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(54) Control system and method for controlling the movement of an aerial apparatus

(57) The present invention is related to a control sys-
tem (10) for controlling the movement of an aerial appa-
ratus, in particular for controlling a turnable ladder of a
firefighting vehicle, comprising a manually operable input
device that is deflectable in at least one spatial direction
by a deflecting force, an processing unit (14) for convert-
ing the amount of deflection of the input device into a

corresponding speed signal and an actuating unit (16)
for moving the aerial apparatus with a speed correspond-
ing to the speed signal. The invention is characterized
by determining means (18,20) for determining a possible
maximum speed and restricting means (22) for counter-
acting or limiting the deflection of the input device ac-
cording to the determined possible maximum speed.
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Description

[0001] The present invention relates to a control sys-
tem and a method for controlling the movement of an
aerial apparatus, in particular for controlling a turnable
ladder of firefighting vehicle.
[0002] Aerial apparatuses such as turnable ladders of
firefighting vehicles are controlled by an operator from a
position giving him an overview of the space in which the
aerial apparatus is moved. For reason of simplicity the
further description will refer to turnable ladders as one
example of aerial apparatuses, although this example is
not to be understood as limiting in the sense of the present
invention. As it is commonly known, such turnable lad-
ders can be turned around a vertical axis and also ex-
tracted, as well as lowered or lifted, to reach remote po-
sitions in rescue situations. It is very important to reach
this remote points as fast as possible so that no time
needed for the rescue of persons, etc. is lost. On the
other hand, the movement speed of the turnable ladder
is limited by construction parameters and also depending
on its present position, especially its extension range. All
these parameters cannot be overviewed by the operator
in the rescue situation.
[0003] A common control station of a turnable ladder
is generally provided with a manually operable input de-
vice, such as a control lever or joystick, which is deflecta-
ble in at least one spatial direction by a deflecting force
applied by the operator. For example, a joystick allows
to input direction and moving speed of a turnable ladder.
A processing unit converts the amount of deflection of
the input device into a corresponding speed signal, which
is transferred to an actuating unit for moving the aerial
apparatus with a speed corresponding to the speed sig-
nal.
[0004] To assist the operator in controlling the turnable
ladder, systems are known with comprise sensors, for
example, distance sensors at the end of the ladder to
generate a warning signal to avoid a collision with an
object. Other kinds of sensors protect against overload-
ing. However, the generation of warning signals or the
execution of a forced shut down of the system is only an
incomplete assisting function to control the movement of
the ladder. In particular there is a desire to control the
ladder at maximum moving speed depending on the
present situation. However, even in the presents of sen-
sors that generate warning signals or prevent the ladder
from a collision or overload, the control of the ladder still
demands a control of a experienced operator and much
skill to be operated in difficult situation, for example, at
maximum range in a narrow space.
[0005] It is therefore an object of the present invention
to provide a control system for controlling the movement
of an aerial apparatus like a turnable ladder of a firefight-
ing vehicle that provides a more direct feedback to the
operator to simplify the control depending on the present
system status.
[0006] Another object is the provision of a correspond-

ing method for controlling the movement of an aerial ap-
paratus.
[0007] These objects are achieved by a control system
comprising the features of claim 1, and a corresponding
method comprising the features of claim 6.
[0008] The control system according to the present in-
vention comprises determining means for determining a
possible maximum speed for moving the aerial appara-
tus. The deflection of the input device is counteracted or
limited by a restricting means according to determined
possible maximum speed.
[0009] By this counteracting or limiting action the op-
erator at the input device gets an immediate and intuitive
haptic feedback when he applies a manual deflecting
force to the input device.
[0010] For example, according to the actually deter-
mined possible maximum speed, the range of deflection
of input device is limited so that a further deflection is not
possible. For example, a joystick or operation lever used
as an input device is restricted in its freedom of movement
by the restricting means within a certain range, depend-
ing on the determined possible maximum speed. Be-
cause the determination of the maximum speed can be
updated in real time, depending on the present status of
the aerial apparatus, the counteraction or limitation of the
deflection of the input device can be adapted dynamical-
ly. Such a haptic feedback system provides advantages
over a relatively simple system that generates warning
signals or just initiates an immediate shut down of the
ladder movement in a case of collision danger.
[0011] According to an preferred embodiment of the
present invention, the restricting means is providing to
apply a restoring force according to the determined pos-
sible maximum speed to the input device acting to restore
the input device against the deflecting force. This restor-
ing force acts to set back the input device to a position
corresponding to a lower speed than the possible maxi-
mum speed, and with no manual deflecting force applied,
the restoring force will put the input device back into a
neutral position. There are several possibilities to apply
the restoring force. For example, a very strong restoring
force can be applied immediately if the possible maxi-
mum speed (or a speed value just lower than the possible
maximum speed) is reached, so that this strong restoring
force cannot be overcome manually by the operator. Ac-
cording to another example, the restoring force increases
gradually when the deflection of the input device ap-
proaches a limit corresponding to the possible maximum
speed. This gives a more intuitive haptic feedback to the
operator, enabling him to sense the approach to the max-
imum speed limit.
[0012] According to one preferred embodiment of the
present invention, the input device is a joystick.
[0013] More preferably, the determining means com-
prise at least one of the following: Speed sensors, accel-
eration sensors, load sensors, deflection sensors, and
distance sensors for determining the distance to an ob-
ject.

