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(54) Bus system and method for operating a bus system

(57) The present invention is directed to a method
and a system for operating a bus system. The bus system
comprises at least two bus lines formed as respective
loops, a plurality of switching elements 51 to 5n connected
in series so as to divide one of the bus lines in a plurality
of sections, a central control unit 7 connected with the
ends of the bus lines 1, 3, and a plurality of bus devices
91 to 9m connected in parallel between the two bus lines
1, 3 and distributed along the bus lines 1, 3 so that a bus
device 9y is interposed between two consecutive switch-
ing elements 5x, 5x+1. The method comprise applying a

supply voltage to both ends of the bus lines 1, 3 starting
from terminals A, B of the central processing unit 7 and
closing the switching elements 51, 5n upon reception of
the supply voltage, so as to connect the subsequent re-
spective sections of the bus from both ends, until all
switching elements 51, 52, 53, 54, ... 5n are closed or until
a short circuit is detected. If a short circuit is detected,
the last two switching elements closed before detecting
the short circuit will be re-opened and the connection of
the bus devices will continue only from one side, either
terminal A side or terminal B side.
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Description

[0001] The present invention is directed to a bus sys-
tem and to a method for operating such a bus system.
[0002] Bus systems are used in fire detection and
alarming installations in buildings, where a two-wired bus
is used to supply power and communication to a plurality
of bus devices connected in parallel to each other be-
tween two of the bus lines.
[0003] It is well-known to form these bus lines into a
loop starting and ending at a central control unit. Such a
bus system is known for example from DE
102010047220.
[0004] If a short circuit arises along a bus line or in a
bus device, in case of forming the bus lines into a loop it
is possible to isolate a short circuit and to operate the
system now as two branch lines, each starting at the cen-
tral control unit and ending immediately before the short
circuit. In this way, it is possible to preserve the operability
of the bus system to a large extent.
[0005] Usually, the bus is divided by a plurality of
switching elements or interrupters, which might be asso-
ciated with the bus devices, so as to interrupt or connect
a respective bus line. For example, a bus device might
have for two switching elements, one on an input side
and the other on an output side.
[0006] In operation, when a short circuit occurs along
a bus line, the supply voltage at the bus drops remarkably
and in consequence all switching elements open.
[0007] Subsequently, the central control unit restarts
the bus system by applying the supply voltage to the bus
line. The first switching element, which is in an open state,
will detect the supply voltage and close the switches so
as to connect with the bus line. Subsequently, the second
switching element will detect the supply voltage and will
change in the closed state as well. This process goes on
until reaching the short circuit. That is, when closing the
switching element immediately before the short circuit,
the drop of the voltage will be recognized, and the switch-
ing element will open again.
[0008] Subsequently, the central control unit will start
to apply the supply voltage to the other branch line that
is to other end of the former loop of bus lines and one
switching element after the other will close until reaching
the short circuit. When closing the switching element im-
mediately before the short circuit, the associated bus de-
vice will detect the drop in the voltage and will open this
switching element again. At the end, the system will be
implemented as two separated branch lines, each ex-
tending from the central control unit to the switching el-
ement immediately before the short circuit.
[0009] One drawback of this configuration is that it
might take a long time to restart this system after a short
circuit.
[0010] In modern fire detector systems implementing
this kind of bus configuration some of the bus devices
have large capacities, and it might take a long time after
closing one switching element before the supply voltage

applies to the next switching element with a necessary
level to close the next switching element. The same holds
true for voice-operated alarm devices.
[0011] The present invention intends to solve this prob-
lem.
[0012] According to the present invention there is pro-
vided a method for operating a bus system. The bus sys-
tem comprises at least two bus lines formed as respective
loops, a plurality of switching elements connected in se-
ries so as to divide one of the bus lines in a plurality of
sections, a central control unit connected with the ends
of the bus lines and a plurality of bus devices connected
in parallel between the two bus lines and distributed along
the bus lines, so that a bus device is interposed between
two consecutive switching elements.
[0013] According to the invention the method compris-
es the steps of:

