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(54) SYSTEM FOR AUTOMATICALLY MOVING AN ARTICULATED ARM, PARTICULARLY OF A 
LOADING CRANE

(57) The present invention refers to a system for au-
tomatically moving an articulated arm (101). The system
comprises a plurality of sensors associated to the bodies
of the articulated arm, adapted to enable to determine
the absolute coordinates of the end-effector (105), and
a control unit configured to perform a step of storing a
movement of the end-effector (105) and a step of auto-

matically re-performing the stored movement of the
end-effector (105). During the storing step, in a plurality
of sampling instants, the absolute coordinates of the
end-effector (105) and the actuators used for moving the
end-effector (105) between two following absolute coor-
dinates, are stored.
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Description

Technical field of the invention

[0001] The present invention refers to a system for au-
tomatically moving an articulated arm, particularly of an
articulated crane. The term "articulated arm" means a
system provided with a plurality of bodies, consecutively
connected to each other, capable of forming an open
kinematic chain with a plurality of translative and/or ro-
tative degrees of freedom in the space.

Prior art

[0002] Systems enabling other systems having plural
degrees of freedom, to perform previously stored move-
ments, are known. Such systems provide to manually
perform a desired movement, store it and then automat-
ically re-perform it. Such mode is particularly useful when
identical movements must be cyclically repeated (con-
sider for example the transport of items from a first area
to a second area in a yard, in an industrial area, or similar).
[0003] Overhead cranes are often used in a yard for
example. An overhead crane comprises a U-inverted
frame movable along a track (first degree of freedom),
and a trolley transversally movable along the frame (sec-
ond degree of freedom). Therefore, the absolute position
of the trolley depends on the absolute position of the
frame and on the position of the trolley with reference to
the frame. The absolute position of the trolley is matched
by only one configuration of the overhead crane and con-
sequently it can be simply registered and reproduced a
sequence of movements.
[0004] With reference to complex articulated arms, for
example in the presence of an articulated crane, the po-
sition of an end-effector of the crane can be obtained by
different configurations of the crane itself. Therefore, sim-
ply registering a manual movement and repeating it do
not cause the end-effector to follow the same move-
ments. Indeed, if in the start position the crane has a
configuration different from the one it had in a step of
storing the movement of the end-effector, just simply re-
peating the movements performed in the storing step will
not enable the end-effector to reach the same stored final
position.
[0005] Systems according to the known art are de-
scribed in documents JP 2001 130892 A, EP 2 725 183
A1, JP H10 219731 A and JP 2000 355957 A.

Summary of the invention

[0006] Therefore, it is an object of the present invention
to provide a system for automatically moving an articu-
lated arm, particularly of an articulated crane, having a
plurality of degrees of freedom, wherein particularly the
same absolute position of the end-effector can be ob-
tained by plural configurations of the articulated arm it-
self.

[0007] This and other objects are obtained by a system
for automatically moving an articulated arm according to
claim 1.
[0008] The dependent claims define possible advan-
tageous embodiments of the invention.

Brief description of the figures

[0009] For better understanding the invention and ap-
preciating the advantages, some exemplifying non-limit-
ing embodiments thereof will be described in the follow-
ing with reference to the attached figures, wherein:

Figure 1 is a side view of an articulated crane;
Figure 2 is a schematic illustration of an example of
the steps of storing the movements of an articulated
arm, based on the invention;
Figure 3 is a schematic illustration of an example of
the steps of re-performing the movements of the ar-
ticulated arm, based on the invention;
Figure 4 is a schematic illustration of a further exam-
ple of the steps of re-performing the movements of
the articulated arm, based on the invention;
Figure 5 is a schematic illustration of a further exam-
ple of the steps of re-performing the movements of
the articulated arm, based on the invention;
Figure 6 is a schematic illustration of a further exam-
ple of the steps of re-performing the movements of
the articulated arm, based on the invention.

