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Description

[0001] The invention relates to a switching device, a
medical apparatus comprising the switching device, and
a method for operating the switching device, in particular
to a switching device, a medical apparatus comprising
the switching device, and a method for operating the
switching device proving a single fault condition safety.
[0002] In medical applications, there are certain "es-
sential performances" of medical apparatuses which are
to be provided even upon appearance of a single fault
condition. In case that the medical apparatus is an oper-
ating table, these "essential performances" mostly relate
to movements of the operating table. In particular, the
movements of the operating table must not be possible
without any intention of a user. Therefore, actuating of
predefined actions of the operating table can be per-
formed by means of a switching device by switching sev-
eral redundant switches actuated by operating one ac-
tuator and by evaluating signals of the several switches.
However, such a configuration requires one output chan-
nel for each switch so that, due to an increase of actuated
functions, a cable transmitting the signals to an evalua-
tion unit of the operating table has to have additional lines
which, on the one hand, increases the manufacturing
costs and, on the other hand, renders a compatibility with
existing connection devices impossible.

[0003] In order to avoid the increase of the number of
the lines, electronics provided in the switching device and
providing serial signals can be used. However, this re-
quires electronics, e.g., using a microcontroller, which in
turn also increases the manufacturing costs and renders
a compatibility with existing connection devices impos-
sible.

[0004] Therefore, the object underlying the invention
is to remedy the above-mentioned disadvantages and to
provide a switching device for a medical apparatus, the
switching device including a simple equipment and avoid-
ing an increase of the number of output channels for a
safe operation even in case of a single fault.

[0005] The object is achieved by a switching device
according to claim 1, a medical apparatus according to
claim 12, and a method according to claim 13. Advanta-
geous further developments are included in the depend-
ent claims.

[0006] According to an aspect of the invention, a
switching device for a medical apparatus comprises at
least two actuators configured to actuate a respectively
predefined action of the medical apparatus, several out-
put channels configured to transmit a respective output
signal to the medical apparatus for actuating the respec-
tively predefined action, and several switch units respec-
tively connected to one of the several output channels,
wherein a first switch unit and a second switch unit of the
switch units are assigned to one of the at least two actu-
ators, the atleast two actuators are configured to actuate
the first and second switch units assigned to a respective
actuator of the two actuators to change their switching
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state upon one actuating motion of the respective actu-
ator, and the first and second switch units assigned to
one of the atleasttwo actuators are connected to different
output channels. The switching device is configured such
that the output signal of a predefined output channel of
the output channels is determined by the switching states
of the switch units assigned to different actuators of the
two actuators and being connected to the predefined out-
put channel.

[0007] By this configuration, output signals at two dif-
ferent output channels are changed by operating one of
the actuators. Therefore, in an evaluation unit of the med-
ical apparatus downstream of the switching device, an
operation of a respective one of the two actuators can
be determined redundantly by the switching state of two
switch units which can assist in determining a single fault
condition.

[0008] Moreover, due to the definition of the output sig-
nal by the switching states of the switch units assigned
to different actuators, i.e., the switch units assigned to
different actuators are connected to one output channel,
even though merely two output channels are used,
switching states of four switch units can be detected so
that a safe operation by avoiding an increase of the
number of output channels can be achieved.

[0009] In an advantageous implementation of the
switch device, the at least two actuators with respectively
assigned first and second switch units are provided in a
predetermined number larger than two, and the output
channels are provided in the predetermined number.
[0010] The provision of more than two actuators with
respectively assigned switch units enables performing a
larger number of predefined actions of the medical ap-
paratus.

[0011] Inafurtheradvantageousimplementation ofthe
switch device, the switching device comprises an input
channel, the output channels are configured as analog
channels, and the switch units connected to one of the
output channels, depending on their switching states,
provide different electric potentials with respect to an in-
put channel as the output signal at the one of the output
channels.

[0012] By the analog outputchannel providing different
electric potentials, a simple configuration of the switching
device without an own controller is possible which reduc-
es manufacturing costs and provides a flexibility of the
use of the switching device. Namely, an accordingly
adapted evaluation unit of different medical apparatuses
for actuating predefined actions of different kinds of med-
ical apparatuses can be used collaborating with the same
switch device.

[0013] Inafurtheradvantageousimplementation ofthe
switching device, the switching device is respectively pro-
vided with several serially connected resistors as poten-
tial dividers between the input channel and each of the
output channels, wherein respectively two of the resistors
have a junction therebetween, and the switch units are
respectively connected to the input channel and to one
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of the junctions.

