
own user interfaces and operator panels for setup, commissioning, and programming
where the robot is only a small part of the whole. The presence of the robot teach
pendant presents a problem as it is necessary to operate the robot in manual mode,
but unnecessary when operating from the normal machine panel. Robot controllers
are not designed to allow manual operations without a connected teach pendant.
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Many machine builders choose then to hide the robot teach pendant and bring it out
only when the robot has an issue that can only be solved on the teach pendant.

It is well known in the industry to connect panels and PC’s to a robot controller. Pan-
els are added for Operator Interfaces while PC’s are often added to provide additional
sensor interfaces or run-time command-and-control operations of the robot control-
ler. In these cases there is still always a teach pendant unit connected to the robot
controller. Recently, newer devices, such as commercial-off-the-shelf phones and
tablets have appeared on the market. Robot manufacturers and end-users have
started experimenting with possible ways to allow these devices to connect to the
robot controller as well.

US2010/0092032 discloses a user operable robot control terminal that may be used
by a user to control operation of a robot. The robot control terminal may take a varie-
ty of forms including desktop, or personal computer, laptop computers, workstations,
main frame computers, handheld computing units, such as personal digital assistance,
web-enabled devices, cellular phones, etc.

Object and summary of the invention

One object of the present invention is to reduce costs and maintenance for an indus-
trial robot system. Another object is to provide a robot system without the need of a
teach pendant unit for teaching and programming the robot.

According to a first aspect of the invention, the object of the invention is achieved by
an industrial robot system as defined in claim 1.

The industrial robot system comprises a manipulator movable about a plurality of
axes, a robot controller configured to control the movements of the manipulator
based on a robot control program during automatic mode and based on jog com-
mands during manual mode, an enabling unit connected to the robot controller and
including an enabling device that has to be activated to enable jogging of the robot,
and the enabling unit is configured to transfer information regarding the state of the
enabling device to the robot controller. The robot controller is configured to receive
information regarding the state of the enabling device from the enabling unit. The
system further comprises at least two general purpose devices adapted to communi-
cate with the robot controller, each of the general purpose devices including a user
interface adapted to allow jogging of the manipulator, an authorization handler con-
figured to send a request to the robot controller for authorization to take over control
the robot during manual mode, and a jog command module configured to send jog
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commands to the robot controller in response to user interactions with the user in-
terface. The enabling unit and the general purpose devices are separate devices each
comprised in a respective individual housing. The robot controller is configured to
receive the requests for authorization from the general purpose devices, to grant or
deny the requests for authorization, to receive the jog commands from the general
purpose devices, and to control the movements of the manipulator during manual
mode based on the received jog commands in dependence on the state of the ena-
bling device and provided that the general purpose device sending the jog commands
has been authorized control of the robot during manual mode.

A teach pendant unit is a special purpose device and can only be used in connection
with control of an industrial robot. A general purpose device is a device that can be
used in a large number of applications and is not designed for a special purpose. The
general purpose devices must have the ability to receive inputs from a user, for ex-
ample, inputs from a key board, physical buttons, a touch screen, a pointing device,
voices, eye movement, or gestures, and to evaluate the inputs. Further, the general
purpose devices must possess the possibility to add functionality, for example, to
download software modules, such as apps. The functionality that has to be added to
the general purpose devices is the ability to request authorization to take over con-
trol the robot during manual mode and to jog the manipulator.

According to the invention, the client devices are provided with software that adapts
the user interfaces to allow jogging of the manipulator, for example, to enable a user
to input jog instructions to the device. To be able to jog the manipulator, the general
purpose devices are provided with software modules that adapt the existing user in-
terfaces of the devices to allow jogging of the manipulator and sends jog commands
to the robot controller in response to user interactions with the user interface. The
software modules are running on the general purpose devices. Thereby, the existing
user interfaces on the client devices can be used for jogging the manipulator. The
software modules can easily be downloaded by the general purpose devices, for ex-
ample, from the Internet, from the robot controller itself, or other sources. The pre-
sent invention makes it possible to use a general purpose device to jog the manipula-
tor, such as a smart phone, a tablet, a personal digital assistant (PDA), a lap top com-
puter, personal computer, a panel computer, interactive glasses, a gesture recogni-
tion unit, or the like, equipped with appropriate software for jogging the manipulator.
By using a general purpose device, it is possible to reduce the costs of the robot sys-
tem in that available and readily accessible hardware is utilized. The robot is jogged
via the existing user interfaces of the general purpose devices, such as touch screens
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and buttons on the device. Thus, it is possible to provide jogging of the robot from
any general purpose device having a user interface.

The present invention, shows how a robot controller and associated general purpose
devices, such as phones, PC’s, panels, and tablets, can be built in order to provide a
complete robot system that does not need a teach pendant. The robot controller is
provided with software for coordinating the general purpose devices and the ena-
bling unit to work together, and together fulfill the same functions as in a teach pen-
dant unit. Thus, the robot system does no longer need a teach pendant unit. This
saves money for the end-user and the manufacturer as well as providing an easier-to-
use system.

