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Description

Field of the invention

[0001] The present invention relates to industrial ro-
bots and has been developed with particular reference
being paid to devices used for carrying out the program-
ming or "teaching” of industrial robots.

State of the art

[0002] The activity of programming of a robot basically
consists in teaching the robot the path that a point of its
movable structure must repeat automatically in the
course of the normal working steps, to execute a certain
operation. Said point is typically represented by the so-
called "Tool Center Point"(TCP), which identifies in gen-
eral the position of the active part of the tool mounted on
the wrist of the robot, i.e., the part that executes the op-
eration and that is defined by an operator in a convenient
way according to the application. For example, in the
case of an operation of arc welding, the TCP is located
on the tip of the welding torch at the end of the welding
wire; in sealing applications, the TCP is instead at a noz-
zle for outlet of the sealant, whilst, for applications that
provides for the use of an electric spot-welding gun, the
TCP corresponds to one of the two electrodes or an in-
termediate point between them.

[0003] An industrial robot can then operate at least in
an automatic mode and in a manual mode, usually se-
lectable on the control unit of the robot. When the manual
mode is selected, for example for the purposes of pro-
gramming or teaching, the robot can be manoeuvred via
commands imparted by a portable programming device,
known as "teach pendant”. Instead, when the automatic-
operating mode is selected, the movement of the robot
is governed only by the control unit.

[0004] The majority of the programming time is dedi-
cated to manual control of the robot, in order to identify
the points deemed optimal of the paths of movement of
the TCP, and store the corresponding co-ordinatesthere-
of. For this purpose the teach pendant is used, which
typically comprises a display and a series of pushbuttons,
used for manoeuvring and programming the robot. The
teach pendant is in general connected to the control unit
by means of a long cable that enables the operator to
move into the proximity of the working area of the robot,
in order to be able to verify accurately the points and
paths of the TCP. Also known are teach pendants con-
nected to the control unit of the robot in wireless mode.
[0005] Formanual control of the variations of the pos-
ture of the robot, the operator uses specific pushbuttons
of the teach pendant, known as jog pushbuttons or keys,
which govern the movement of one or more axes of the
robot. By acting on the jog buttons of the teach pendant,
the TCP can be moved in a specific positive or negative
direction in the range of a reference system selected by
the operator from among a plurality of possible reference
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systems. In an anthropomorphic robot with six degrees
of freedom, there are typically envisaged at least the
"Joints", "Base", and "Tool" reference systems, where
the "Joints" system is referenced to the joints of the robot
(a vector in said system represents the angular positions
of each of the joints), and the "Base" and "Tool" systems
are cartesian reference systems, the former being refer-
enced to the base of the robot and the latter to the tool
mounted on the flange of the wrist of the robot.

[0006] In order to follow the TCP closely and make a
visual check on positioning thereof, the operator moves
continuously around the robot: by so doing, the operator
moves evidently also with respect to the origins of the
aforesaid reference systems, and this complicates to a
certain extent the activity of programming, also in view
of the fact that the operator is each time called upon to
select the reference system that he wishes to use.
[0007] In order to render the activity of programming
of the robot more intuitive, it has also been proposed to
equip the robot with a manual guide device, mounted
directly on the movable structure of the robot. Known
devices of this type, generally based upon the use of a
force/torque sensor connected to the control unit of the
robot or else to the corresponding teach pendant via
wired connection, are inconvenient to install, relatively
cumbersome and costly, and their modalities of interfac-
ing to the control system of the robot are frequently com-
plex. These disadvantages also have the consequence
of rendering the transferability of the guide device from
one robot to another laborious, for example in the cases
where a number of robots of one and the same working
environment are to be programmed.

[0008] A robot system having the features of the pre-
amble of claim 1 is known from US 6212443 A.

Summary of the invention

[0009] Inthe light of what is set forth above, the object
of the present invention is basically to provide a robot
system equipped with a manual guide device that is easy
to install, simple to use, and inexpensive to produce, as
wellasbeingconvenientandfasttointerfaceto a portable
programming terminal or teach pendant. The correlated
object of the invention isto provide a manual guide device
that can be transferred in a simple and fast way from one
robot to another, for the purposes of the corresponding
programming operations.

[0010] The above and other purposes, which will
emerge clearly hereinafter, are achieved according to
the invention by a robot system and by a manual guide
device for a robot having the characteristics indicated in
the annexed claims. The claims form an integral part of
the technical teaching provided herein in relation to the
invention.

Brief description of the drawings

[0011] Further purposes, characteristics and advan-
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tages of the present invention will emerge clearly from
the ensuing desctription andthe annexed drawings, which
are provided purely by way of explanatory and non-lim-
iting example and in which:

- Figure 1 is a schematic illustration of a robot system
according to the invention;

- Figure 2 is a schematic illustration of a portable pro-
gramming terminal of the system of Figure 1;

- Figure 3illustrates with a simplified block diagram a
possible control architecture of a robot of the system
of Figure 1;

- Figures 4 and 5 are schematic perspective illustra-
tions of two possible practical implementations of a
device formanual guiding of the robots of the system
of Figure 1;

- Figure 6 is a schematic view of an example of instal-
lation of the device of Figure 5; and

- Figures 7 and 8 are schematic representations in
plan view of two machining cells, each implementing
a robot system according to the invention.

Description of preferred embodiments

[0012] Represented schematically in Figure 1 is a ro-
bot system according to the invention, comprising a robot
1 having a structure 2 that is movable according to a
number of degrees of freedom. Inthe example illustrated,
the robot is an anthropomorphic robot having a base 3
and a column 4 mounted so that it can turn on the base
3 about a first axis A1 directed vertically. Designated by
5 is an arm mounted oscillating on the column 4 about a
second axis A2 directed horizontally. Designated by 7 is
a forearm mounted on the arm 5 about a third axis A3,
which is also directed horizontally. The forearm 7 more-
over has the possibility of turning about its axis A4, which
consequently constitutes a fourth axis of movement of
the robot 1, and is equipped at its end with a wrist 10,
mounted forthe movement according to two axes A5 and
AB. Associated to the terminal flange of the wrist 10 is a
tool or end effector, designated by 13, which in the ex-
ample is represented by a welding torch with correspond-
ing wire. As explained in the introductory part of the
present description, the end of the end effector 13 con-
stitutes a so-called "Tool Center Point" (TCP).