[0014] This configuration is a simple option for provid-
ing the different electric potentials without the need of a
controller or costly components.

[0015] In a yet further advantageous implementation
of the switch device, the switching device comprises a
separation equipment configured to separate the switch
units from each other.

[0016] By the separation equipment, a failure of sev-
eral switch units due to a root failure can be avoided so
that the safety is improved.

[0017] Inanotheradvantageousimplementation of the
switching device, the separation equipment comprises a
barrier, and the first switch unit and the second switch
unit assigned to one of the actuators are arranged such
that the barrier is located between the first switch unit
and the second switch unit respectively assigned to the
one of the actuators.

[0018] By the separation equipment comprising the
barrier, a failure of several switch units due to the root
failure impairing the function, e.g., upon an ingress of
liquid, can be avoided since, e.g., the intruded liquid can
be hindered to reach several of the switch units. Also,
e.g., a mechanical damage of the switching device does
not imperatively lead to a failure of more of the switch
units due to a mechanical protection of the switch units
by an appropriately formed separation barrier so that the
safety is improved.

[0019] Inafurtheradvantageousimplementation ofthe
switching device, the first and second switch units as-
signed to one of the actuators are based on different
switching principles.

[0020] Due to the different switching principles of the
first and second switch units assigned to one actuator,
e.g., on the one hand, mechanical contacts operated by
a button and, on the other hand, e.g., reed switches, the
failure of both switch units assigned to one actuator due
to onerootfailure is unlikely so thatthe safety isimproved.
[0021] Inafurtheradvantageousimplementation ofthe
switching device, one of the first and second switch units
assigned to one of the actuators is configured as a nor-
mally open switch and the other one is configured as a
normally closed switch.

[0022] This configuration enables a simple option for
distinguishing a proper function of the switch unitsin case
of several failures, e.g. sticking of contacts, which im-
proves safety.

[0023] Inafurtheradvantageousimplementation ofthe
switching device, upon operation of one of the actuators,
the first switch unit assigned to the one of the actuators
is configured to increase an electric potential at one of
the first output channels and the second switch unit as-
signed to the one of the actuators is configured to de-
crease the electric potential at another one of the output
channels.

[0024] By this principle, a failure due to common mode
interference can be prevented in order to improve safety.
[0025] Inafurtheradvantageousimplementation ofthe
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switching device, the output channels are provided with
a respective additional connection point for providing an
additional different signal at a respective output channel.
[0026] Due to the additional connection point, alterna-
tive functions switched by the switching device can be
added and distinguished.

[0027] A further advantageous implementation of the
switching device comprises a function-changing switch
configured to provide a function-changing signal ata sep-
arate function-changing output channel to the medical
apparatus.

[0028] By this configuration, the number of the prede-
fined actions of the medical apparatus actuated by the
switching devices can be doubled by providing merely
one additional output channel.

[0029] According to a further aspect of the invention,
a medical apparatus comprises the switching device and
an evaluation unit configured to interpret the output sig-
nals of the output channels in order to actuate the re-
spectively defined action of the medical apparatus.
[0030] By such a medical apparatus, performing addi-
tional predefined actions thereof is possible without a ne-
cessity of providing additional output channels of the
switching device. Furthermore, the safety against the sin-
gle fault condition is enhanced.

[0031] According to a further aspect of the invention,
a method is provided, the method comprising the steps:
operating a predefined one of the actuators of the switch-
ing device, thereby, respectively switching one of the first
switch units and one of the second switch units respec-
tively assigned to the predefined one of the actuators to
change the switching states of the switch units, and out-
putting, in a redundant manner by the switching device
at different defined output channels, the output signals
respectively determined by the switching states of the
first switch unit and the second switch unit assigned to
the predefined one of the actuators and by the switching
states of further switch units assigned to another actuator
and being connected to the defined output channels.
[0032] By performing these steps, in an evaluation unit
of the medical apparatus downstream of the switching
device, an operation of a respective one of the actuators
can be determined redundantly by the switching states
of two switch units. This can assist in determining the
single fault condition. Moreover, by this method, even
though merely a reduced number of output channels are
used, switching states of at least twice as much as switch
units can be detected so that a safe operation by using
a reduced number of output channels can be achieved.
[0033] In an advantageous implementation of the
method, depending on the switching state of the switch
units, the output signals at one of the output channels
respectively differ in an electric potential with respect to
an input channel.