(a) applying a supply voltage to both ends of the bus
lines starting from the central processing unit;
(b) closing the switching elements upon reception of
the supply voltage, so as to connect the subsequent
respective sections of the bus including the bus de-
vices from both ends;
(c) monitoring the bus lines 1, 3 in order to detect a
first short circuit;

if no first short circuit is detected, repeating steps (a), (b)
and (c) until all switching elements are closed or until a
first short circuit is detected.
[0014] If a first short circuit is detected, the method
comprises:

(d) opening the two switching elements closed im-
mediately before detecting the first short circuit;
(e) closing again one of the switching elements
opened in step (d);
(f) monitoring the bus lines in order to detect a second
short circuit.

[0015] If a second short circuit is detected:

(g) opening the switching element closed immedi-
ately before detecting the second short circuit and
keeping this switching element open and
(h) closing again the other switching element opened
in step (d).

[0016] The invention provides the benefit that the sys-
tem is started from both ends of the bus lines simultane-
ously, so that the time for connecting all bus devices is
reduced to a half.
[0017] However, since in this case, when two switching
elements - one at each side - close within a short time
period and one of them is adjacent to a short circuit, it is
not easy to discriminate which of the switching elements
closed in the last step is adjacent to the short circuit. The
invention therefore proposes the above method, to open
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again the last two switching elements closed immediately
before detecting the short circuit, and then, with different
time periods respectively time delays, closing these
switching elements again, so as to surely recognize
which of these switching elements is adjacent to the short
circuit.
[0018] In this way, the reliable and fast recovery of the
alarm system in case of a short circuit is possible.
[0019] According to a further advantageous aspect of
the invention the method comprises an initialization step
for setting the time periods for closing each switching
element again after the detection of a first short circuit.
[0020] Basically, there are various different forms to
set these time periods or delay times.
[0021] One advantageous form to set the time periods
might be a dedicated time period writing command from
the central control unit, which can be used to write a cor-
responding individual delay time into an internal memory
of each switching element or an associated bus device.
[0022] A further advantageous system might be to al-
low the central control unit to run a dedicated initialization
sequence that can be used the first time the system is
started. In this case, the central control unit would apply
the supply voltage only from one end of the bus lines, so
that all switching elements are closed one after the other
in series. At that occasion the switching elements can
recognize the direction from which the voltage is applied,
and can store a first delay time for this event. Additionally,
the switching elements can store a second delay time,
which can be set at a different value, for the case that a
supply voltage would be applied from the other direction.
[0023] Accordingly, after opening the switching ele-
ments upon detection of a first short circuit in step (d),
the closing of the switching elements in steps (e) and (h)
will be done at a different timings so that it can be iden-
tified which one of these switching elements is adjacent
to the short circuit.
[0024] As a further alternative it might be possible to
construct the switching elements by hardware so that
they have a dedicated direction of connection with the
bus.
[0025] Finally it is possible to set individual delay times
at random when manufacturing the switching elements.
In this way the probability that the two switching elements
will close again at the same time can be reduced.
[0026] As a further advantageous aspect of the inven-
tion - in a bus system offering an information exchange
capability between the switches, bus devices and central
control unit, it is possible to register the bus address of
the last bus device before the switching elements which
remain open. This information can be stored in a memory
of the central processing unit and can be used to issue
a notification message helping to locate the short circuit.
[0027] According to the invention, furthermore, there
is provided a corresponding bus system which is config-
ured to operate according to the above-described meth-
od.
[0028] According to another aspect of the invention a

bus device and one or two switching elements are
grouped together at the bus unit, which is individually
addressable by the central control unit.
[0029] A bus device of the invention can be any one
of: an audio alarm device, an optical alarm device, a fire
detector, a burglar detector and a building service man-
agement device.
[0030] Furthermore, according to the invention a cen-
tral control unit is provided, which is specially configured
to be used in a method as described above.
[0031] Furthermore, the invention is directed to a
switching element for a bus system.
[0032] Finally, the invention is directed to a computer
program that, when loaded in the internal memory of a
processor of a central control unit of a bus system will
cause the bus system to perform the above-described
method.
[0033] In the following, preferred embodiments of the
invention will be described based on the enclosed Fig-
ures, showing further advantageous modifications of the
invention.