In opposite to the teach pendant unit, the general purpose devices are not provided
with an enabling device. To fulfil safety demands, jogging of the robot should only be
allowed when an operator activates the enabling device. According to the invention, a
separate enabling unit is used together with the general purpose device to jog the
manipulator. The enabling unit comprises an enabling device, but lacks the ability to
jog the manipulator. The enabling device is, for example, a dead-man switch. The en-
abling unit is located close to the robot controller and is physically or wirelessly con-
nected to the robot controller. The enabling unit transfers information regarding the
state of the enabling device to the robot controller. In order to allow an operator to
jog the manipulator by means of the general purpose device, the enabling device on
the enabling unit must be activated, typically by pushing and holding down the ena-
bling device. The robot controller receives information regarding the state of an ena-
bling device from the enabling unit, and is configured to enable jogging of the manip-
ulator in dependence on the state of the enabling device on the enabling unit. By
providing a separate enabling unit it is made possible to use a general purpose device
for jogging the manipulator.

The enabling unit does not need to have the ability of jogging the manipulator, and
the general purpose devices do not need any enabling device. This means that the
enabling unit does not need a display unit or a joystick or any other devices for in-
structing robot movements. The enabling unit may only comprise one or more
switches and possibly some push buttons. Consequently, the enabling unit can be a
fairly non-complex and inexpensive device. It is also possible to design the enabling
unit to be small and light-weight such that the operator easily can hold and manoeu-
vre the enabling unit.
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The present invention makes it possible to have multiple general purpose devices
with the ability to control the robot when the robot controller is in manual mode. The
general purpose devices are able to load and run appropriate software to request
authorization to take over control the robot during manual mode and for jogging the
manipulator, and the robot controller is provided with software to handle the re-
quests, i.e. to allow or deny the requests. This means, for example, that each opera-
tor can use his own cell phone to jog the manipulator.

The present invention also makes it possible to allow remote jogging of the robot by
an operator at a remote site. The operator located at the remote site must cooperate
with another operator at local site including the manipulator. The remote operator
has a general purpose device provided with appropriate software for jogging the ma-
nipulator and to request authorization to take over control the robot, and the local
operator has an enabling unit connected to the robot controller. The remote operator
generates jog commands via the user interface of the general purpose device, and the
local operator enables or disables jogging by activating or deactivating the enabling
device on the enabling unit.

According to an embodiment of the invention, the general purpose devices are
handheld, such as smart phones, table computers, and personal digital assistants. To
facilitate the jogging, it is advantageous to use a handheld general purpose device so
that the device can be easily held by the operator while jogging the manipulator. For
example, the operator may operate the enabling unit with one hand and the general
purpose device with the other hand.

According to an embodiment of the invention, the user interface of each of the gen-
eral purpose devices is adapted to allow a user to modify the robot control program,
and the robot controller is configured to authorize the general purpose devices to jog
the manipulator as well as to modify the robot control program via the adapted user
interfaces of the general purpose devices. The client devices load and run software
that adapts the user interfaces to allow a user to modify the robot control program
and to inform the robot controller of the modifications. This embodiment makes it
possible to provide for jogging and modification of the robot control program via the
user interfaces of the general purpose devices.

According to an embodiment of the invention, the user interface of each of the gen-
eral purpose devices is adapted to allow a user to modify input and output signals to
the robot controller and configuration parameters of the robot controller, and the
robot controller is configured to authorize the general purpose devices to modify the
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robot input and output signals, and configuration parameters via the user interfaces
of the general purpose devices. The client devices load and run software that adapts
their user interfaces to allow a user to modify input and output signals to the robot
controller, and to inform the robot controller of the modifications. This embodiment
also makes it possible to provide for modification of the I/O system of the robot con-
troller and configuration parameters of the robot controller. The robot controller is
responsible for handling multiple inputs and outputs to the robot controller, such as
tool control signals, feeding device signals, and conveyor signals.

According to an embodiment of the invention, the robot controller is configured to
check that no other general purpose device has been granted control over the robot
upon receiving the request, and to deny the request if another general purpose de-
vice has already been granted control over the robot. The robot controller allows
each general purpose device to negotiate the rights to jog the manipulator and to
perform the functions that were previously associated with the permanently attached
teach pendant unit.

According to an embodiment of the invention, the robot controller is configured to
send a reply to the general purpose device requesting authorization to inform wheth-
er the request was granted or denied, and the general purpose device is configured to
inform a user of the general purpose device whether control of the robot was granted
or denied upon receiving the reply.

According to an embodiment of the invention, the authorization handler is configured
to send credentials of the user to the robot controller and the robot controller com-
prises a user authorization module configured to check credentials received from the
general purpose devices, and the robot controller is configured to deny the request if
the check of the credentials was not successful. With credentials is meant any type of
information which can be used as evidence of entitlement to log in to the controllers.
Possible credentials can include but are not limited to: password and username, a
smart card, biometric identification, tokens, or digitally signed files. Many other types
of credentials are possible. The operator inputs credentials to the authorization han-
dler, which sends the credentials to the robot controller that checks the credentials in
order to confirm that the person sending the request to the controller is authorized.
The robot controller denies the request if the check of the credentials was not suc-
cessful, i.e. the credentials were not correct, or the operator is not authorized to con-
trol the robot. This embodiment increases the safety of the system.
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According to an embodiment of the invention, the system comprises a confirmation
member located in the vicinity of the manipulator and separated from the general
purpose devices The robot controller is configured to receive an ok-signal when the
confirmation member is activated, and the robot controller is configured to deny the
request for authorization if the ok-signal is not received within a certain time limit
from the point in time the request for authorization was received. In a remote sys-
tem, it is not enough to have authorized credentials to allow remote jogging of the
robot. An operator on the local site must also give his approval to allow the remote
device control over the robot during manual mode. The approval is given by providing
proof of local access to the robot controller. The providing of proof of local access is a
confirmation of physical presences of an operator to the robot controller. The opera-
tor giving the approval must be physically on the local site in order to be able to give
his approval. In this embodiment of the invention, a confirmation member is used to
confirm local presence of an operator. The robot controller is configured to deny the
request for authorization to control the robot during manual mode if the ok-signal is
not received within a certain time limit from the point in time the request for authori-
zation was received. Accordingly, a more safe and secure access to manual control of
robot is achieved. A further advantage achieved is that the operator on the local site
may control when the operator on the remote site is allowed manual control of the
robot depending on the situation on the local site.