[0034] By the provision of the different electric poten-
tials, the operated actuator and, therefore, the actuated
predefined function of the medial apparatus can be de-
termined by the evaluation unit in an easy and reliable
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manner.
[0035] Inafurtheradvantageousimplementation ofthe
method, it comprises the step: operating a function-
changing switch, thereby providing a function-changing
signal at a separate function-changing output channel.
[0036] By performing this step, the number of the pre-
defined actions of the medical apparatus actuated by the
switching devices can be doubled by providing merely
one additional output channel.

[0037] In the following, the invention is elucidated by

means of embodiments referring to the attached draw-

ings.

[0038] In particular,

Fig. 1  shows a medical apparatus and a switching de-
vice according to the invention;

Fig. 2  shows a switching principle of the switching de-
vice of Fig. 1; and

Fig. 3  shows a flowchart of a method according to the
invention for operating the switching device of
Fig 1.

[0039] Fig. 1 shows a medical apparatus 1 comprising

aswitching device 2 according to the invention connected
to the medical apparatus by a cable 3. In the shown em-
bodiment, the medical apparatus 1 is configured as an
operating table and the switching device 2 is configured
as a foot switch. In alternative embodiments, the medical
apparatus 1 is configured as another kind of medical ap-
paratus, such as an operating lamp, and the switching
device is configured as, e.g., a remote control operated
by hand connected to the medical device 1 by the cable.
[0040] The medical apparatus 1 further comprises an
evaluation unit 4 configured to interpret output signals of
output channels of the switching device 2 in order to ac-
tuate a respectively defined action of the medical appa-
ratus 1.

[0041] The switching device 2 comprises three actua-
tors 5.1, 5.2, 5.3 for actuating a respectively predefined
action of the medical apparatus 1. Alternatively, the
switching device 2 comprises merely two, or more than
three actuators 5.1, 5.2, 5.3. The actuators 5.1, 5.2, 5.3
respectively actuate a Trendelenburg motion, a tilting
motion around a longitudinal axis of a tabletop of the op-
erating table, and a lifting motion for a height-adjustment
of the tabletop. Alternatively, the actuators 5 do not ac-
tuate all of these three motions but alternative or addi-
tional motions by means of a respective appropriate
number of actuators 5.1, 5.2, 5.3.

[0042] Furthermore, the switching device 2 comprises
several switch units 6.1, 6.1",6.2’, 6.2", 6.3’, 6.3". A first
switch unit6.1’, 6.2’, 6.3’ and a second switch unit 6.1",
6.2", 6.3" of the several switch units 6.1, 6.1", 6.2", 6.2",
6.3’, 6.3" are respectively assigned to one of the three
actuators 5.1, 5.2, 5.3 and the three actuators 5.1, 5.2,
5.3 are configured to actuate the assigned first and sec-
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ond switch units 6.1’, 6.1", 6.2°, 6.2", 6.3’, 6.3" upon one
actuating motion of a respective actuator 5,1, 5.2, 5.3 of
the three actuators 5.1, 5.2, 5.3 to change a switching
state of the switch units 6.1°, 6.1", 6.2°, 6.2", 6.3, 6.3".
The first switch unit 6.1’ and the second switch unit 6.1"
are assigned to the actuator 5.1, the first switch unit 6.2’
and the second switch unit 6.2" are assigned to the ac-
tuator 5.2, and the first switch unit 6.3’ and the second
switch unit 6.3" are assigned to the actuator 5.3.

[0043] The first switch unit 6.1’, 6.2’, 6.3’ and the sec-
ond switch unit 6.1", 6.2", 6.3" assigned to one of the
actuators 5.1, 5.2, 5.3 are based on different switching
principles. The switching principles are, on the one hand,
e.g., represented by a switching principle of a mechanical
switch, the contacts of which can be connected and dis-
connected by pressing and releasing a button acting to
one of the contacts and, on the other hand, by a reed
switch, the contacts of which are connected and discon-
nected by means of a magnet moved towards the reed
switch and attracting one of the reeds of the reed switch.
Other switching principles, e.g., inductive, capacitive, op-
tical, are alternatively possible.