Detailed description of the invention

[0010] The present description will illustratively refer
to an articulated crane. However, the present invention
finds an application in the movements of articulated arms
of other types, such as for example robotic arms, or aerial
work platforms (PLE).
[0011] Referring to the attached Figure 1, it shows an
example of a possible articulated arm, particularly an ar-
ticulated crane, for example a hydraulic loading crane
(commonly known as "loader crane"), generally indicated
by the reference 101.
[0012] The crane 101 comprises a column 102 pivoting
about its axis, and one or more possibly extendable arms
103’, 103". The possibility of extending the arms, if pro-
vided, is obtained by a plurality of extensions 104 recip-
rocally translatingly movable in order to modify the axial
length of a respective arm. In the example of Figure 1,
only the second arm 103" is extendable by moving the
extensions 104. In the following description, the first arm
103’, devoid of extensions, will be indicated by the term
"main arm", while the second arm 103", provided with
the extensions 104, will be indicated by the
term "secondary arm". The free end 105 of the last ex-
tension of the secondary arm 103" is commonly known
as end-effector. A hook 106 movable for example by a
rope winch 107 can be provided at the end-effector 105.
[0013] For sake of simplicity, it is illustratively assumed
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the presence of only one extension 104, neglecting the
movements of the hooks 106, so that the crane 101 has
the following degrees of freedom:

1) rotation of the column 102 about its axis;
2) rotation of the main arm 103’ with respect to the
column 102 about an axis perpendicular to the plane
on which the column 102 and main arm 103’ lie;
3) rotation of the secondary arm 103" with respect
to the main arm 103’ about an axis perpendicular to
the plane on which the main arm 103’ and secondary
arm 103" lie;
4) translation of the extension 4 with respect to the
secondary arm 103".

[0014] The above described crane therefore provides
an open kinematic chain, having a plurality of sequentially
connected bodies (column, main arm, secondary arm,
extensions) and a free end (end-effector).
[0015] The above cited degrees of freedom are
matched by the movement of an element of the articu-
lated arm with respect to another one (degrees of free-
dom 2, 3, 4) or with respect to a reference (degree of
freedom 1). In order to perform such movements, the
crane 101 comprises a plurality of actuators, at least one
actuator corresponding to a specific degree of freedom.
With reference to Figure 1, a first hydraulic jack 108, mov-
ing the main arm 103’ with respect to the column 102, a
second hydraulic jack 109, moving the secondary arm
103" with respect to the main arm 103’, and an actuator
110 moving the column 102 with respect to a stationary
reference, are shown. Obviously, further actuators (not
shown in the figures), for example of a hydraulic-type,
for moving the extensions 104, are present. Obviously,
even though the actuators of the cranes are normally of
a hydraulic-type, generally it is possible to provide actu-
ators of a different kind (electric or pneumatic, for exam-
ple) in the articulated arms.
[0016] The crane 101 comprises a plurality of sensors
capable of enabling to determine the absolute coordi-
nates of the end-effector 105, particularly the Cartesian
coordinates thereof. For example, it is assumed that the
origin of a Cartesian coordinate system, coincides with
the base of the column 102, so that the absolute coordi-
nates of the end-effector 105 are expressable by three
values: x, y, z.
[0017] According to a possible embodiment, with ref-
erence to the crane 101, the plurality of sensors can in-
clude, for example:

1) an angular sensor for measuring the rotation of
the column 102 about its axis;
2) an angular sensor for measuring the rotation of
the main arm 103’. This measured rotation can be
absolute, in other words referred to a stationary ref-
erence such as the horizontal, or can be a relative
rotation, with respect to the column 102;
3) an angular sensor for measuring the rotation of

the secondary arm 103". This measured rotation can
be absolute, in other words referred to a stationary
reference such as the horizontal, or can be a relative
rotation, with respect to the main arm 103’;
4) a linear sensor for measuring the translation of
the extension 104 with reference to the secondary
arm 103".