According to an embodiment of the invention, the confirmation member is provided
on the enabling unit, and the enabling unit is configured to send an ok-signal to the
robot controller upon activation of the confirmation member. By providing the con-
firmation member on the enabling unit, operation of the switch is facilitated for the
operator on the local site, since the local operator also needs to access the enabling
device on the enabling unit.

According to an embodiment of the invention, the robot controller comprises a timer
and the robot controller is configured to:

- start the timer upon receiving a request for authorization to take over control of the
robot from any of the general purpose devices,

- wait to receive information on whether a check of credentials sent from the general
purpose device was successful or not,

- stop the timer and deny the request if the check of the credentials was not success-
ful,

- wait to receive an ok-signal from the confirmation member,

- if an ok-signal is received within a certain time limit counted from the start of the
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timer, the request is granted, otherwise the timer is stopped and the request is de-
nied, and

- send a reply to the general purpose device to inform whether the request was
granted or denied. This embodiment achieves a safe and secure access to manual
control of the robot.

According to an embodiment of the invention, the robot controller is configured to
receive information about the state of the enabling device, and to cease the granted
authorization upon receiving information that the enabling device is deactivated. By
deactivating the enabling device, a local operator can easily cease a granted authori-
zation of a remote operator to control the robot during manual mode. This embodi-
ment makes it possible for a local operator to quickly disconnect any remote client
that has been authorized control the robot in response to local conditions, and to
restart the process of authorizing another general purpose device.

According to an embodiment of the invention, the enabling unit is connected to the
robot controller via a wire, and the general purpose devices are in wireless communi-
cation with the robot controller. By connecting the enabling unit with a wire to the
robot controller it certain to which controller the enabling unit is connected. Thus,
there is no need to initiate a tedious and complex procedure for ensuring that a given
enabling unit is actually associated with the correct robot controller. Only one wire is
needed since the general purpose devices are in wireless communication with the
robot controller.

According to an embodiment of the invention, the system comprises at least two ma-
nipulators and one or more robot controllers controlling the movements of the ma-
nipulators, and each manipulator is provided with an enabling unit connected to the
robot controller controlling the movements of the manipulator. The same general
purpose devices can be used to jog different manipulators by cooperating with differ-
ent enabling units. Each of the enabling units is connected to a robot controller con-
trolling the movements of the manipulator to be jogged.

According to an embodiment of the invention, the enabling unit is designed to be
removably attached to one of the general purpose devices for enabling handling of
the two devices as a single unit. Alternatively, the system comprises fastening means
arranged to removably attach the enabling unit to one of the general purpose devices
for enabling handling of the two devices as a single unit. The enabling unit and the
general purpose device, which are arranged in two individual and separate housings,
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can be attached together by suitable mechanical fastening means to enable the han-
dling of the two devices as a single unit yet enabling fast detaching when need arises.
For example, the enabling is designed as a holder or docketing unit for one of the
general purpose devices. For example, the fastening means may comprise a rack ar-
ranged to receive the enabling unit and one of the general purpose devices. Alterna-
tively, the enabling unit may comprise a docking station arranged to physically re-
ceive the general purpose device. This facilitates handling of the enabling unit and the
general purpose device by one operator. This embodiment is advantageous when the
robot is manually controlled at a local site.

According to a second aspect of the present invention, the object of the invention is
achieved by a method for controlling an industrial robot system according to claim
13.

The method comprises:
- receiving a request for authorization to take over control the robot during
manual mode from one of the general purpose devices,
- checking that no other general purpose device has been granted control over
the robot, and based thereon grant or deny the request for authorization,
- informing a user of the general purpose device requesting authorization
whether control of the robot was granted or not,
- receiving information regarding the state of the enabling device from the ena-
bling unit,
- receiving jog commands from one of the general purpose devices, and
- allowing movements the manipulator based on the received jog commands in
dependence on the state of the enabling device and provided that the general
purpose device sending the jog commands is authorized control the robot.

According to an embodiment of the invention, the authorization to control the robot
comprises authorization for jogging the manipulator as well as for modifying the ro-
bot control program via the user interface of the general purpose device.