[0044] The first switch unit 6.1°, 6.2’, 6.3’ is configured
as a normally open switch and the second switch unit
6.1",6.2",6.3" is configured as a normally closed switch.
[0045] Alternatively, the first switch unit6.1’, 6.2, 6.3’
is configured as a normally closed switch and the second
switch unit 6.1", 6.2", 6.3" is configured as a normally
open switch.

[0046] The switching device 2 further comprises a
function-changing switch 8 configured to actuate a
change of the motions of the medical apparatus 1.
[0047] Moreover, the switching device 2 is provided
with a separation equipment configured to respectively
separate the first switch units 6.1’, 6.2’, 6.3’ and the sec-
ond switch units 6.1", 6.2", 6.3" assigned to one of the
actuators 5.1, 5.2, 5.3 from each other. The separation
equipment comprises barriers 7 respectively being locat-
ed between the first switch units 6.1°, 6.2°, 6.3’ and the
second switch units 6.1", 6.2", 6.3" respectively assigned
to one of the actuators 5.1, 5.2, 5.3.

[0048] Fig. 2 shows a switching principle of the switch-
ing device 1 of Fig. 1. The switching device 1 comprises
three output channels 9, 9’, 9", configured to transmit a
respective output signal to the medical apparatus 1 for
actuating the respectively predefined action. The first
switch unit 6.1’ assigned to the actuator 5.1 (Fig. 1) and
the second switch unit 6.3" assigned to the actuator 5.3
(Fig. 1) provide output signals at the output channel 9,
the first switch unit 6.2’ assigned to the actuator 5.2 (Fig.
1) and the second switch unit 6.1" assigned to the actu-
ator 5.1 (Fig. 1) provide output signals at the output chan-
nel 9’, and the first switch unit 6.3’ assigned to the actuator
5.3 (Fig. 1) and the second switch unit 6.2" assigned to
the actuator 5.2 (fig. 1) provide output signals at the out-
put channel 9". This configuration results in that the
switching device 1 is configured such that the output sig-
nal of a predefined output channel 9, 9, 9" of the output
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channels 9, 9', 9" is determined by the switching states
of the switch units 6.1°,6.2°,6.3’,6.1",6.2", 6.3" assigned
to different actuators 5.1, 5.2, 5.3 and being connected
to the predefined output channel 9, 9°, 9".

[0049] The outputchannels9,9’, 9" are provided inthe
same number as the number of the actuators 5.1, 5.2,
5.3. Alternatively, another quantity of output channels
can be provided. In this case, either merely one switch
unit provides an output signal at anyone or several of the
output channels. However, this would require a larger
number of output channels. Or more than two switch units
respectively provide an output signal at any one or sev-
eral of the output channels. However, this could result in
a reduction of the reliability of the switching device since
more different output signals have to be provided at one
output channel.

[0050] The output channels 9, 9’, 9" are configured as
analog channels, and the switch units 6.1’,6.2’,6.3’,6.1",
6.2", 6.3" connected to one of the output channels 9, 9’,
9", depending on their switching states, provide different
electric potentials with respect to an input channel 10 as
the output signal atthe one of the outputchannels 9,9, 9".
[0051] In order to provide the different electric poten-
tials, the switching device 1 is respectively provided with
several serially connected resistors R1, R2, R3, R4, R1’,
R2’, R3’, R4’, R1", R2", R3", R4" as potential dividers
between the input channel 10 and each of the output
channels 9, 9’, 9" of the switching device 1, wherein two
of the potential dividers R1, R2, R3, R1’, R2", R3’, R1",
R2", R3" respectively have a junction therebetween. The
switch units 6.1’,6.2°,6.3’,6.1", 6.2", 6.3" are respective-
ly connected to the input channel 10 and to one of the
junctions 11. Alternatively, the resistors R1, R2, R3, R4,
R1’, R2’, R3, R4’, R1", R2", R3", R4" as the potential
dividers are not respectively serially connected between
the input channel 10 and each of the output channels 9,
9’, 9" butthe switch units6.1’,6.2’,6.3',6.1",6.2",6.3" are
respectively connected to the input channel 10 via one
of the resistors R1, R2, R3, R4, R1’, R2', R3’, R4’, R1",
R2",R3", R4". Therefore, the output signal of each output
channel 9, 9', 9" is an electric potential resulting from the
switching states of all of the switch units 6.1, 6.2°, 6.3’,
6.1",6.2", 6.3" connected to the respective output chan-
nel 9, 9, 9".