[0018] For example, the sensors can include linear or
angular encoders, inclinometers, magnetostrictive posi-
tion sensors or similar. From the signals output by the
above cited sensors, it is possible to determine, by geo-
metrical relationships, the absolute coordinates of the
end-effector 105.
[0019] The crane 101 comprises a control unit opera-
tively connected to the actuators, for moving them, and
to the sensors, for receiving signals indicative of the
above cited magnitudes. Moreover, the control unit com-
prises a memory module, the operation thereof will be
explained in the following.
[0020] In addition, it is provided a user interface device
connected to the control unit for enabling an operator to
manually move the crane and, possibly, to gain access
to other functions. For example, the user interface device
can comprise a remote control and the control unit can
comprise a transmission module for communicating with
this latter (a radio transmission module, for example).
The operator, by acting on a joystick of the remote control
for example, can visually move the end-effector 105
among subsequent positions. As said in the introductory
part, since a position of the end-effector 105 can gener-
ally correspond to more than one configuration of the
crane, also the movements of the end-effector 105 can
be performed in different ways, in other words by sequen-
tially moving several actuators. Consequently, prede-
fined operative logics are generally provided, by which,
based on a desired determined movement of the end-
effector, corresponding actuators are selected to be op-
erated for obtaining this movement.
[0021] Therefore, the control unit is configured so that,
upon a movement instruction of the end-effector received
from the user interface device, such movement is ob-
tained as a function of a predetermined logic for actuating
the actuators. For example, the actuating logics can be
one for minimizing the oil flow rate required for actuating
the actuators or can be one for minimizing the energy
used for moving them. A further logic can be one of the
minimum distance travelled by the end-effector for reach-
ing the desired position. A further criterion. often used
for example in combination with one of the above listed
ones, consists of maintaining the actuators away from
the stop position. The predetermined operative logics are
per se known and therefore will not be specifically de-
scribed.
[0022] Alternatively, the operator can decide which ac-
tuators to move: only one or more than one at a time,
and consequently can obtain the desired movement of
the end-effector.
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[0023] By a system configured in this way, it is possible
to store a sequence of movements manually imparted
by the user interface device, and then automatically re-
peat the same by modes which will be described in the
following.
[0024] The control unit is particularly configured to per-
form a step of storing a movement of the end-effector
105, comprising:

- receiving instructions of moving the end-effector 105
by the user interface device;

- actuating the actuators so that the end-effector 105
performs a sequence of movements corresponding
to the movement instructions. The actuators can be
moved based on a predetermined logic (for example
for minimizing the flow rate or minimum travelled dis-
tance), or the operator himself/herself directly moves
certain actuators, by the user interface device, so
that the end-effector 105 performs determined
movements in the space;

- sensing, during the movement, at a plurality of con-
secutive sampling instants spaced from each other
by a sampling time, the signals from the sensors.
The sampling time can be predefined or alternatively
can be set by the operator. Preferably, the sampling
time is less than one second, still more preferably is
in the order of a one tenth of a second;

- determining the absolute coordinates of the end-ef-
fector 105 at each sampling instant based on the
signals from the sensors;

- storing in the memory module the absolute coordi-
nates of the end-effector 105 determined at each
sampling instant, and the actuators used for moving
the end-effector 105 between each determined ab-
solute coordinate and the absolute coordinate deter-
mined at the following sampling instant. It is ob-
served that, in this step, with reference to the signals
from the sensors, just the absolute coordinates of
the end-effector are stored, and it is not required to
store the configuration of the crane, also obtainable
from the signals of the sensors. Moreover, with ref-
erence to the actuators, the memory stores only the
used actuators, and it is not required to store neither
the movement direction, nor the (angular or linear)
travelled distance of the actuators themselves.

[0025] Consequently, the real trajectory followed by
the end-effector 105, based on the manual instructions
of the operator, is divided in a plurality of discrete points,
each corresponding to a sampling instant, and further
the actuators used in the trajectory segments defined by
said following points, are stored.
[0026] Based on such stored information, therefore the
control unit can act on the actuators in order to re-perform
the stored movement, particularly by automatically mov-
ing the crane in the following way.
[0027] Particularly, the command unit is configured to

implement a step of re-performing the movement stored
upon an instruction of automatically re-performing the
stored movement. For example, such step can be started
by the operator by the user interface device.
[0028] Such step of re-performing the stored move-
ment provides to divide the re-performing step into a plu-
rality of partial re-performing periods, each delimited by
two consecutive re-performing instants distanced by a
re-performing partial time, which, according to a possible
embodiment, is equal to the sampling time. Alternatively,
the partial re-performing time could be different from the
sampling time (it could be selectable by the operator, for
example) and in this case the duration of the re-perform-
ing step will be different from the duration of the storing
step. The re-performing step comprises, during each par-
tial re-performing period:

- sensing, at the initial re-performing instant, the sig-
nals from the sensors;

- determining the effective absolute coordinates of the
end-effector 105 and the configuration of the articu-
lated arm based on the signals from the sensors. It
is observed that, as opposed to the storing step, the
step of re-performing the configuration of the articu-
lated arm, is monitored. For example, with reference
to Figure 1, it is possible to determine if the second-
ary arm 103" and main arm 103’ are aligned to each
other or if they form a determined relative angle;

- comparing the effective absolute coordinates of the
end-effector 105 with the absolute coordinates of the
end-effector 105 stored in each of the sampling in-
stant. Preferably, such step is performed with a de-
termined tolerance, in other words the effective ab-
solute coordinates are considered equal to the
stored absolute coordinates if the effective absolute
coordinates are equal to the stored absolute coordi-
nates plus or minus a determined dimensional toler-
ance;

- if the effective absolute coordinates of the end-ef-
fector 105 are equal (preferably plus or minus the
above given tolerance) to one of the absolute coor-
dinates of the end-effector stored during one of the
sampling instants, actuating the stored actuators for
moving the end-effector 105 towards the absolute
coordinate stored at the following sampling instant.
If the crane has the same configuration which it had
in the corresponding position of the end-effector dur-
ing the storing step, this passage is sufficient to reach
the absolute coordinate stored at the following sam-
pling instant;

- if it is determined based on the configuration of the
crane that the end-effector 105 is not capable of
reaching the absolute coordinate stored at the fol-
lowing sampling instant, preferably further actuating
one or more additional actuators according to a pre-
determined operative logic. Such condition can also
happen if, despite the absolute coordinate corre-
sponds to the stored one, the crane has a different
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configuration. In this case, further movements will
be required for reaching the absolute coordinate
stored at the following sampling instant.

[0029] On the contrary, if the effective absolute coor-
dinates of the end-effector 105 are not equal to one of
the absolute coordinates of the end-effector, stored at
one of the sampling instants, two different conditions can
occur: the end-effector 105 lies along the stored trajec-
tory, or the end-effector 105 lies outside the stored tra-
jectory. Advantageously, the control unit is therefore con-
figured to:

- determine the whole stored trajectory of the end-ef-
fector. This can be obtained for example as a polyg-
onal chain joining the different stored absolute coor-
dinates of the end-effector or by a (polynomial for
example) interpolation of the same.

- If the effective absolute coordinate of the end-effec-
tor 105 lies in a segment of the trajectory comprised
between a first and second absolute coordinates
stored between two following sampling instants, ac-
tuate the stored actuators for moving the end-effec-
tor 105 between said two absolute coordinates
stored between two following sampling instants;

- if the end-effector 105 is determined as not capable
of reaching the second stored absolute coordinate
based on the configuration of the crane, actuate one
or more additional actuators according to a prede-
termined operative logic.

[0030] If the effective absolute coordinate of the end-
effector 105 lies outside the stored trajectory, advanta-
geously the control unit is configured to:

- calculate the point of the stored trajectory nearest to
the effective absolute coordinate of the end-effector;

- actuate the actuators according to a predetermined
operative logic for moving the end-effector to such
point. Such nearest point can be both a beforehand
stored point, and a not stored point being anyway
comprised between two following stored points. Ac-
cording to one of the two conditions, it is therefore
implemented one of the abovementioned modes.

[0031] Advantageously, the movements of the end-ef-
fector 105 between two following points, for example be-
tween two points whose absolute coordinates were
stored, are performed preferably by a closed-loop control
of the position of the end-effector (according to the logics
P, PI, PD, PI, PID, for example), wherein the reference
is the trajectory of the end-effector. For example, if the
two desired end points are known, the reference trajec-
tory between these points can be set equal to the seg-
ment joining such points.
[0032] From what discussed above it is assumed that
the movement is re-performed during the same time used
for the storing step.