According to an embodiment of the invention, the method comprises;
- receiving user credentials from the general purpose device that sent the re-
quest,
- checking the credentials received from the general purpose device, and
- denying the request for authorization if the check of the credentials was not
successful.
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According to an embodiment of the invention, a confirmation member is located in
the vicinity of the manipulator and separated from the general purpose devices, and
the method comprises:
- receiving an ok-signal when the confirmation member is activated, and
- denying the request for authorization if the ok-signal is not received within a
certain time limit from the point in time the request for authorization was re-
ceived.

According to an embodiment of the invention, the method comprises:
- starting a timer upon receiving a request for authorization to take over control
of the robot,
- stopping the timer and denying the request if another general purpose device
has already been granted control over the robot, otherwise
- receiving user credentials from the general purpose device that sent the re-
quest,
- performing a check of the credentials in order to determine whether the user is
allowed to control the robot,
- stopping the timer and denying the request if the check of the credentials was
not successful, otherwise
- waiting to receive the ok-signal, and
- if the ok-signal is received within a certain time limit counted from the start of
the timer, the request for authorization is granted, otherwise the timer is
stopped and the request is denied, and
- sending a reply to inform the general purpose device whether the request was
granted or denied.

Brief description of the drawings

The invention will now be explained more closely by the description of different em-
bodiments of the invention and with reference to the appended figures.

Fig. 1 shows a first example of an industrial robot system according to the invention.

Fig. 2 shows a first example of an enabling unit.

Fig. 3 shows a second example of an enabling unit designed as a holder for a client
device.

Fig. 4 shows block diagrams of an industrial robot system according to an embodi-
ment of the invention.
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Fig. 5 shows a second example of an industrial robot system according to the inven-
tion.

Fig. 6 shows a third example of an industrial robot system according to the invention.

Detailed description of preferred embodiments of the invention

Figure 1 shows a first example of an industrial robot system according to the inven-
tion. The industrial robot system comprises an industrial robot including a manipula-
tor 1 movable about a plurality of axes and a robot controller 2 configured to control
the movements of the manipulator. The number of axes of the manipulator may be
two or more. The robot is located within a robot cell 4 surrounded by a safety ar-
rangement, for example, a fence. The robot controller 2 is provided with a switch 5
for switching between manual mode and automatic mode. When the robot is in au-
tomatic mode, the movements of the robot are controlled in accordance with a con-
trol program running on the robot controller. When the robot is in manual mode, the
movements of the robot are manually controlled by a human operator. When the
robot is switched to automatic mode, it may no longer be possible to manually con-
trol the robot.

The industrial robot system further comprises an enabling unit 7 connected to the
robot controller. Figure 2 shows the enabling unit 7 in more details. Figure 3 shows
another example of an enabling unit 10, which will be described later. In this embod-
iment, the enabling unit 7 is connected to the robot controller 2 via a wire. Alterna-
tively, the enabling unit 7 can be wirelessly connected to the robot controller. Prefer-
ably, the enabling unit is portable and handheld. The enabling unit 7 is provided with
an enabling device 9 that has to be activated to enable jogging of the robot. The ena-
bling device is, for example, a dead man switch or a push button, which has to be
pressed and hold by the operator to enable manual control of the robot. The enabling
unit 7 is configured to transfer information regarding the state of the enabling device
to the robot controller 2. The robot controller 2 is configured to receive information
regarding the state of the enabling device 9, i.e. whether the enabling device is acti-
vated or not, from the enabling unit 7 and to control the movements of the manipula-
tor 1 during manual mode in dependence on the state of the enabling device.

The enabling unit 7 can be connected to a safety system of the robot controller.
When the enabling unit 7 is connected to the safety system of the robot controller,
the enabling function of the robot is activated, which means that the enabling device
9 of the enabling unit is put into function. Jogging of the manipulator is enabled when
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the enabling device is activated and the controller is in manual mode, and jogging of
the manipulator is disabled when the enabling device is not activated or the control-
ler is in automatic mode. When the enabling function is activated, the robot control-
ler may allow jogging of the robot provided that the enabling device 9 is pressed. The
enabling unit 7 may also be provided with an emergency stop button. However, the
enabling unit 7 does not have any display unit or any user interface to allow jogging of
the manipulator, for example, the enabling unit does not have a joy stick or jog but-
tons.

The system further comprises at least two user operable client devices in the form of
general purpose devices adapted to communicate with the robot controller. The
communication with the robot controller can be wireless or via a wire. The number of
client devices may vary and is not limited. The client devices can, for example, be
smart phones, tablets, personal digital assistants (PDA), lap top computers, personal
computers (PC), panel computers, interactive glasses, or the like. The enabling unit 7
and the client devices are separate devices, each comprised in a respective individual
housing. In the embodiment example shown in figure 1, one client device is a smart
phone 8 located in the robot cell 4 and another client device is a laptop computer 6
located outside the robot cell.

The client devices are provided with additional software to make it possible to jog the
manipulator with the client devices. Each client device is provided with one or more
software modules adapted to configure the existing user interface of the device to
enable a user to input jog instructions to the device, and to generate and send jog
commands to the robot controller in response to user interactions with the user in-
terface. The software modules are running on the general purpose devices.