[0052] Thefirst switch units 6.1’,6.2’, 6.3’ and the sec-
ond switch units, 6.1", 6.2", 6.3" assigned to one of the
actuators 5.1, 5.2, 5.3 respectively have two states. In a
non-operated state and in an operated state of the actu-
ators 5.1, 5.2, 5.3, the respectively assigned first and
second switch units 6.1’, 6.2’, 6.3°, 6.1", 6.2", 6.3" have
predefined switching states, which, in case of the switch-
ing device 1 comprising the potential dividers, resultin a
predefined electric potential at each output channel 9, 9’,
9". Each electric potential, which is not an exact value
but a voltage range, provided by the output channels 9,
9’, 9" is determined by a combination of switching states
of the switch units 6.1°, 6.2, 6.3, 6.1", 6.2",
6.3" connected to one of the output channels 9, 9’, 9".
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By combining the electric potential of the output signal
of several output channels 9, 9’, 9", for each switch unit
6.1,6.2°,6.3’,6.1",6.2",6.3", the current switching state
can be determined. By current switching states of each
of the switch units 6.1, 6.2’, 6.3’, 6.1", 6.2", 6.3", the op-
erated actuator 5.1, 5.2, 5.3 and, therefore, a desired
function of the medical apparatus 1 can be determined.
Ifthe electric potential provided by one of the output chan-
nels 9, 9, 9" is not defined in the evaluation unit 4 or a
change ofthe electric potential of several output channels
9, 9, 9" is not defined in the evaluation unit 4, a failure
of the switching device 1 can be determined.

[0053] The resistance value of the respective resistors
R1, R2, R3, R4, R1’, R2’, R3’, R4’, R1", R2", R3", R4" is
to be set such that the voltage ranges caused by the
different resistors R1, R2, R3, R4 at the output channel
9,and by the resistors R1’, R2', R3’, R4’ at the output
channel 9’, and by the resistors R1", R2", R3", R4" at the
output channel 9" do not overlap. Therefore, tolerances
of the resistors R1, R2, R3, R4, R1’, R2’, R3’, R4’, R1",
R2", R3", R4", contact tolerances of the electric contacts,
and supply voltage tolerances have to be considered.
[0054] Due to the provision of the first switch units 6.1°,
6.2’,6.3’as normally closed switch and the second switch
units 6.1", 6.2", 6.3" as normally open switch at one of
the output channels 9, 9’, 9" and due to the assignment
of one of the first switch units 6.1°, 6.2’, 6.3’ and one of
the second switch units 6.1", 6.2", 6.3" to one of the ac-
tuators 5.1, 5.2, 5.3, in this embodiment, upon operation
of one of the actuators 5.1, 5.2, 5.3, the assigned first
switch unit 6.1’, 6.2’, 6.3’ increases an electric potential
at one of the output channels 9, 9’, 9" and the second
switch unit6.1", 6.2", 6.3" decreases an electric potential
at the other one of the output channels 9, 9’, 9". Alterna-
tively, depending on the kind of the switch unit, upon op-
eration of one of the actuators 5.1, 5.2, 5.3, the assigned
first switch unit 6.1’, 6.2°, 6.3’ decreases an electric po-
tential at one of the output channels 9, 9, 9" and the
second switch unit 6.1", 6.2", 6.3" increases an electric
potential at the other one of the output channels 9, 9’, 9",
or both of the first and second switch units 6.1°,6.2°, 6.3,
6.1",6.2", 6.3" can either increase or decrease the elec-
tric potential at the output channel 9, 9, 9".

[0055] Alternatively, the switch units 6.1°, 6.2’, 6.3,
6.1",6.2",6.3" do not provide different electric potentials
at the respective output channel 9, 9, 9" but other output
signals having different characteristics, e.g., a different
frequency.

[0056] The output channels 9, 9, 9" are provided with
a respective connection point 12 for providing an addi-
tional different signal at the respective output channel 9,
9, 9". Alternatively, no connection point 12 for providing
an additional different signal at the respective output
channel 9, 9°, 9" is provided.

[0057] The function-changing switch 8 is configured to
provide the function-changing signal at a separate func-
tion-changing output channel 13. Alternatively, no func-
tion-changing signal is provided but a changed function
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of the operating table is performed using the switch units
6.1,6.2’,6.3,6.1", 6.2", 6.3".

[0058] Fig. 3 shows a flowchart of a method according
to the invention for operating the switching device 2.
[0059] During operation, in an optional step S1, the
function-changing switch 8 is operated, thereby providing
afunction-changing signal at a separate function-chang-
ing output channel 13.