[0033] However, it is also possible to re-perform the
stored trajectory at a different speed, in other words so
that the end-effector performs such stored trajectory in
a re-performing total time greater or less than the total
stored time (given by the summation of the sampling
times).
[0034] Therefore, the control unit is advantageously
configured to receive, as an input parameter, a total de-
sired re-performing time. Such parameter can be sup-
plied to the control unit by the user interface device, for
example.
[0035] Particularly, the control unit is configured to:

- determine the stored trajectory of the end-effector.
This step can be performed according to what was
previously discussed;

- calculate on the stored trajectory, the equivalent ab-
solute coordinates of the end-effector, correspond-
ing to the absolute coordinates of the end-effector
which were sensed during the movement storing
step if the end-effector had performed the estimated
trajectory in the desired re-performing total time;

- set the stored absolute coordinates of the end-effec-
tor equal to said equivalent absolute coordinates.

[0036] Consequently, the stored coordinates are effec-
tively manipulated so that they are substituted with new
equivalent coordinates which take into account that the
movement re-performing step is done at a speed different
from the speed of the storing step.
[0037] At this point, it is required to distinguish the case
wherein the desired speed during the performing step is
greater or less than the speed of the storing step.
[0038] Advantageously, the control unit is configured
to:

- if the total desired re-performing time is greater than
the total sampling time (in other words, if it is desired
to decrease the performing speed), store, for each
equivalent absolute coordinate, the actuators stored
in the segment of the trajectory along which the
equivalent absolute coordinate lies. Consequently,
each equivalent absolute coordinate is matched by
the actuators to be used (if the crane configuration
enables that) during the re-performing step, which
are the same ones stored for the trajectory segment
along which the equivalent absolute coordinates lie.
Therefore, it is possible to implement what was pre-
viously described;

- if the total desired performing time is less than the
total sampling time (in other words if it is desired to
increase the speed), store for each equivalent abso-
lute coordinate the actuators used along the seg-
ment of the trajectory along which the equivalent ab-
solute coordinate lies and along all the previous seg-
ments. In other words, since the speed increases,
between two following equivalent absolute coordi-
nates, additional segments of the stored trajectory
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can be included. So, the actuators stored for each
equivalent absolute coordinate will be those stored
for all the segments included between it and the pre-
vious equivalent absolute coordinate. Then, again,
the following will be the same as previously de-
scribed.

[0039] Some operative examples will be given for fur-
ther explaining what was hereinbefore discussed.
[0040] Figure 2 illustrates the steps of storing a possi-
ble trajectory of an articulated arm. Particularly, the figure
schematically shows the articulated arm having the col-
umn 102, the main arm 103’, the secondary arm 103",
and a single extension 104, terminating with the end-
effector 105. The initial position of the end-effector 105
is indicated by the coordinates x1, y1, z1. The stored
movements are the following:

- the elapse of the sampling time, from the position
x1, y1, z1 (initial position) to the position x2, y2, z2.
The absolute coordinates of both positions are
stored. Based on the predetermined operative logic,
for example, consisting of minimizing the oil flow rate,
or based on a decision of the operator, the second
position is reached by projecting the extension 104,
which entails the actuation of a corresponding actu-
ator, which is also stored (therefore Figure 2 shows,
besides x1, y1, z1 and x2, y2, z2, also the reference
104 for indicating that during this elapse the exten-
sion 104 were moved). Storing the configuration of
the arm is not required. For example, storing the an-
gle included between the main arm 103’ and sec-
ondary arm 103" is not required. Neither storing the
direction and length of the movement of the actuator
moving the extension 104 are required;

- the elapse of the sampling time from the second po-
sition x2, y2, z2 to the third position x3, y3, z3 which
is stored. According to the example, the third position
is reached by rotating the secondary arm 103" and
by a further projection of the extension 104. Using
two corresponding actuators of the secondary arm
103" and extension 104 is also stored.