[0013] According to a technique in itself known, the
movement of each of the movable parts 4, 5, 7 and 10
of the structure 2 is controlled by a respective electric
motor with corresponding gear-reducing transmission.
The movements of the structure 2 and the operations of
the end effector 13 are managed by a control unit, des-
ignated by 14 in Figure 1, which is in a remote position
with respect to the structure 2 and is connected to the
latter via a cable 15.

[0014] The system moreover comprises a portable
programming terminal, or teach pendant, designated by
20, usable by an operator EU for manual programming
of the robot 1. The modalities of practical embodiment of
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the hardware relating to the unit 14 and to the terminal
20, equipped with respective microprocessor control sys-
tem, are irrespective of the aims of the present descrip-
tion, apart from some aspects indicated hereinafter that
regard the invention.

[0015] As previously explained, the operator EU can
simulate aworking step that the robot 1 will then be called
upon to perform automatically, varying the posture of the
robot via purposely provided movement control means
envisaged on theterminal 20, constituted by the so-called
jog buttons; via other pushbuttons of the terminal 20 the
operator EU can store the co-ordinates of the optimal
path identified for the TCP.

[0016] Represented in Figure 2 in a merely schematic
formis an example of teach pendant 20, which comprises
at least:

- adisplay 20a, through which the machine states, the
program steps, possible alarms, and various param-
eters, such as the position of the axes of the manip-
ulator, can be monitored; the display 20a is used
both during programming of the positions of the axes
and of the movement program steps and as remote
monitor of the unit 14;

- asetof keys for governing the movement of the axes
of the robot 1, some of which designated by 20b; the
keys of said set comprise in particular those for se-
lection of the desired reference system of movement
and the jog buttons; and

- a set of programming and editing keys, some of
which designated schematically by 20c, used for
navigating within the programs displayed on the dis-
play 20a, activating the various functions and enter-
ing data.

[0017] Theterminal 20 further comprises an emergen-
cy-stop device, designated by ES, which can be consti-
tuted by a mushroom-headed pushbutton, set in a fixed
position on the front of the terminal. Pressure applied on
said pushbutton enables immediate stopping/deactiva-
tion of the movement of the robot and/or of the entire
operating cell in which the robot operates. The terminal
is also equipped with an enabling device designated by
ED, which is to be used in combination with the keys of
the set 20b during the steps of learning or of manual
control of movement of the robot. In practice, the enabling
device ED isto be actuated or kept active by the operator,
inorderto enablethe robot 1to performthe desired move-
ments during programming. In the non-limiting example
of Figure 2, the device ED comprises two keys that extend
along the side edges of the terminal 20, but in another
possible embodiment the device ED can be located in
the rear part of the terminal.

[0018] Inthe example represented, the control unit of
the robot and the terminal are prearranged for commu-
nicating with one another in wireless mode, and for said
purpose are equipped with means for exchange of sig-
nals overthe air, comprising respective transceiver mod-
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ules 14a (Figure 1) and 24 (Figure 2). Said modules are
sized so as to have a useful range of some metres, and
hence fall within the range of the terminal 20 with respect
to the unit 14. Transmission over the air of the signals
can occur according to any known technique. In a pre-
ferred embodiment, the wireless communication be-
tween the unit 14 and the Terminal 1 20 occurs in radi-
ofrequency, using the transmission system defined by
the |IEEE 802. 11a standard (to which the reader is re-
ferred integrally for further details), known as Wi-fi.
[0019] The wireless connection between the terminal
20 and the unit 14 basically enables exchange of the
following three types of information :

a) operating data, such as information regarding the
dimensions of the axes, the jog commands, and in
general all the selections that can be made via the
terminal 20, as well as downloading of software from
the terminal itself to the unit 14; also the unit 14 can
send data to the terminal 20, such as information
necessary for updating of the display windows on
the display 20a, warning codes (alarms, machine
states, etc.), uploading of programs, etc.;

b) state of the emergency-stop device ES; and

c) state of the enabling device ED.

[0020] The terminal 20 further comprises an electrical
connector 23, forming part of an arrangement for re-
charging an internal battery of the terminal, and at least
one communication port 25. In a preferred embodiment,
the port 25 is a USB port.

[0021] The control logic of the system envisages that
the jog buttons command each time functions of trans-
lation and functions of rotation of axes of the robot 1 with
reference to the various possible reference systems,
such asthose referred to as Joints, Base and Tool, which
the operator EU must each time choose and select pre-
viously. Said circumstance, as previously explained, can
render the activity of programming via the terminal 20 far
from intuitive.

[0022] For this reason, directly associated to the mov-
able structure 2 of the robot 1 is a manual guide device,
to which the invention refers in a specific way and which
is designated as a whole by 30 in Figure 1. The guide
device 30 is provided with additional control means,
which can be used as an alternative to the jog keys of
the terminal or teach pendant 20 for governing the move-
ment of the robot during programming.