Each of the client devices includes a user interface, such as a touch screen, a display
device, a keyboard, mouse etc., which makes it possible for a user to communicate
with the robot controller. The user interfaces of the client devices are adapted to al-
low jogging of the manipulator. To achieve the adaption, the client devices are pro-
vided with software that configures the user interfaces to allow jogging of the manip-
ulator by means of the user interface. The design of the software depends on which
type of user interface of client device. Thereby, the existing user interfaces on the
client devices can be used for jogging the manipulator. For example, the touch screen
of the smart phone 8 and the display screen, key board, and mouse of the laptop
computer 6 can be used for jogging the manipulator.
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In order to be allowed to jog the manipulator, the client device must ask for permis-
sion to jog the manipulator from the robot controller. Therefore, each of the client
devices is provided with software configured to send a request to the robot controller
for authorization to take over control the robot during manual mode, such as to jog
the manipulator and modify the robot control program by means of the client device,
and to handle the communication with the robot controller regarding the request.
The robot controller 2 is configured to receive requests for authorization from the
client devices, to grant or deny the requests for authorization, to receive the jog
commands from the client devices, and to control the movements of the manipulator
1 during manual mode based on the received jog commands provided that the gen-
eral purpose device sending the jog commands has been authorized control of the
robot during manual mode.

The client device is capable of communicating with the robot controller 2 over a fac-
tory network or another direct network, such as GPRS. For example, a service engi-
neer is provided with a computer located at a remote site and capable of communi-
cating with the robot controllers via a network. The operator in the robot cell holds
the smart phone 8 in his left hand and the enabling unit 7 in his right hand. The inven-
tion makes it possible for the service engineer to remotely jog the manipulator from
the personal computer 6, while the operator located in the robot cell activates the
enabling device 9.

Although the enabling unit and the client devices are physically separated devices,
they can be detachably connected to each other. If the client device is portable, such
as a smart phone or a tablet computer, and is to be used in the robot cell by a single
operator, as shown in figure 1, it is an advantage that the client device and the ena-
bling unit can be attached to each other to enable handling of the two devices as a
single unit. In one embodiment of the invention, the robot system may comprise fas-
tening means for removably attaching the client device to the enabling unit, for ex-
ample, by Velcro closing. In another embodiment of the invention, the enabling unit
is designed as a holder or docking-station for the client device, to facilitate using of
the client device together with the enabling unit. The tablet holder or docking station
can be ergonomically designed so that the enabling device can be held at the same
time as the combined enabling unit and client device is held in one or both hands. The
hand or fingers that are free are then used to operate the user interface of the client
device, such as, the tablet or smart phone. The holder portion of the enabling unit
may also include some active elements, such as power, provided by batteries or a
cable, and other communications means for network and video communications,
such as wired and wireless Ethernet, HDMA, VGA.
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Figure 3 shows another example of an enabling unit 10 designed as a holder for a cli-
ent device in the form of a smart phone 8. The enabling unit 10 includes an enabling
device 12, in the form of a dead man switch, and an emergency stop button 13. The
enabling unit 10 further comprises a confirmation member 14 in the form of a switch
or button. The smart phone 8 includes a touch screen 16 which displays a user inter-
face configured for jogging the manipulator. The operator jogs the robot by interact-
ing with the user interface displayed on the screen 16. The smart phone is further
provided with a wake up button 17.

In case one or more of the client devices is remotely located, or at least located out-
side the robot cell, it is advantageous that the system comprises a confirmation
member 14 located in the vicinity of the manipulator, i.e. inside the robot cell, and
physically separated from the client devices, i.e. not permanently attached or con-
nected to the client devices. The purpose of the confirmation member 14 is to en-
hance the safety in the robot cell in that an operator inside the robot cell must con-
firm his approval before the robot controller 2 may grant a request for authorization
from any of the client devices. The confirmation member 14 comprises, for example,
a switch or a button, and is configured to generate an ok-signal upon activation. Suit-
ably, the confirmation member 14 is located on the enabling unit, as shown in figure
3 and 4. Alternatively, the enabling device 9 can be used as the confirmation member
14. For example, the ok-signal is generated when the operator carries out a sequence
of actions on the enabling device, such as a double click on the enabling device. How-
ever, it is also possible to locate the confirmation member 14 on the robot controller
2, or at any other suitable place inside the robot cell.

The ok-signal is transmitted to the robot controller. The robot controller 2 is config-
ured to receive the ok-signal when the confirmation member is activated, and the
robot controller is configured to deny a request for authorization if the ok-signal is
not received within a certain time limit from the point in time the request for authori-
zation was received. The robot controller 2 is allowed to grant the request for author-
ization provided that the ok-signal is received within a certain time limit from the
point in time the request for authorization was received.

Figure 4 shows block diagrams of an industrial robot system according to an embodi-
ment of the invention. The system comprises a manipulator 1, a robot controller 2, an
enabling unit 30, and a plurality of user operable client devices 20, 22 in the form of
general purpose devices. The client devices 20, 22 are wirelessly connected to the
control unit 2.
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Each of the client devices includes a user interface 24, for example a touch screen,
and a jog command module 26 configured to adapt the user interface 24 to allow a
user to instruct jogging of the manipulator, for example to display a interface for jog-
ging the manipulator on the touch screen, and to generate and send jog commands
to the robot controller 2 in response to user interactions with the user interface, and
an authorization handler 28 configured to send a request to the robot controller 2 for
authorization to take over control the robot during manual mode. Alternatively, each
client device include two software module, one software module for adapting the
user interface to allow jogging and another software module for generating and send-
ing the jog commands.