[0060] In a second step S2, one of the actuators 5.1,
5.2, 5.3 of the switching device 1 is operated and, there-
by, one of the first switch units 6.1’, 6.2’, 6.3’ and one of
the second switch units 6.1", 6.2", 6.3" assigned to the
one of the actuators 5.1, 5.2, 5.3 are switched to change
their switching states and, in a redundant manner by the
switching device at different defined output channels 9,
9’, 9", the output signals determined by the switching
states of the first switch unit6.1’,6.2’, 6.3’ and the second
switch unit 6.1", 6.2", 6.3" assigned to the actuator 5.1,
5.2, 5.3 and by the switching states of further switch units
6.1,6.2", 6.3, 6.1", 6.2", 6.3" assigned to another actu-
ator 5.1, 5.2, 5.3 and being connected to the defined out-
put channels 9, 9°, 9" are output.

[0061] Depending on the switching state of the switch
units, the output signals at one of the first and second
output channels 9, 9, 9" respectively differ in an electric
potential with respect to the input channel 10. Alterna-
tively, output signals having, e.g., a different frequency
are output.

[0062] Although the present invention has been de-
scribed with reference to specific features and embodi-
ments thereof, it is evident that various modifications and
combinations can be made thereto without departing
from the spirit and scope of the invention. The specifica-
tion and drawings are, accordingly, to be regarded simply
as an illustration of the invention as defined by the ap-
pended claims, and are contemplated to cover any and
all modifications, variations combinations or equivalents
that fall within the scope of the present invention.

Claims

1. A switching device (2) for a medical apparatus (1),
the switching device (2) comprising
at least two actuators (5.1, 5.2, 5.3) configured to
actuate a respectively predefined action of the med-
ical apparatus (1),
several output channels (9, 9’, 9") configured to
transmit a respective output signal to the medical
apparatus (1) for actuating the respectively prede-
fined action, and
several switch units (6.1, 6.2°, 6.3’, 6.1", 6.2", 6.3")
respectively connected to one of the several output
channels (9, 9°, 9"),
wherein
afirst switch unit (6.1’,6.2°, 6.3’) and a second switch
unit (6.1", 6.2", 6.3") of the switch units (6.1’, 6.2’,
6.3’, 6.1", 6.2", 6.3") are assigned to one of the at
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least two actuators (5.1, 5.2, 5.3), and the at least
two actuators (5.1, 5.2, 5.3) are configured to actuate
the firstand second switch units (6.1’,6.2°,6.3’,6.1",
6.2", 6.3") assigned to a respective actuator (5.1,
5.2,5.3) of the two actuators (5.1, 5.2, 5.3) to change
their switching state upon one actuating motion of
the respective actuator (5.1, 5.2, 5.3),

the firstand second switch units (6.1’,6.2’, 6.3’,6.1",
6.2", 6.3") assigned to one of the at least two actu-
ators (5.1, 5.2, 5.3) are connected to different output
channels (9, 9', 9"), and

the switching device (2) is configured such that the
output signal of a predefined output channel (9, 9,
9") of the output channels (9, 9’, 9") is determined
by the switching states of the switch units (6.1’, 6.2’,
6.3, 6.1", 6.2", 6.3") assigned to different actuators
(5.1, 5.2, 5.3) of the two actuators (5.1, 5.2, 5.3) and
being connected to the predefined output channel
(9,9, 9".

The switching device (2) of claim 1, wherein

the at least two actuators (5.1, 5.2, 5.3) with respec-
tively assigned first and second switch units (6.1,
6.2°,6.3,6.1",6.2",6.3") are provided in a predeter-
mined number larger than two, and

the output channels (9, 9', 9") are provided in the
predetermined number.

The switching device (2) of claim 1 or 2, wherein
the switching device comprises an input channel
(10),

the output channels (9, 9°, 9") are configured as an-
alog channels, and

the switch units (6.1’,6.2",6.3',6.1", 6.2", 6.3") con-
nected to one of the output channels (9, 9°, 9"), de-
pending on their switching states, provide different
electric potentials with respect to an input channel
(10) as the output signal at the one of the output
channels (9, 9', 9").