[0041] Now it is made reference to the re-performing
step, if the initial position of the end-effector corresponds
to the stored initial position x1, y1, z1, if the initial config-
uration of the crane is the same as the one the crane had
during the step of storing the position x1, y1, z1 and if
the desired performing speed is as the speed used in the
storing step, the crane will exactly perform the same
movements by actuating the same actuators used in the
different segments of the trajectory of the storing step,
according to what was shown in Figure 2. Checking the
configuration performed at the point x1, y1, z1 will confirm
that the only projection of the extension 104 enables to
reach the coordinate x2, y2, z2.
[0042] Referring now to Figure 3, if it were tried to follow
again a stored trajectory by simply actuating the same

actuators used in the different segments of the trajectory
of a storing step (in other words only the actuator of the
extension 104) in a case wherein the initial position of
the end-effector corresponds to the stored initial position
x1, y1, z1, but the initial configuration of the crane is not
the same as the one the crane had in the storing step in
the position x1, y1, z1, the end-effector 105 would not be
able to reach the stored position x2, y2, z2 because a
rotation is also required. Therefore the control unit, once
it verifies by the signals of the sensor that the only stored
actuators do not enable to reach the position x2, y2, z2
based for example on the minimum flow rate logic, actu-
ates also actuates also the actuators which moves the
secondary arm 103" so that the end-effector 105 effec-
tively reaches the position x2, y2, z2. Then, even though
the effective configuration of the crane in the position x2,
y2, z2 is not exactly the same as the stored one, the
control unit checks that, in the configuration of the coor-
dinate x2, y2, z2, the end-effector 105 is anyway capable
to move to the position x3, y3, z3 by actuating only the
stored actuators between the coordinates x2, y2, z2 and
x3, y3, z3, in other words the actuators moving the sec-
ondary arm 103" and extension 104. These latter perform
movements which are slightly different from the stored
ones. From this example, it is observed that, even though
the initial configuration of the crane is different from the
one it had in the storing step, as the stored movement is
gradually re-performed, the articulated arm tends to ap-
proach to the corresponding configuration it had in the
storing step.
[0043] Referring now to Figure 4, if the initial position
of the end-effector 105 does not correspond to the stored
initial position x1, y1, z1, the control unit moves the end-
effector 105, for example according to the minimum flow
rate logic, so that this moves to the nearest point along
the stored trajectory, a point which does not necessarily
coincide with a stored point. In the example, such point,
indicated by X, is in the segment between the coordinates
x1, y1, z1 and x2, y2, z2. Therefore, the control unit,
during the partial re-performing time, will move the end-
effector 105 to such nearest point in the stored trajectory
and, after that, it tries to move the end-effector to the
point of coordinates x2, y2, z2 by actuating only the ac-
tuator moving the extension 104 (which was the stored
actuator for moving from coordinates x1, y1, z1 to coor-
dinates x1, y1, z1), however, since is not capable of doing
it, it will actuates also a second actuator, in this case the
actuator moving the secondary arm 103", according to
the predetermined set logic. Then, the step of re-perform-
ing the movement continues according to what was dis-
cussed with reference to Figure 3. Obviously, if the ef-
fective sensed initial point does not coincide with a stored
point, but was already present in the trajectory, the end-
effector 105 would not be required to be moved to the
nearest point of the trajectory since the end-effector is
already present in the trajectory.
[0044] With reference now to Figure 5, it is described
the case wherein the re-performing step is executed with
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a speed different from the speed used during the storing
step. For the sake of simplicity, it is considered the case
wherein the initial position of the end-effector corre-
sponds to the stored initial position x1, y1, z1 and wherein
the initial configuration of the crane is the same as the
one the crane had during the step of storing the position
x1, y1, z1.
[0045] For example, if it is desired to halve the per-
forming speed, the total re-performing desired time is
twice the total sampling time. Therefore, if it is consid-
ered, for example, the segment between the coordinates
x1, y1, z1 and x2, y2, z2, and the time the crane requires,
during the storing step, to move between these two po-
sitions (such time being equal to the sampling time), dur-
ing the re-performing step, the end-effector could reach
only a position x12 intermediate between x1 and x2,
which represents an equivalent absolute coordinate.
Therefore, the control unit will actuate the same actuator
used in the storing step for moving from position x1, y1,
z1 to position x2, y2, z2, in other words the one moving
the extension 104 which, due to the sensed configuration
of the crane, enables to reach the position x2, y2, z2
without actuating other actuators. Then, it is followed the
same logic along all the trajectory.
[0046] Referring now to Figure 6, if, on the other hand,
it is desired to increase the performing speed, the total
desired performing time is reduced with respect to the
total sampling time during the storing step. Consequent-
ly, for example, during the time required to the crane, in
the storing step, to move from coordinates x1, y1, z1 to
x2, y2, z2, in the re-performing step, the end-effector 105
could simultaneously reach, for example, a position x23
intermediate between x2 and x3, which is an equivalent
performing coordinate. Therefore, by means of the posi-
tion x1, y1, z1, the control unit will actuate the same ac-
tuators used in the storing step for moving between the
positions x1, y1, z1 and x2, y2, z2, and between the po-
sitions x2, y2, z2 and x3, y3, z3, in other words the ac-
tuators which move the extension 104 and the actuator
which moves the secondary arm 103". If the point x23 is
not reached by means of these actuators due to the
sensed configuration, the control unit would further ac-
tuate one or more other actuators according to the pre-
determined operative logic.
[0047] In the present description and in the attached
claims, it is observed that the control unit and also the
elements indicated by the expression "module", could be
implemented by hardware devices (central units, for ex-
ample), by software or by a combination of hardware and
software.
[0048] From the above given description, a person
skilled in the art could appreciate that the system, ac-
cording to the invention, enables to re-perform stored
movements also in the presence of complicated articu-
lated arms, wherein the same position of the end-effector
is obtainable by different configurations of the arm itself.
[0049] A person skilled in the art in order to meet con-
tingent specific needs could add several additions, mod-