[0023] Represented via a block diagram in Figure 3 is
the general architecture for control of the robot, including
the unit 14, the terminal 20, and the guide device 30.
[0024] The guide device 30 has a microprocessorelec-
tronic control system, of a programmable type and pro-
vided with permanent rewritable memory means, desig-
nated as a whole by 31. Preferentially, the circuit is of a
miniaturized type, and can be implemented, for example,
using a board of a "FOX Board" type, produced by the
company ACME Systems Sr1, Rome, Italy, to the tech-
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nical documentation of which the reader is referred for
further details. Designated by 32 are the movement con-
trol means of the robot belonging to the device 30. In the
preferred embodiment of the invention, these means are
constituted by a joystick with a number of degrees of
freedom, particularly an optical-sensor joystick with six
degrees of freedom. Joysticks of the type indicated are
commercially available, at contained costs, and are ex-
tremely precise. A device usable for this purpose is, for
example, the one referred to as Space Navigator™, mar-
keted by the company 3DConnexion GmbH, Seefeld,
Germany, to the technical documentation of which the
reader is referred for further detail. The device moreover
comprises some keys, amongst which, for example, a
key 33 for turning on/turning off the device and a storage
key 34, usable by the operator EU for storing the co-
ordinates of the points of the path identified for the TCP.
[0025] The device 30 further comprises an autono-
mous supply source 35, such as a battery, which is pref-
erentially of a rechargeable type. For this purpose, the
device 30 is also conveniently provided with a connector
36 for connection to a recharging device of a known type,
not represented.

[0026] According to the main characteristic of the in-
vention, the manual guide device 30 is provided with wire-
less communication means, in order to set up a wireless
communication channel for communication with the port-
able terminal 20. The communication means comprise
forsaid purpose a first transceiver module on the manual
guide device 30 and a second transceiver module on the
portable terminal 20.

[0027] The first wireless transceiver module is desig-
nated by 37 in Figure 2 and is connected to the control
system 31. In a preferred embodiment of the invention,
the module 37 is prearranged for operating according to
the Bluetooth standard and can be implemented by any
transceiver suited for the purpose. The use of Bluetooth
technology proves particularly advantageous both as re-
gards the easy traceability and the contained cost of the
transceivers and because the typical mode of operation
envisaged by the Bluetooth standard enables contain-
ment of the levels of consumption of electrical energy by
the device 30.

[0028] Inapossible practical embodiment, the module
37 can be of the "key" type in order to enable connection
to the control system 31 exploiting a communication port
of the latter, particularly a USB port; in an example, the
module 37 will have a USB plug, and the aforesaid port
willhave a USB socket. Insuch acase, the control system
31 of the device 30 is preferentially configured for effect-
ing installation of the peripheral represented by the mod-
ule 37 via the plug-and-play technique. It should on the
other hand be borne in mind that the module 37, irre-
spective of its practical implementation, does not neces-
sarily have to be associated to the device 30 in a remov-
able way.

[0029] Also the terminal 20 is provided with a corre-
sponding microprocessor programmable electronic con-
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trol system, designated by 21, equipped with correspond-
ing memory means, to which the various keys of the de-
vice (designated as a whole by K in Figure 3) and the
display 20a are interfaced in a known way, the latter pos-
sibly being implemented with touch-screen technology.
[0030] As already mentioned, the terminal 20 has a
corresponding autonomous supply source 22, such as a
battery, preferentially of a rechargeable type and with a
connector 23 for connection to a suitable recharging ar-
rangement (not represented).

[0031] Associated to the control system 21 are first
transceiver means for wireless signals, designated by
24, for communicating with similar transceiver means
14a of the control unit 14 of the robot 1. As already ex-
plained, these transceiver means operate, in a possible
embodiment, according to the Wi-fi communication
standard.

[0032] The control system 21 of the terminal 20 is
moreover provided with at least one communication port
25 accessible from outside the teach pendant, preferably
of a USB type. It should be noted that practically all teach
pendants commonly used in combination with industrial
robots are provided with at least one accessible commu-
nication port.

[0033] Connectable in a removable way to said port
25 is the second transceiver module, designated by 26,
forming part of the communication means provided to
enable dialogue in wireless mode between the device 30
and the terminal 20.

[0034] Consequently, in the example considered, the
module 26, which can be implemented via any transceiv-
er suited to the purpose, operates according to the Blue-
tooth standard. In the preferred embodiment of the in-
vention, the module 26 is of the "key" type in order to
enable connection to the control system 21, exploiting
the communication port 25. As has been said, the port
25 is preferably of a USB type, in which case the module
26 will preferentially have a USB plug and the port 25 will
have a USB socket. Preferably, the control system 21 of
the terminal 20 is configured to enable installation of the
peripheral represented by the module 26 via the plug-
and-play technique.

[0035] lllustratedin Figure 4 is a possible practical em-
bodiment of the device 30, which comprises a casing of
a prismatic shape, housed within which is the corre-
sponding control system, and mounted on which is the
joystick 32 with six degrees of freedom, with the keys 33
and 34, the recharging connector 36, and the transceiver
module 37. As has been said, the control circuit of the
device 30 is of a miniaturized type so that the dimensions
of its casing are small, indicatively less than 10 cm in the
three dimensions.

[0036] The device 30 is provided with means for its
coupling, at the axis A6, to one of the movable structure
2 andthe end effector 13 of the robot 1, said means being
preferably configured to enable afast coupling or assem-
bly. In the embodiment exemplified in Figure 5 an as-
sembly base 40 is purposely provided, equipped with
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straps or clamps 41 for fast fixing to the structure of the
robot or directly to the tool (of course, instead of clamps,
other means of assembly can be used, such as for ex-
ample adjustable collars).

[0037] Exempilified, forinstance, in Figure 6 is the cou-
pling of the guide device 30 to one of the electrodes 51
of a welding gun 50 mounted on the wrist 10 of the robot.
In the case of Figure 1, instead, the device 30 is fixed to
the support of the torch 13 via screws, for example ex-
ploiting the presence of purposely provided holes 42
made in the base 40 or in a base of the casing of the
device 30.

[0038] In the example of Figure 5, the casing of the
device 30 has a respective base 38 that defines one or
more engagement seats 39 designed to receive respec-
tive portions 43 of the assembly base 40, with a substan-
tially slide-type coupling. Secure fixing between the bas-
es 38and40 can be guaranteed by snap-action or spring-
action couplings.