1 2 



EP 2 960 746 A1

3

5

10

15

20

25

30

35

40

45

50

55

[0014] According to another preferred embodiment of
the invention, the determining means is provided to de-
termine a possible maximum speed on the basis of meas-
ured sensor data and predetermined data related to con-
struction parameters of the aerial apparatus to be con-
trolled.
[0015] The invention further relates to a method for
controlling the movement of an aerial apparatus, in par-
ticular for controlling a turnable ladder of firefighting ve-
hicle, wherein a manually operable input device is de-
flected in at least one spatial direction by a deflecting
force, the amount of deflection of the input device is con-
verted into a corresponding speed signal, and the aerial
apparatus is moved with a speed corresponding to the
speed signal, wherein the possible maximum speed is
determined, and the deflection of the input device is coun-
teracted or limited according to the determined possible
maximum speed.
[0016] Preferably a restoring force according to the de-
termined possible maximum speed is applied to the input
device acting to restore the input device against the de-
flecting force. According to another preferred embodi-
ment of the method according to the present invention,
a possible maximum speed is determined on the basis
of measured sensor data and predetermined data related
to construction parameters of the aerial apparatus to be
controlled.
[0017] These and other aspects from the invention will
be apparent from and elucidated with reference to a pre-
ferred embodiment of the invention described hereinaf-
ter.
[0018] The only figure 1 is a schematic view of the lay-
out of an embodiment of a control system for controlling
the movement of an aerial apparatus according to the
present invention.
[0019] The control system 10 shown in the figure is
provided for controlling a turnable ladder of a firefighting
vehicle as one example of an aerial apparatus. It is noted
that the control system according to the present invention
is not restricted to the control of such turnable ladders
but is applicable also to other kinds of aerial apparatuses.
The control system 10 comprises a joystick 12 as one
embodiment of an input device which is manually oper-
able. As commonly known, the joystick 12 is deflectable
in different spatial directions (e.g., up, down, left and right)
by a deflection force that can be applied manually by an
operator (not shown). Thus, the joystick, which is shown
in a neutral central position can be deflected by tilting it
sidewards. This tilting movement comprises a direction
component, defined by the direction into which the joy-
stick 12 is deflected, and an absolute value correspond-
ing to the amount of deflection, corresponding to an in-
tended speed of movement into the given direction. The
amount of deflection of the joystick 12 is converted into
a corresponding speed signal by means of processing
unit 14, which senses the direction of deflection of the
joystick 12 as well as the amount of its deflection and
converts it into a corresponding electric speed signal,