ifications, or substitutions of elements with other opera-
tively equivalent ones to the described embodiments,
without falling out of the scope of the attached claims.

Claims

1. System for automatically moving an articulated arm
(101), comprising:

- said articulated arm (101), comprising a plu-
rality of bodies consecutively connected to each
other in order to form an open kinematic chain
with an end-effector (105), having a plurality of
translative and/or rotative degrees of freedom
and a plurality of actuators for moving said bod-
ies;
- a plurality of sensors associated to said bodies
adapted to supply signals indicative of linear or
angular positions such to enable to determine
absolute coordinates of the end-effector (105);
- a user interface device configured for com-
manding the articulated arm by an operator;
- a control unit comprising a memory module
and operatively connected to said actuators,
said sensors and said user interface device, said
control unit being configured for performing:

a step of storing a movement of the end-
effector (105), which comprises:

- receiving movement instructions of the end-
effector (105) from the user interface device;
- actuating the actuators so that the end-effector
(105) performs a sequence of movements cor-
responding to the movement instructions;
- detecting during the movement, in a plurality
of subsequent sampling instances distanced
from each other of a sampling time, the signals
from said sensors;
- determining, based on the signals from the sen-
sors, the absolute coordinates of the end-effec-
tor (105) in each sampling instant;
- storing in the memory module the absolute co-
ordinates of the end-effector (105) determined
in each sampling instant and the actuators used
for moving the end-effector (105) between each
determined absolute coordinate and the abso-
lute coordinate determined in the following sam-
pling instant;
a step of re-performing the movement of the
end-effector (105) stored in the storing step up-
on an instruction of automatically re-performing
the stored movement, comprising, in a plurality
of partial re-performing periods, each delimited
by two subsequent performing instants spaced
by a partial re-performing time:
- detecting, at the starting re-performing instant
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of each partial re-performing period, the signals
from the sensors;
- determining the effective absolute coordinates
of the end-effector (105) and the configuration
of the articulated arm based on said signals from
the sensors;
- comparing the effective absolute coordinates
of the end-effector (105) with the absolute coor-
dinates of the end-effector (105) stored in each
of the sampling instants;
- if the effective absolute coordinates of the end-
effector (105) are the same as one of the abso-
lute coordinates of the end-effector, stored in
one of the sampling instants, actuating the
stored actuators for performing the movement
of the end-effector towards the absolute coordi-
nate stored at the following sampling instant.

2. System according to claim 1, wherein said step of
re-performing the movement of the end-effector
(105) further comprises:

- if it is determined, based on the configuration
of the articulated arm, that the end-effector (105)
is not capable of reaching the absolute coordi-
nate stored at the following sampling instant, fur-
ther actuating one or more additional actuators
according to a predetermined operative logic.

3. System according to claim 1 or 2, wherein said step
of storing in the memory module the absolute coor-
dinates of the end-effector (105) is performed without
storing the configuration of the articulated arm ob-
tainable by the signals from said sensors.