The switching device (2) of claim 3, wherein

the switching device (2) is respectively provided with
several serially connected resistors (R1, R2, R3, R4,
R1’, R2’, R3, R4’, R1", R2", R3", R4") as potential
dividers between the input channel (10) and each of
the output channels (9, 9°, 9"), wherein respectively
two of the resistors (R1, R2, R3, R4, R1’, R2", R3’,
R4’, R1", R2", R3", R4") have a junction (11) there-
between, and

the switch units (6.1, 6.2', 6.3’, 6.1", 6.2", 6.3") are
respectively connected to the input channel (10) and
to one of the junctions (11).

The switching device (2) of claim 3 or 4, wherein
the switching device (2) comprises a separation
equipment configured to separate the switch units
(6.1,6.2,6.3,6.1", 6.2", 6.3") from each other.
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The switching device (2) of claim 5, wherein

the separation equipment comprises a barrier (7),
and

the first switch unit (6.1°, 6.2°, 6.3’) and the second
switch unit (6.1", 6.2", 6.3") assigned to one of the
actuators (5.1, 5.2, 5.3) are arranged such that the
barrier (7) is located between the first switch unit
(6.1°,6.2’,6.3’) and the second switch unit (6.1", 6.2",
6.3") respectively assigned to the one of the actua-
tors (5.1, 5.2, 5.3).

The switching device (2) of any preceding claim,
wherein

the first and second switch units (6.1’,6.2°,6.3", 6.1",
6.2",6.3") assigned to one of the actuators (5.1, 5.2,
5.3) are based on different switching principles.

The switching device (2) of any preceding claim,
wherein

one of the first and second switch units (6.1’, 6.2’,
6.3’,6.1",6.2",6.3") assigned to one of the actuators
(5.1,5.2,5.3)is configured as anormally open switch
and the other one is configured as a normally closed
switch.

The switching device (2) of claim 8, wherein

upon operation of one of the actuators (5.1, 5.2, 5.3),
the first switch unit (6.1°, 6.2’, 6.3’) assigned to the
one of the actuators (5.1, 5.2, 5.3) is configured to
increase an electric potential at one of the output
channels (9, 9’, 9") and the second switch unit (6.1",
6.2", 6.3") assigned to the one of the actuators (5.1,
5.2, 5.3) is configured to decrease the electric po-
tential at another one of the output channels (9, 9’,
9").

The switching device (2) of any preceding claim,
wherein

the output channels (9, 9’, 9") are provided with a
respective connection point (12) for providing an ad-
ditional different signal at a respective output chan-
nel (9, 9, 9").

The switching device (2) of any preceding claim, fur-
ther comprising

a function-changing switch (8) configured to provide
a function-changing signal at a separate function-
changing output channel (13) to the medical appa-
ratus (1).

A medical apparatus (1) comprising

a switching device (2) of one of the preceding claims,
and

an evaluation unit (4) configured to interpret the out-
put signals of the output channels (9, 9’, 9") in order
to actuate the respectively defined action of the med-
ical apparatus (1).
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13.

14.

15.

A method for actuating a predefined action of a med-
ical apparatus (1) according to claim 12, the method
comprising the steps:

operating a predefined one of the actuators (5.1,
5.2, 5.3) of the switching device (2), thereby, re-
spectively switching one of the first switch units
(6.1, 6.2°, 6.3’) and one of the second switch
units (6.1", 6.2", 6.3") respectively assigned to
the predefined one of the actuators (5.1, 5.2,
5.3) to change the switching states of the switch
units (6.1’, 6.2’, 6.3, 6.1", 6.2", 6.3"); and
outputting, in aredundant manner by the switch-
ing device (2) at defined different output chan-
nels (9, 9, 9"), the output signals respectively
defined by the switching states of the first switch
unit (6.1°, 6.2°, 6.3’) and the second switch unit
(6.1",6.2", 6.3") assigned to the predefined one
of the actuators (5.1, 5.2, 5.3) and by the switch-
ing states of further switch units (6.1’, 6.2°, 6.3,
6.1", 6.2", 6.3") assigned to another actuator
(5.1, 5.2, 5.3) and being connected to the de-
fined output channel (9, 9, 9").

The method according to claim 13, wherein,
depending on the switching state of the switch units
(6.1,6.2°,6.3,6.1",6.2", 6.3"), the output signals at
one of the output channels (9, 9’, 9") respectively
differ in an electric potential with respect to an input
channel (10).

The method according to claim 13 or 14, further com-
prising the step:

operating a function-changing switch (8), thereby
providing a function-changing signal at a separate
function-changing output channel (13).
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