[0039] The guide device 30 can be used in the case
where itis intended to facilitate programming of the robot,
via means alternative to the jog keys of the terminal 20,
simplifying also movement of the robot in its range of
application. Preferentially, the movement of the robot 1
by means of the device 30 occurs in acartesian reference
system, i.e., in the "Tool" reference system, in a way in-
dependent of the reference system possibly selected for
the terminal 20. In other words, the movement of the TCP
determined by actuation of the joystick 32 is not affected
by the current setting of the jog keys, so that itis sufficient
for the operator EU to actuate the joystick 32 in the de-
sired direction in orderto produce a corresponding move-
ment of the robot 1. It should in any case be noted that
the joystick is a control means additional to the jog keys:
consequently, the movement of the TCP to reach the
desired point can always be governed by the operator
EU using the teach pendant, after prior selection of the
desired reference system.

[0040] Using the joystick device it is possible to move
the TCP of the robot 1 in all the directions of the "Tool"
reference system (and following all the rotations). In a
preferred embodiment of the invention, it is possible, us-
ing the teach pendant, to block some movements (block-
ingthe degrees of freedom), with the possibility of moving
the robot along a plane or a straight line, possibly also in
a reference system different from the "Tool" reference
system, previously selectable according to an appropri-
ate procedure on the terminal 20.

[0041] Ashasbeen said, the joystick has preferentially
six degrees of freedom. For example, by exerting a pres-
sure or else a pulling action on the knob of the joystick
32, an advance or a recession of the TPC is obtained;
by pressing the knob to the right or to the left, a displace-
ment to the right and to the left, respectively, of the TCP
is obtained. Likewise, by pushing the knob down or up,
the corresponding movements of the TCP are obtained.
The knob can likewise be turned in a clockwise direction
and in a counterclockwise direction to obtain movements
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of rotation of the TCP, or else be inclined to obtain incli-
nations of the TCP in the desired direction.

[0042] As previously explained, in a possible embod-
iment of the invention the device 30 communicates with
the terminal 20 through a Bluetooth system, which guar-
antees low consumption levels, usingthe UDP (User Da-
tagram Protocol). The communication protocol is prefer-
entially a dedicated protocol, based upon encapsulated
messages as body of a UDP packet.

[0043] The practical modes of implementation of the
communication between the device 30 and the terminal
20, as well as between the latter and the control unit 14
of the robot, can be of any type.

[0044] In general terms, the terminal 20 operates al-
ternatively as client and as server in regard to the guide
device 30. The terminal 20 behaves as UDP client in
regard to the device 30 for the messages of initial con-
figuration and messages of movement, requesting at
each instant - for example, every 10 ms - the position of
the knob of the joystick 32, with the corresponding control
systemthat responds in a synchronous way. With atouch
or release ofthe knob of the joystick by the user, detected
by the control system 31 of the device 30, this sends a
message of activation to the terminal 20, which in this
case behaves as UDP server for the messages of action,
i.e., control of the displacement of the robot.

[0045] The modalities of communication between the
terminal 20 and the control unit 14 of the robot is sub-
stantially analogous to the one described above, but the
terminal 20 behaves always as a UDP client for the mes-
sages of configuration and movement, whereas the con-
trol unit 14 is configured for handling a task that is
launched at start-up of the system with the UDP server
in listening mode. The aforesaid task in the unit 14 is
provided for handling the messages of interchange be-
tween the task of communication present on the terminal
20 (which behaves as client) and the task on the unit 14
(server). The task on the unit 14 is configured for estab-
lishing whether, in the communication when waiting for
amessage there occurs atimeout oran errorin reception,
and makes a series of attempts in such a way as to be
able to guarantee a percentage of error in reception such
as not to have an adverse effect on the performance of
the communication. Upon receipt of a packet of an action
type (movement of the robot), the server process re-
sponds to the terminal 20 with a message containing the
current position of the TCP and the state of the enabling
device ED of the terminal.

[0046] Inthe case where via the terminal 20 deactiva-
tion of the guide device 30 is requested, the correspond-
ing module is deactiveted within the interpolator of the
control 14; otherwise, the system activates the device
30. During the step in which in the system device 30 -
terminal 20 carries out polling to supply the current po-
sition to the control 14, the server on the control 14 re-
ceives the data regarding the position reference of the
device 30 and responds to the task client on the terminal
20 with the current position of the TCP, from which the
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reference systems commonly active on the system have
previously been removed. Finally, the task client on the
terminal 20 requests at a regular rate fromthe task server
the reference systems active on the system, which are,
however, used in combination with the device 30 only for
management of possible advanced movements, as has
been said previously (blocking of the degrees of free-
dom).

[0047] The part of communication between the teach
pendant 20 and the control unit 14 can be basically di-
vided into two parts. The part of the communication be-
tween the user interface (display) of the terminal 20 and
the device 30, and the part for management at a lower
level of the communication and handshaking between
the terminal 20 and the device 30, and between the ter-
minal 20 and the control unit 14. The first part concerns
the exchange of information that occurs betweenthe user
interface of the teach pendant (hence, for example, in-
formation regarding the state of the system, the config-
uration, and set-up of the device), is established upon
start-up of the system and updating of the data between
theteach pendant and the guide device, andis performed
whenever the graphic interface on the teach pendant re-
quests an updating of the data to be displayed, or when
there are entered from the user interface configuration
values that are to be passed to the guide device 30.
[0048] The second part of the communication between
the teach pendant and the device 30 is, instead, as has
already been said, at a lower level and deals prevalently
with the initialization part of the communication (start-up
of the Bluetooth protocol and adaptation to the TCP/IP
protocol with the Bluetooth Network Encapsulation Pro-
tocol - BNEP) and the part of renewal of the connection
between the device 30 and the terminal 20 and between
the terminal 20 and the control unit 14. All the messages
that regard the movement and updating of the reference
systems are managed by this task on the terminal 20.
[0049] Thanks to its own microprocessor control sys-
tem, the device 30 is configurable, in so far as, in the
communication protocol, different messages can be in-
tegrated for entering the parameters of the guide device.
Preferentially, there is envisaged the possibility of con-
figuring the position of the device 30 with respect to the
axis A6 of the robot, the maximum speeds and the ac-
celerations that may be allowed for translations and ro-
tations, the number and the gear-reducing ratio, the lim-
itation of the degrees of freedom, and the configuration
of the reference systems.