4. System according to anyone of the preceding claims,
wherein said step of storing in the memory module
the actuators used for moving the end-effector (105)
is performed without storing the movement direc-
tions and extents of the movements of the actuators.

5. System according to any of the preceding claims,
wherein said step of comparing the effective abso-
lute coordinates of the end-effector (105) with the
absolute coordinates of the end-effector (105) stored
in each of the sampling instants is performed with a
predefined tolerance.

6. System according to any of the preceding claims,
wherein said step of re-performing the movement of
the end-effector (105) further comprises, if the effec-
tive absolute coordinates of the end-effector (105)
are not the same as one of the absolute coordinates
of the end-effector stored in one of the sampling in-
stants:

- determining the overall stored trajectory of the
end-effector (105);

- if the effective absolute coordinate of the end-
effector (105) lies in a segment of the trajectory
comprised between a first and second stored
absolute coordinates between two following
sampling instants, actuating the stored actua-
tors for performing the movement of the end-
effector (105) between said two stored absolute
coordinates between two following sampling in-
stants;
- if it is determined, based on the configuration
of the articulated arm, that the end-effector (105)
is not capable of reaching the second stored ab-
solute coordinate, actuating one or more further
actuators according to a predetermined opera-
tive logic.

7. System according to the preceding claim, wherein
said step of re-performing the movement of the end-
effector (105) further comprises, if the effective ab-
solute coordinate of the end-effector (105) lies out-
side the stored trajectory:

- calculating the point of the stored trajectory,
nearest to the effective absolute coordinate of
the end-effector (105);
- actuating the actuators according to a prede-
termined logic for moving the end-effector (105)
to said point.

8. System according to any of the preceding claims,
wherein the partial re-performing time is equal to the
sampling time.

9. System according to any of the preceding claims,
wherein the control unit is configured for receiving
as an input parameter a desired overall re-perform-
ing time, wherein said step of re-performing the
movement of the end-effector (105), if the desired
overall re-performing time is different from the overall
time for moving the end-effector during the storing
step, comprises:

- determining the stored trajectory of the end-
effector (105);
- calculating, on the stored trajectory, equivalent
absolute coordinates of the end-effector, corre-
sponding to the absolute coordinates of the end-
effector which would be detected in the step of
storing the movement if the end-effector had
performed the determined trajectory in the de-
sired overall re-performing time;
- setting the absolute stored coordinates of the
end-effector equal to said equivalent absolute
coordinates.

10. System according to the preceding claim, wherein
said step of re-performing the movement of the end-
effector (105) further comprises:
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- if the overall desired re-performing time is
greater than the overall time of moving the end-
effector during the storing step, storing for each
equivalent absolute coordinate the stored actu-
ators along the segment of the trajectory on
which lies the equivalent absolute coordinate;
- if the overall desired performing time is less
than the overall time of moving the end-effector
during the storing step, storing for each equiva-
lent absolute coordinate the actuators used in
the segment of the trajectory on which lies the
equivalent absolute coordinate and in all the pre-
vious segments.

11. System according to any of the preceding claims,
wherein said control unit is configured for performing
a closed-loop control of the trajectory between a first
absolute coordinate and a second absolute coordi-
nate of the end-effector (105).

12. System according to any of the preceding claims,
wherein said absolute coordinates of the end-effec-
tor (105) are absolute cartesian coordinates in a 3D
space.

13. System according to any of the preceding claims,
wherein said articulated arm (101) comprises an ar-
ticulated crane.

14. System according to the preceding claim, wherein
said articulated crane comprises a column (102) ro-
tating around the axis thereof, a main arm (103’) ro-
tating around the column (102), a secondary arm
(103") rotating around the main arm (103’) and com-
prising at least an extension translatingly extendable
from the secondary arm itself, and said plurality of
sensors comprises an angular sensor for measuring
the rotation of the column (102) around the axis
thereof, an angular sensor for measuring the rotation
of the main arm (103’), an angular sensor for meas-
uring the rotation of the secondary arm (103"), a lin-
ear sensor for measuring the translation of the ex-
tension (104) from the secondary arm (103").
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