The authorization handler 28 is also configured to send credentials of the user, such
as user name and password, to the robot controller. The jog command module 26 is
further configured to receive a reply from the robot controller and to inform a user of
the client device whether the request was granted or denied upon receiving the re-
ply. The jog command module 26 and the authorization handler 28 are software
modules uploaded to the client devices 20, 22, for example, software applications
(Apps) which can be down loaded from the Internet or from the robot controller it-
self, or any other source. These can be in many forms, including, but not limited to,
.NET, Java, HTMLS5, lJavascript, Flash, or native applications for the general purpose
device. The software modules are run on the general purpose devices.

As an example, if the general purpose device includes a standard web browser, the
web browser may retrieve the necessary software modules, for example, from the
robot controller using a normal HTTP GET request. From this point the software
modules may run inside the web browser or outside the web browser depending up-
on the modules and settings of general purpose device.

The enabling unit 30 is connected to the robot controller 2 via a cable 31, and provid-
ed with an enabling device 9 that has to be activated to enable jogging of the robot
and a confirmation member 14. The enabling unit 30 comprises a confirmation mod-
ule 32 configured to generate an ok-signal upon activation of the confirmation mem-
ber 14. The enabling unit 30 also comprises a communication unit 33 configured to
transfer information regarding the state of the enabling device and the ok-signal to
the robot controller 2.

The robot controller 2 includes hardware, such as a processing unit, for example a
CPU, memory and data storage, for running software module and to communicate
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with external units. The robot controller 2 comprises a communication unit 36 for
providing communication with the client devices 20, 22 and the enabling unit 30, and
a session handler 38. The session handler 38 allows each client device to “negotiate”
the rights to resources and grants necessary to perform the functions that were pre-
viously associated with the permanently attached teach pendant, such as to take over
the control of the robot motions during manual mode. The session handler 38 is con-
figured to receive the requests for authorization to take over control of the robot
from the client devices 20, 22, and to grant or deny the requests for authorization.
The session handler 38 is also configured to checks whether any other client device
has been granted control over the robot, and to grant or deny the requests for au-
thorization based thereon. In some cases, two client devices can be allowed simulta-
neous control of the robot during manual mode. However, in most cases only one
client device at a time is allowed manual control of the manipulator. The session han-
dler 38 is configured to receive the ok-signal when the confirmation member is acti-
vated, and to deny the request for authorization if the ok-signal is not received within
a certain time limit from the point in time the request for authorization was received.
The session handler 38 is configured to send a reply to the client device, which has
requested authorization, to inform whether the request was granted or denied. The
session handler continuously receives information about the state of the enabling
device.

The robot controller 2 also comprises a user authorization module 40 configured to
check credentials received from the client devices. The authentication module 40 is
configured to provide authentication check of the credentials, i.e. to validate the cre-
dentials in order to confirm that the person sending the request to the controller is
the correct person and if they are authorized. The session handler 38 is configured to
deny the request if the authentication check of the credentials was not successful and
to grant the request provided that the check was successful.

The robot controller further comprises an enable module 42 configured to receive
information regarding the state of the enabling device 9 from the enabling unit 30,
and to enable or disable jogging of the manipulator 1 based on the state of the ena-
bling device. The enabling unit is part of the safety system of the robot. The enabling
unit is preferably implemented by hardware.

The robot controller further comprises a jogging module 44 configured to receive jog
commands from the client devices, and to control the movements of the manipulator
during manual mode based on the received jog commands if the client device has
been authorized control of the robot and the enabling module 42 has enabled jogging
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of the manipulator. The session handler 38, the jogging module 44 and the authenti-
cation module 40 are preferably implemented as software modules.

The robot controller comprises a timer 46, and the session handler 38 is configured to
start the timer upon receiving a request for authorization to take over control of the
robot from any of the client devices, to wait to receive information on whether a
check of credentials sent from the general purpose device was successful or not, to
stop the timer and deny the request if the check of the credentials was not success-
ful, to wait to receive an ok-signal from said confirmation member. If an ok-signal is
received within a certain time limit counted from the start of the timer, the request is
granted, otherwise the timer is stopped and the request is denied. Alternatively, the
session handler 38 is configured to check whether any of the other client devices has
already been granted control over the robot, and to stop the timer and deny the re-
quest if another general purpose device has already been granted control over the
robot, unless both client devices are allowed to simultaneously control the robot dur-
ing manual mode.

In an embodiment of the invention, the software running on the client devices is con-
structed to allow a user to also modify the robot control program, 1/0 signals, and
configuration parameters of the robot controller, and the robot controller is config-
ured to authorize the client devices to jog the manipulator as well as to monitoring,
to start and stop, and to edit the robot program the robot control program via the
adapted user interfaces of the general purpose devices. Thus, the client devices can
be used for monitoring the robot program, changing certain variables in the program,
starting, stopping, and editing the robot program and setting 1/0 and configuration
parameters. In such a case, it can be advantageous to simultaneously allow more
than one client device control of the robot during manual mode. For example, the
operator may use a PC for modifying the control program and a smart phone for jog-
ging the manipulator. In this embodiment, there is no permanently attached teach
pendant, any of the connected (wired or wireless) client devices (Panels, PC’s, tablets,
phones) may take on the role of jogging and modifying the robot program, 1/0, or
configuration.