[0050] In the preferred embodiment, integrated in the
control logic of the system is a calibration procedure con-
trollable by means of the terminal 20, which enables con-
figuration of the guide device 30 in any point of the "Tool"
system of co-ordinates starting from the axis A6 of the
robot. The procedure is preferentially guided via the dis-
play of the teach pendant, through which there is first
requested positioning of the robot 1, by a command is-
sued by the device 30, in a position such that a side face
of the casing of the device itself is substantially parallel
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to the base 3 of the robot or to the ground; in this a way,
the calibration procedure can occur more easily. Next,
the system requests the user, once again via the display
of the teach pendant, to act on the joystick 32 in such a
way as to cause displacements in the directions X, Y, Z
of the "Base" reference system in such a way as to be
able to calculate the conversion of co-ordinates between
the "Tool" reference system of the device 30 and the
"Base" reference system of the robot. If the procedure of
acquisition of the directions has been performed correct-
ly, the system sends back on the display a message to
indicate that calibration has been performed and in this
way it will be possible to use the device 30 in the position
just calibrated. Of course, it is possible to execute the
calibration procedure for "n" possible points of installation
of the device 30 on the robot, and each configuration will
preferentially be saved on the unit 14 and not on the
device 30, which can be used also on robots different
from the one currently being programmed.

[0051] To guarantee coupling of the terminal 20 with
the manual guide device 30, it is necessary for the Blue-
tooth transceiver modules to be uniquely identified. The
unique coupling between the device 30 and the terminal
20, purposely configured, is guaranteedthrough a paiting
procedure that envisages scanning by the terminal, via
the corresponding module 26, of the Bluetooth network
so as to identify the Bluetooth devices present. The de-
vice 30 responds to the scanning, via the corresponding
transceiver module 37, with an identifier or information
of identity that coincides with the identifier or information
of identity of the module 26 paired with the terminal 20.
Preferentially, said identifier is represented by the MAC
address of the module 26 of the terminal 20. The terminal
is able to query the corresponding transceiver module
37to identify the aforesaid identifier andto enable pairing
or otherwise. The uniqueness of the identifier evidently
guarantees the uniqueness of the pairing.

[0052] In normal use, the device 30 is mounted on the
robot 1, in a position corresponding to the axis A6, for
example directly on the end effector 13. Next, the logic
pairing and calibration procedures described above are
performed. Next, the robot 1 can be manoeuvred by the
operator EU by directly acting on the joystick 32, as de-
scribed previously. As explained, the possibility of ma-
noeuvring the robot 1 using the device 30 depends al-
ways and in any case upon the state of activation of the
enabling device ED provided on the terminal 20.

[0053] From the foregoing description, the character-
istics of the present invention emerge clearly. The man-
ual guide device proposed is simple and economically
advantageous to produce and ensures precise and reli-
able operation. The fact that the device is provided with
means for establishing a wireless communication with a
teach pendant renders transportability or transferability
ofthe device between different robots to be programmed
very convenient and fast. As has been said, the fact that
practically all the teach pendants for industrial robots are
provided with at least one communication port renders
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implementation of the invention very easy, it being suffi-
cientto combine with such a port a module of the wireless
communication system. Of course, the absence of a ca-
ble between the teach pendant and the manual guide
device has also the practical advantage of facilitating the
displacements of the operatorinthe proximity ofthe TCP.
[0054] The contained dimensions of the device and
the provision of coupling means of a substantially fast-
coupling type further facilitate the transportability of the
device itself and, in addition to facilitating its installation,
enabling positioning of the device in various possible po-
sitions on the robot.

[0055] The advantages in terms of transportability of
the device 30 are highlighted in Figures 7 and 8.
[0056] lllustrated schematically in Figure 7 is a working
cell that comprises a plurality of robots 1A, 1B, 1C, 1D,
each equipped with a respective control unit 14. In the
example of Figure 7, each unit is wire connected to a
respective terminal or teach pendant 20A, 20B, 20C,
20D. As may be appreciated, thanks to the present in-
vention, the guide device 30 previously described can be
used for programming any of the robots (the robot 1A, in
the example illustrated), and then be transferred and in-
terfaced in a simple and fast way to other robots of the
plurality (1B, 1C, 1D), for the corresponding program-
ming, and so forth for the other robots. For this purpose,
it is in fact sufficient to uncouple the device 30 from the
robot 1A, and then mount it on a different robot of the
cell, for example, the robot 1B, as well as transfer the
transceiver module from the teach pendant 20A to the
teach pendant 20B in order to carry out then the proce-
dures of pairing and calibration described.

[0057] Even more convenient is the case where the
working cell is provided with a single teach pendant of a
wireless type, of the sort that can be coupled selectively
to any of the control units 14, as schematically illustrated
in Figure 8. Atechnique that can be used for this purpose
is the one described in the document No. EP-B-1 716
983 (with particular reference to the connection defined
as "Main" in said document).

[0058] In this application, the manual guide device 30
can always remain paired to one and the same teach
pendant 20, whereasthe latter can be selectively coupled
to each of the robots 1A, 1B, 1B, 1C of the cell. Hence,
for such an application, it is sufficient to uncouple the
device 30 from the robot 1A, then mount it on a different
robot of the cell, for example, the robot 1B, and then carry
out the calibration procedure described.