which is output by the processing unit 14 and input into
an actuating unit for moving the turnable ladder with a
speed corresponding to the present speed signal. For
example, the actuating unit 16 is a hydraulic unit that
outputs a hydraulic pressure for moving the turnable lad-
der into the given direction with a speed given by the
corresponding speed signal. The actuating unit 16 can
also comprise electric motors or other kinds of actuators
or driving units.
[0020] By the arrangement described above, the
amount of deflection of the input device is turned into a
corresponding movement of the turnable ladder with a
speed determined by the deflection of the input device.
[0021] To each aerial apparatus, like a turnable ladder
in the present embodiment, there are certain restrictions
for a speed of movement, depending on different param-
eters, like the extension range of the turnable ladder, the
present acceleration at different points, the mechanical
load, for example, the weight measured at the tip of the
ladder, bending forces acting on the ladder, etc. One fur-
ther speed limiting factor may also be the distance of the
ladder to an external object. For example, it could be
determined to move the ladder slowly near an object, to
prevent the danger of a collision of the ladder with the
object.
[0022] To determine the possible maximum speed for
the movement of the ladder, determining means are pro-
vided that comprise sensors 18, like speed sensors, ac-
celeration sensors, weight sensors, load sensors and/or
distance sensors for determining a distance to an object.
The determining means may further comprise a calcula-
tion unit 20 for calculating a possible maximum speed
from the sensor data measured by the sensors 18 and/or
by other predetermined data related to construction pa-
rameters of the turnable ladder to be controlled.
[0023] The control system 10 further comprises re-
stricting means 22 for counteracting the deflection of the
joystick 12 according to the possible maximum speed
determining by the determining means 18, 20. In the
present embodiment, this counteraction is provided by
applying a restoring force according to the determined
possible maximum speed to the joystick 12. This restor-
ing force acts to restore the joystick 12 against the de-
flecting force applied manually by the operator. By the
application of the restoring force, the joystick 12 is forced
back into its neutral position to decrease the amount of
its deflection and the lower the speed set by the joystick
12. The restoring force gives a haptic feedback to the
operator, because the operation of the joystick 12 is only
possible against the restoring force applied by the restric-
tion means 22. For this purpose, the restriction means
22 may comprise motors or any other driving means to
apply the restoring force. The force applied by these mo-
tors or driving means is set according to determined pos-
sible maximum speed, as described before.
[0024] In the present control system 10, there is a direct
feedback informing the operator about the present speed
situation of the turnable ladder, because the possible
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maximum speed is determined in real time and for the
present operation situation and he is informed immedi-
ately at any point of time about the possible maximum
speed. Exceeding the present possible maximum speed
can be prevented effectively by applying a restoring force
that is high enough. This direct feedback effect can also
be described as a "force feedback". According to a dif-
ferent embodiment of the present invention, the restrict-
ing means 22 is provided to limit the deflection of the
input device according to the determined possible max-
imum speed. In this embodiment the input device, like a
joystick 12, can be moved within certain limits freely and
without the application of any restoring force. However,
the limits of this movement are set according to the pos-
sible maximum speed that has been determined by the
determining means 18, 20 on the basis of the sensor data
and predetermined data related to construction param-
eters of the aerial apparatus to be controlled. According
to the present situation of the aerial apparatus, the limits
of the movement of the input device can be adapted dy-
namically in real time corresponding to the present pos-
sible maximum speed.
[0025] In the control system 10 of this embodiment,
the joystick 12 as one example of a manually operable
input device is deflected in at least one spatial direction
by a deflection force applied by an operator, and the
amount of deflection of the input device is converted into
a corresponding speed signal. The turnable ladder is one
example of the aerial apparatus is moved with a speed
corresponding to the speed signal. During operation, a
possible maximum speed of movement of the aerial ap-
paratus is determined, and the deflection of the input de-
vice is counteracted or limited according to determined
possible maximum speed.
[0026] In the present embodiment the restoring force
according to the determined possible maximum speed
is applied to the joystick 12 acting to restore the joystick
12 against the deflecting force applied by the operator.
The possible maximum speed can be determined on the
basis of measured sensor data and predetermined data
related to construction parameters of the aerial apparatus
to be controlled.
[0027] This invention can be implemented advanta-
geously in a computer program comprising program code
means for performing one or more steps of such method,
when such program is run on a computer. For this reason
the patent shall also cover such computer program and
the computer-readable medium that comprises a record-
ed message, such computer-readable medium compris-
ing the program code means for performing one or more
steps of such method, when such program is run on a
computer.
[0028] Many changes, modifications, variations and
other uses and applications of the subject invention will
become apparent to those skilled in the art after consid-
ering the specification and the accompanying drawings
which disclose preferred embodiments thereof. All such
changes, modifications, variations and other uses and

applications which do not depart from the spirit and scope
of the invention are deemed to be covered by this inven-
tion.
[0029] Further implementation details will not be de-
scribed, as the man skilled in the art is able to carry out
the invention starting from the teaching of the above de-
scription.

Claims

1. Control system (10) for controlling the movement of
an aerial apparatus, in particular for controlling a
turnable ladder of a firefighting vehicle, comprising
a manually operable input device that is deflectable
in at least one spatial direction by a deflecting force,
an processing unit (14) for converting the amount of
deflection of the input device into a corresponding
speed signal and an actuating unit (16) for moving
the aerial apparatus with a speed corresponding to
the speed signal, characterized by determining
means (18,20) for determining a possible maximum
speed and restricting means (22) for counteracting
or limiting the deflection of the input device according
to the determined possible maximum speed.

2. Control system according to claim 1, characterized
in that the restricting means is provided to apply a
restoring force according to the determined possible
maximum speed to the input device acting to restore
the input device against the deflecting force.

3. Control system according to claim 1 or 2, charac-
terized in that the input device is a joystick (12).

4. Control system according to one of claims 1 to 3,
characterized in that the determining means (18)
comprise at least one of the following: speed sen-
sors, acceleration sensors, load sensors, deflection
sensors, and distance sensors for determining a dis-
tance to an object.

5. Control system according to claim 4, characterized
in that the determining means (18, 20) is provided
for determining a possible maximum speed on the
basis of measured sensor data and predetermined
data related to construction parameters of the aerial
apparatus to be controlled.

6. Method for controlling the movement of an aerial ap-
paratus, in particular for controlling a turnable ladder
of a firefighting vehicle, wherein a manually operable
input device is deflected in at least one spatial direc-
tion by a deflecting force, the amount of deflection
of the input device is converted into a corresponding
speed signal, and the aerial apparatus is moved with
a speed corresponding to the speed signal, charac-
terized in that a possible maximum speed is deter-
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mined, and the deflection of the input device is coun-
teracted or limited according to the determined pos-
sible maximum speed.

7. Method according to claim 6, characterized in that
a restoring force according to the determined possi-
ble maximum speed is applied to the input device
acting to restore the input device against the deflect-
ing force.

8. Method according to claim 7, characterized in that
a possible maximum speed is determined on the ba-
sis of measured sensor data and predetermined data
related to construction parameters of the aerial ap-
paratus to be controlled.

9. Computer program comprising computer program
code means adapted to perform all the steps of one
of claims 6 - 8, when said program is run on a com-
puter.

10. A computer readable medium having a program re-
corded thereon, said computer readable medium
comprising computer program code means adapted
to perform all the steps of one of claims 6 - 8, when
said program is run on a computer.
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