The session handler 38 handles the requests received from the client devices. In the
following an example is described of a method for handling the requests, carried out
by the session handler. When a client device sends a request to take over the control
of the robot, the session handler receives the request. The session handler checks
that the controller is in manual mode. If the controller is in manual mode the session
handler starts a timer upon receiving the request. The session handler checks that no
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other client device has been granted control over the robot, or simultaneous control
is allowed for the client devices. If another client device has already been granted
control over the robot and simultaneous control is not allowed, the request is denied
and the timer is stopped, otherwise the session handler waits for the client device to
send credentials of the user of the client device. When the credentials are received,
the credentials are checked by the user authorization module 40. The session handler
receives the result of the user authorization check, and if the authorization was suc-
cessful, the session handler waits for an ok-signal from the confirmation member 14,
otherwise the request is denied and the timer is stopped. If an ok-signal is received
within a certain time limit, for example 10s, counted from the start of the timer, the
request is accepted and the client device is informed accordingly. If no ok-signal is
received within the time limit, the request is denied. As soon as the enabling device is
deactivated, the granted authorization to control the robot is ceased, and the client
device in charge is informed accordingly.

Figure 5 shows an example of an industrial robot system according to the invention
and including three robots, each robot including a manipulator and a robot controller.
The robot system comprises three manipulators 1a-c, and three robot controllers 2a-
¢, each controlling the movements of one of the manipulators. Each robot controller
is connected to an enabling unit 10a-c for enabling manual control of the manipulator
connected to the controller. Each robot controller is provided with a session handler.
The system further comprises a plurality of client devices, in the form of smart
phones 8a-b, provided with additional software for jogging the manipulator and to
send a request to the robot controller for authorization to take over control the robot
during manual mode. An operator can use his own smart phone to jog any of the ma-
nipulators. If the operator intends to jog another robot in the system, he only has to
use the enabling unit of the other robot and send a request to take over control of
the robot to the robot controller connected to the enabling unit.

Figure 6 shows another example of an industrial robot system according to the inven-
tion. The robot system includes two manipulators 1a-b, a positioner 50 movable
about on axis, a robot controller 52 configured to control the movements of the ma-
nipulators 1a-b as well as the positioner 50. The robot controller 52 is provided with a
session handler. The robot system further includes an enabling unit 7, and two client
devices, in the form of a stationary PC 54, and a tablet computer 56, in communica-
tion with the robot controller 52. In this example a single enabling unit is used for all
manipulators and axes connected to the single robot controller. The client devices are
provided with additional software to make it possible to jog the manipulator with the
client devices, to modify the robot control program and input and output to the robot
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by means of the client devices, and to send a request to the robot controller for au-
thorization to take over control of the robot during manual mode. This embodiment
enables an operator to control the operation of a plurality of manipulators and axes
in the same robot cell.

In another embodiment of the invention, the enabling unit can be a TPU working to-
gether with multiple general purpose devices. Additionally, the TPU can be modified
to include an authorization handler allowing it to request authorization to jog the
manipulator together with the general purpose devices.

The present invention is not limited to the embodiments disclosed but may be varied
and modified within the scope of the following claims. There is no limit to the number
of client devices in the robot system. Two or more user operable client devices may
be used.
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Claims

1. Anindustrial robot system comprising:
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- a manipulator (1; 1a-c) movable about a plurality of axes,

- a robot controller (2; 2a-c; 52) configured to control the movements of the ma-
nipulator based on jog commands during a manual mode,

- an enabling unit (7; 10; 10a-c; 30) including an enabling device (9) that has to be
activated to enable jogging of the robot, and the enabling unit is configured to
transfer information regarding the state of the enabling device to the robot con-
troller, and the robot controller is configured to control the movements of the
manipulator during manual mode in dependence on the state of the enabling de-
vice, characterized in that the system further comprises at least two general pur-

pose devices (6, 8, 8a-b, 54, 56) configured to communicate with the robot con-
troller, each of the general purpose devices including a user interface (16;24)
adapted to allow jogging of the manipulator, an authorization handler (26) con-
figured to send a request to the robot controller for authorization to take over
control of the robot during manual mode, and a jog command module (28) con-
figured to send jog commands to the robot controller in response to user interac-
tions with the user interface, the enabling unit and the general purpose devices
are separate devices each comprised in a respective individual housing, and the
robot controller is configured to receive said requests for authorization from the
general purpose devices, to grant or deny the requests for authorization, to re-
ceive said jog commands from the general purpose devices, and to control the
movements of the manipulator during manual mode based on the received jog
commands provided that the general purpose device sending the jog commands
has been authorized control of the robot during manual mode.

The robot system according to claim 1, wherein the enabling unit (7; 10; 10a-c;
30) lacks the ability to jog the manipulator (1) and the general purpose devices
(6, 8, 8a-b, 54, 56) do not have any enabling devices that has to be activated to
enable jogging of the manipulator.

The robot system according to claim 1 or 2, wherein the general purpose devices
(6, 8, 8a-b, 54, 56) are any of a smart phone, a tablet computer, a personal digi-
tal assistant, a lap top computer, a personal computer, a panel computer, a ges-
ture recognition device, or interactive glasses.