[0059] Previously, reference has been made to Blue-
tooth technology for the purposes of implementation of
the communication between the teach pendant 20 and
themanual guide device 30, butitis clearthatitis possible
to implement for the purpose a radiofrequency commu-
nication network in compliance with other specifications,
such as ZigBee, Wi-fi, Bluetooth, Z-Wave or some other
wireless protocol of a standard or proprietary type.
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Claims

1.

A robot system that comprises:

- at least one robot (1; 1A-1D) having a control
unit (14) and a movable structure (2) to which
an end effector (13; 50) is associated;

- at least one portable programming terminal
(20; 20A-20D) in data communication with the
controlunit (14), includinga manually actuatable
enabling device (ED) for enabling manual con-
trol of displacements of the movable structure
(2) of the robot (1); and

- a manual guide device (30), provided with
means (38-41) for coupling thereof to at least
one of the movable structure (2) and the end
effector (13; 50) of the robot (1; 1A-1D),
characterized in that

- the manual guide device (30) has wireless
communication means (26, 37) to set up a wire-
less communication channel for communication
with the portable terminal (20; 20A-20D),

- the wireless communication means comprises
a first wireless transceiver module (37) on the
manual guide device (30) and a second wireless
transceiver module (26) on the portable terminal
(20; 20A-20D), and

-atleastthe second wirelesstransceiver module
(26) is prearranged for being physically connect-
ed in a separable way to the portable terminal
(20; 20A).

The system according to Claim 1, comprising a plu-
rality of robots (1A-1D), wherein the wireless com-
munication means (26, 37) are prearranged for the
selective connection in wireless mode of the manual
guide device (30) to the portable terminal (20A) that
is in data communication with the control unit (14) of
any (1A) of the robots of said plurality (1A-1D) that
is to be programmed.

The system according to Claim 1, wherein the wire-
less communication means (26, 37) are prearranged
to set up a unique connection between the manual
guide device (30) and the portable terminal (20;
20A).

The system according to Claim 3, wherein

- one of the first and second wireless transceiver
modules (26, 37) contains information of identity
ofthe other of the firstand second wireless trans-
ceiver modules, particularly corresponding to a
MAC address; and

- the manual guide device (30) and the portable
terminal (20; 20A) are configured in such a way
that, in the course of a pairing procedure nec-
essary for enabling a session of use of the man-
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10.

1.

12.

ual guide device (30), said information of identity
is communicated from one wireless transceiver
module to the other wireless transceiver mod-
ule.

The system according to atleast one ofthe preceding
claims, wherein said means for coupling the manual
guide device (30)to at least one ofthe movable struc-
ture (2) and the end effector (13; 50) comprise fast-
coupling means (38-41).

The system according to Claim 2, wherein the port-
able terminal (20) comprises further wireless com-
munication means (24), the control units (14) of the
robots of said plurality (1A-1D) are provided with re-
spective wireless communication means (14A), and
the portable terminal (20) is selectively connectable
in wireless mode to the control unit (14) of any robot
(1A) of said plurality (1A-1D) that is to be pro-
grammed.

The system according to atleast one ofthe preceding
claims, wherein the manual guide device (30) com-
prises ajoystick with a number of degrees of freedom
(32), particularly an optical-sensor joystick with six
degrees of freedom.

The system according to atleast one ofthe preceding
claims, wherein the portable terminal (20) comprises
amicroprocessor electronic control system (21) hav-
ing at least one communication port (25) to which
the second wireless transceiver module (26) is con-
nectable in a separable way.

The system according to claim 8, wherein said com-
munication port is a USB port (25).

The system according to Claim 1, wherein the man-
ual guide device (30) is provided with an autonomous
supply source (35), particularly a battery of a re-
chargeable type.

The system according to atleast one of the preceding
claims, wherein at least one of the portable terminal
(20) and the control unit (14) with which the portable
terminal (20) is in data communication are config-
ured in such a way that the movement allowed for
the movable structure (2) of the robot (1; 1A), which
can be controlled via the manual guide device (30),
can be selectively limited for one or more degrees
of freedom.

The system according to atleast one ofthe preceding
claims, wherein the manual guide device (30), the
portable terminal (20) and the control unit (14) with
which the portable terminal (20) is in data commu-
nication are configured for the purposes of execution
of a procedure of calibration of the manual guide
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device (30).

The systemaccordingto atleastone of the preceding
claims, wherein the manual guide device (30) com-
prises a plurality of control means (33, 34), particu-
larly at least one ON/OFF key (33) and a key for
storage of position co-ordinates (34).

The system according to claim 2, comprising a plu-
rality of said portable terminals (20A-20D) and
wherein each robot of said plurality of robots (1A-
1D) comprises a respective control unit (14) to which
a respective one portable terminal of said plurality
of portable terminals (20A-20D) is wire connected.

Patentanspriiche

1.

2.

Robotersystem, das umfasst:

wenigstens einen Roboter (1; 1A-1D), der eine
Steuereinheit (14) und eine bewegliche Struktur
(2) aufweist, mit der ein Endeffektor (13; 50) ver-
bunden ist;

wenigstens ein tragbares Programmier-Endge-
rat (20; 20A-20D), das in Datenverbindung mit
der Steuereinheit (14) steht und eine manuell
zu betatigende Aktivierungsvorrichtung (ED)
enthélt, mit der manuelle Steuerung von Ver-
schiebungen der beweglichen Struktur (2) des
Roboters (1) aktiviert wird; und

eine manuelle Filhrungsvorrichtung (30), die mit
Einrichtungen (38-41) versehen ist, Uber die sie
mit der beweglichen Struktur (2) oder/und dem
Endeffektor (13; 50) des Roboters (1; 1A-1 D)
gekoppelt wird,

dadurch gekennzeichnet, dass

die manuelle Flihrungsvorrichtung (30) Uber ei-
ne Drahtlos-Kommunikationseinrichtung (26,
37) verfligt, mit der ein Drahtlos-Kommunikati-
onskanal zur Kommunikation mit demtragbaren
Endgerat (20; 20A-20D) eingerichtet wird,

die Drahtlos-Kommunikationseinrichtung ein er-
stes Drahtlos-Sendeempfanger-Modul (37) an
der manuellen Flihrungsvorrichtung (30) sowie
ein zweites Drahtlos-Sendeempfénger-Modul
(26) an dem tragbaren Endgerét (20; 20A-20D)
umfasst, und

wenigstens das zweite Drahtlos-Sendeempfan-
ger-Modul (26) so eingerichtet ist, dass es phy-
sisch trennbar mit dem tragbaren Endgerat (20;
20A-20D) verbunden wird.

System nach Anspruch 1, das eine Vielzahl von Ro-
botern (1A-1D) umfasst, wobei die Drahtlos-Kom-
munikationseinrichtung (26, 37) zur selektiven Ver-
bindung der manuellen Filhrungsvorrichtung (30) im
Drahtlos-Modus mit dem tragbaren Endgerét (20,
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20A-20D) eingerichtet ist, das in Datenverbindung
mit der Steuereinheit (14) eines beliebigen (1A) der
Roboter der Vielzahl (1A-1 D) steht, der program-
miert werden soll.

System nach Anspruch 1, wobei die Drahtlos-Kom-
munikationseinrichtung (26, 37) so eingerichtet ist,
dass sie eine exklusive Verbindung zwischen der
manuellen FUhrungsvorrichtung (30) und dem trag-
baren Endgerat (20, 20A) einrichtet.

System nach Anspruch 3, wobei

das erste oder das zweite Drahtlos-Sendeempfan-
ger-Modul (26, 37) eine Information Uber die Identitat
des anderen von dem ersten und zweiten Drahtlos-
Sendeempfanger-Modul, insbesondere bezlglich
einer MAC-Adresse, enthalt; und

die manuelle Fihrungsvorrichtung (30) und dastrag-
bare Endgerat (20, 20A) so eingerichtet sind, dass
im Verlauf einer Pairing-Prozedur, die erforderlich
ist, um eine Sitzung zur Verwendung der manuellen
Flhrungsvorrichtung (30) zu aktivieren, die Informa-
tion lber die |dentitdt von einem Drahtlos-Sende-
empfanger-Modul zum anderen Drahtlos-Sende-
empfanger-Modul Uibertragen wird.

System nach wenigstens einem der vorangehenden
Anspriiche, wobei die Einrichtungen zum Koppeln
der manuellen Fihrungsvorrichtung (30) mit der be-
weglichen Struktur (2) oder/und dem Endeffektor
(13; 50) Schnell-Kopplungseinrichtungen (38-41)
umfassen.

System nach Anspruch 2, wobei das tragbare End-
gerét (20) eine weitere Drahtlos-Kommunikations-
einrichtung (24) umfasst, die Steuereinheiten (14)
der Roboter der Vielzahl (1A-1D) mit jeweiligen
Drahtlos-Kommunikationseinrichtungen (14A) ver-
sehen sind und das tragbare Endgerat (20) im Draht-
los-Modus selektiv mit der Steuereinheit (14) eines
beliebigen Roboters (1A) der Vielzahl (1A-1D) ver-
bunden werden kann, der programmiert werden soll.

System nach wenigstens einem der vorangehenden
Anspriiche, wobei die manuelle Fihrungsvortich-
tung (30) einen Joystick mit einer Anzahl von Frei-
heitsgraden (32), insbesondere einen Joystick vom
Typ optischer Sensor mit sechs Freiheitsgraden,
umfasst.

System nach wenigstens einem der vorangehenden
Anspriiche, wobei das tragbare Endgerat (20) ein
elektronisches Mikroprozessor-Steuerungssystem
(21) umfasst, das wenigstens einen Kommunikati-
onsanschluss (25) hat, mit dem das zweite Drahtlos-
Sendeempfanger-Modul (26) trennbar verbunden
werden kann.
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System nach Anspruch 8, wobei der Kommunikati-
onsanschluss ein USB-Anschluss (25) ist.

System nach Anspruch 1, wobei die manuelle Fih-
rungseinrichtung (30) mit einer autonomen Strom-
versorgung (35), insbesondere einer aufladbaren
Batterie, versehen ist.

System nach wenigstens einem der vorangehenden
Anspriiche, wobei das tragbare Endgerdt (20)
oder/und die Steuereinheit (14), mitder das tragbare
Endgerét (20) in Datenverbindung steht, so konfigu-
riert ist/sind, dass die Bewegung, die flr die beweg-
liche Struktur (2) des Roboters (1; 1A) zugelassen
wird, der Uber die manuelle Flihrungsvorrichtung
(80) gesteuert werden kann, selektiv flir einen oder
mehrere Freiheitsgrad/e begrenzt werden kann.

System nach wenigstens einem der vorangehenden
Anspriiche, wobei die manuelle Flihrungsvorrich-
tung (30), das tragbare Endgerét (20) und die Steu-
ereinheit (14), mit der das tragbare Endgerat (20) in
Datenverbindung steht, flir die Zwecke der Ausfiih-
rung einer Prozedur zum Kalibrieren der manuellen
Fuhrungsvorrichtung (30) konfiguriert sind.

System nach wenigstens einem der vorangehenden
Anspriiche, wobei die manuelle Flihrungsvorrich-
tung (30) eine Vielzahl von Steuereinrichtungen (33,
34), insbesondere wenigstens eine AN/AUS-Taste
(83) sowie eine Taste zum Speichern von Positions-
Koordinaten (34), umfasst.

System nach Anspruch 2, das eine Vielzahl dertrag-
baren Endgerate (20A-20D) umfasst, wobei jeder
Roboter der Vielzahl von Robotern (1A-1D) eine ent-
sprechende Steuereinheit (14) umfasst, mit der ein
entsprechendes tragbares Endgerat der Vielzahl
tragbarer Endgerate (20A-20D) verdrahtet ist.

Revendications

1.