The robot system according to any of the previous claims, wherein the user in-
terface (16; 24) of each of the general purpose devices is adapted to allow a user
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to modify the robot control program, and the robot controller (2; 2a-c) is config-
ured to authorize the general purpose devices to jog the manipulator as well as
to modify the robot control program via the user interfaces of the general pur-
pose devices.

The robot system according to any of the previous claims, wherein said authori-
zation handler (26) is configured to send credentials of the user to the robot
controller (2) and the robot controller (2) comprises a user authorization module
(40) configured to check credentials received from the general purpose devices,
and the robot controller is configured to deny the request if the check of the
credentials was not successful.

The robot system according to any of the previous claims, wherein the system
comprises a confirmation member (14) located in the vicinity of the manipulator
(1) and physically separated from the general purpose devices (6, 8, 8a-b, 54,
56), the robot controller (2) is configured to receive an ok-signal when the con-
firmation member is activated, and the robot controller is configured to deny
the request for authorization if the ok-signal is not received within a certain time
limit from the point in time the request for authorization was received.

The robot system according to claim 6, wherein said confirmation member (14)
is provided on the enabling unit (10; 13) and the enabling unit is configured to
send an ok-signal to the robot controller (2) upon activation of the confirmation
member.

The robot system according to claim 6 or 7, wherein the robot controller (2)
comprises a timer (46) and the robot controller is configured to:

- start the timer upon receiving a request for authorization to take over control
of the robot from any of the general purpose devices (6, 8, 8a-b, 54, 56),

- wait to receive information on whether a check of credentials sent from the
general purpose device was successful or not,

- stop the timer and deny the request if the check of the credentials was not
successful,

- wait to receive an ok-signal from said confirmation member (14),

- grant the request if a ok-signal is received within a certain time limit counted
from the start of the timer,

- stop the timer and deny the request if no ok-signal is received within the cer-
tain time limit, and
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10.

11.

12.

13

- send a reply to the general purpose device to inform whether the request was
granted or denied.

The robot system according to any of the previous claims, wherein the robot
controller (2;2a-c) is configured to receive information about the state of the
enabling device (9), and to cease the granted authorization upon receiving in-
formation that the enabling device is deactivated.

The robot system according to any of the previous claims, wherein the enabling
unit (7; 10a-b; 30) is connected to the robot controller (2) via a wire (31), and
the general purpose devices (8; 8a-b) are in wireless communication with the
robot controller.

The robot system according to any of the previous claims, wherein the system
comprises at least two manipulators (1a-c) and at least two robot controllers
(2a-c) controlling the movements of the manipulators, and each manipulator is
provided with an enabling unit (10a-c) connected to the robot controller control-
ling the movements of the manipulator.

The robot system according to any of the previous claims, wherein the enabling
unit (10) is designed to removably attach one of the general purpose devices to
the enabling unit to enable handling of the two devices as a single unit.

. A method for controlling an industrial robot system comprising a manipulator

(1;1a-c) movable about a plurality of axes, a robot controller (2;2a-c) configured
to control the movements of the manipulator based on jog commands during a
manual mode, an enabling unit (7; 10; 10a-c; 3) including an enabling device (9)
that has to be activated to enable jogging of the robot, and at least two general
purpose devices (6, 8, 8a-b, 54, 56), each including a user interface (16;24)
adapted for jogging the manipulator, wherein the method comprises:

- receiving a request for authorization to take over control the robot during
manual mode from one of the general purpose devices,

- checking that no other general purpose device has been granted control over
the robot, and based thereon grant or deny the request for authorization,

- informing a user of the general purpose device requesting authorization
whether control of the robot was granted or not,

- receiving information regarding the state of the enabling device from the ena-
bling unit,

- receiving jog commands from one of the general purpose devices, and
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- allowing movements the manipulator based on the received jog commands in
dependence on the state of the enabling device provided that the general pur-
pose device sending the jog commands is authorized control of the robot.

14. The method according to claim 13, wherein said authorization to control the ro-

bot comprises authorization for jogging the manipulator as well as for modifying
the robot control program via the user interface of the general purpose device.

15. The method according to any of the claims 13 - 14, wherein a confirmation

member is located in the vicinity of the manipulator and separated from the
general purpose devices, and the method comprises:

- receiving an ok-signal when the confirmation member is activated, and

- denying the request for authorization if the ok-signal is not received within a
certain time limit from the point in time the request for authorization was re-
ceived.

16. The method according to claim 15, wherein the method comprises:

- starting a timer upon receiving a request for authorization to take over control
of the robot,

- stopping the timer and denying the request if another general purpose device
has already been granted control over the robot, otherwise

- receiving user credentials from the general purpose device that sent the re-
quest,

- performing a check of the credentials in order to determine whether the user is
allowed to control the robot,

- stopping the timer and denying the request if the check of the credentials was
not successful, otherwise

- waiting to receive an ok-signal, and

- granting the request for authorization if an ok-signal is received within a cer-
tain time limit counted from the start of the timer,

- stopping the timer and denying the request if the ok-signal is not received
within the certain time limit, and

- sending a reply to inform the general purpose device whether the request was
granted or denied.

17. The method according to any of the claims 13 - 16, wherein the granted authori-

zation is ceased upon receiving information that the enabling device is deac-
tivated.
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