Systéme robotique qui comprend :

-aumoins un robot (1 ; 1A-1 D) comportant une
unité de commande (14) et une structure mobile
(2) a laquelle un effecteur terminal (13 ; 50) est
associé ;

- au moins un terminal de programmation por-
table (20 ; 20A-20D) en communication de don-
nées avec l'unité de commande (14), compre-
nant un dispositif de permission actionnable ma-
nuellement (ED) pour permettre la commande
manuelle de déplacements de la structure mo-
bile (2) du robot (1) ; et

- un dispositif de guidage manuel (30), pourvu
de moyens (38-41) pour coupler celui-ci & au
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moins I'un de la structure mobile (2) et de I'ef-
fecteur terminal (13 ; 50) du robot (1 ; 1A-1 D),
caractérisé en ce que

- le dispositif de guidage manuel (30) comporte
des moyens de communication sans fil (26, 37)
pour établir un canal de communication sans fil
pour lacommunication avec le terminal portable
(20 ; 20A-20D),

- les moyens de communication sans fil com-
prennent un premier module d’émetteur-récep-
teur sans fil (37) sur le dispositif de guidage ma-
nuel (30) et un second module d’émetteur-ré-
cepteursansfil (26) sur le terminal portable (20 ;
20A-20D), et

- au moins le second module d’émetteur-récep-
teur sans fil (26) est prévu pour étre connecté
physiquement de fagon séparable au terminal
portable (20 ; 20A).

2. Systéme selon la revendication 1, comprenant une

pluralité de robots (1A-1D), dans lequel les moyens
de communication sans fil (26, 37) sont prévus pour
la connexion sélective en mode sans fil du dispositif
de guidage manuel (30) au terminal portable (20A)
qui est en communication de données avec ['unité
de commande (14) de F'un quelconque (1A) des ro-
bots de ladite pluralité (1A-1 D) qui doit &tre program-
mé.

Systéme selon la revendication 1, dans lequel les
moyens de communication sans fil (26, 37) sont pré-
vus pour établir une connexion unique entre le dis-
positif de guidage manuel (30) et le terminal portable
(20 ; 20A).

4. Systéme selon la revendication 3, dans lequel

- P'un des premier et second modules d’émet-
teur-récepteur sans fil (26, 37) contient des in-
formations d’identité de l'autre des premier et
second modules d’émetteur-récepteur sans fil,
correspondant particulierement a une adresse
MAC ; et

- le dispositif de guidage manuel (30) et le ter-
minal portable (20 ; 20A) sontconfigurés de telle
sorte que, au cours d’'une procédure d’apparie-
ment nécessaire pour permettre une session
d'utilisation du dispositif de guidage manuel
(30), lesdites informations d’identité soient com-
muniquées d’'un module d’émetteur-récepteur
sans fil & lautre module d’émetteur-récepteur
sans fil.

5. Systéme selon au moins 'une des revendications

précédentes, dans lequel lesdits moyens pour cou-
pler le dispositif de guidage manuel (30) a au moins
I'un de la structure mobile (2) et de I'effecteur termi-
nal (13 ; 50) comprennent des moyens de couplage
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rapide (38-41).

Systéme selon la revendication 2, dans lequel le ter-
minal portable (20) comprend des moyens de com-
munication sans fil supplémentaires (24), les unités
de commande (14) des robots de ladite pluralité (1A-
1D) sont pourvues de moyens de communication
sans fil respectifs (14A), et le terminal portable (20)
peut étre connecté sélectivement en mode sans fil
a 'unité de commande (14) d’'un quelconque robot
(1A) de ladite pluralité (1A-1D) qui doit étre program-
mé.

Systéme selon au moins I'une des revendications
précédentes, dans lequel le dispositif de guidage
manuel (30) comprend un manche a balai avec un
certain nombre de degrés de liberté (32), en parti-
culier un manche a balai & capteur optique avec six
degrés de liberté.

Systéme selon au moins I'une des revendications
précédentes, dans lequel le terminal portable (20)
comprend un systéme de commande électronique
a microprocesseur (21) ayant au moins un pott de
communication (25) auquel le second module
d’émetteur-récepteur sansfil (26) peut &tre connecté
de fagon séparable.

Systéme selon la revendication 8, dans lequel ledit
port de communication est un port USB (25).

Systéme selon la revendication 1, dans lequel le dis-
positif de guidage manuel (30) est pourvu d’une
source d’alimentation autonome (35), en particulier
une batterie de type rechargeable.

Systéme selon au moins I'une des revendications
précédentes, dans lequel au moins 'un du terminal
portable (20) et de I'unité de commande (14) avec
laquelle le terminal portable (20) est en communica-
tion de données est configuré de telle sorte que le
mouvement autorisé pour la structure mobile (2) du
robot (1 ; 1A), qui peut étre commandé via le dispo-
sitif de guidage manuel (30), puisse étre limité sé-
lectivement pour un ou plusieurs degrés de liberté.

Systéme selon au moins I'une des revendications
précédentes, dans lequel le dispositif de guidage
manuel (30), le terminal portable (20) et F'unité de
commande (14) avec laquelle le terminal portable
(20) est en communication de données sont confi-
gurés aux fins de 'exécution d’une procédure d’éta-
lonnage du dispositif de guidage manuel (30).

Systéme selon au moins I'une des revendications
précédentes, dans lequel le dispositif de guidage
manuel (30) comprend une pluralité de moyens de
commande (33, 34), en particulier au moins une tou-
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che MARCHE/ARRET (83) et une touche pour le
stockage de coordonnées de position (34).

Systéme selon la revendication 2, comprenant une
pluralité desdits terminaux portables (20A-20D) et
danslequel chaque robot de ladite pluralité de robots
(1A-1D) comprend une unité de commande respec-
tive (14) a laquelle un terminal portable respectif de
ladite pluralité de terminaux portables (20A-20D) est
connecté par fil.
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