Fig. 1: the basic design of a bus system;
Fig. 2: a block diagram of a switching element used

in the bus system of Fig. 1;
Fig. 3: a flowchart of the initialization step in a pre-

ferred embodiment, and
Fig. 4: a flowchart of the program execution in a mi-

croprocessor of a switching element according
to Fig. 2;.

[0034] As Fig. 1 shows, a central control unit containing
the inherently-known components, e.g. for public ad-
dress systems, has a connection R for the start of a two-
wired ring line and a connection B for the end of this ring
line. The wires of the ring line are looped through switch-
ing elements 51, 52 ... 5n. In practice, the ring line may
comprise 60 or more switching elements. Loudspeakers
- not shown here - are connected to the wires of the ring
line in the switching elements of the public address sys-
tem. Loudspeakers is only one example of a bus device
which might be used in connection with the bus system.
Other bus devices might include audio alarm devices,
optical alarm devices, fire detectors, burglar detectors or
other kind of building service management devices.
[0035] Furthermore, although in the embodiment of
Fig. 1 loudspeakers are shown to be connected with the
switching element, it is possible to connect the bus de-
vices, including loudspeakers to the line sections be-
tween the switching elements directly.
[0036] Usually, such systems involve the audio signals
being supplied at up to 100 Vrms. In addition, the AC
supply voltage supplied is a signal at 22 kHz and with an
amplitude of 50 V, for example.
[0037] Between the central control unit 7 and switching
elements 51 to 5n and between switching elements 51 to
5n themselves, there is no need to provide separate com-
munication links, unlike in the case of some alarm sys-
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tems, e.g. fire alarm systems, which are designed using
ring bus technology and have, on the ring bus, switching
elements which communicate digitally at least with a cen-
tral control unit and are controlled by a dedicated bus
communication protocol. However, communication be-
tween the bus devices, switching elements and central
control unit is not excluded and can be advantageously
used in many cases.
[0038] Fig. 2 shows a simplified block diagram of a
switching element 51, drawn with one pole. The contact
terminal 5A has the incoming ring line 1 connected to it,
and the contact terminal 5B has the outgoing ring line
connected to it. Two switches S1 and S2 are connected
in series in a wire of the ring line. The ring line is looped
through contact terminal 5A to contact terminal 5B. Be-
tween S1 and S2 there is a contact terminal 5C for con-
necting a loudspeaker 92 as a bus device 9. Further loud-
speakers 91 to 9n may be connected to the ring line out-
side the switching elements.
[0039] The switches S1 and S2 are in this case de-
signed as relays which are not shown here in any more
detail, both on account of the high audio voltages and on
account of the high audio currents. The relays and hence
the switches S1 and S2 are controlled by a microcontrol-
ler, specifically on the basis of whether there is an ade-
quate voltage level on the input and/or the output, to be
more precise, whether a prescribed supply voltage level
is exceeded or undershot. The separate voltage checking
circuits, respectively the short circuit detection means,
which are required for this purpose are known and there-
fore not shown in more detail.
[0040] The microcontroller receives its operating volt-
age from a power supply unit. The power supply unit can
be any of an external power supply unit or an internal
power supply unit like a large capacitor or a secondary
cell, which might be charged from the AC supply voltage
via rectifiers during normal operation.
[0041] Fig. 3 shows an example of an initialization rou-
tine that can be used when setting up the bus system of
the invention for the first time.
[0042] In the following, the routine of Fig. 3 is described
as one example for initialization of the bus system.
[0043] In an initial state of the bus system, all switches
of all switching elements 51 to 5n are in an open state,
that is, so that the bus lines are interrupted at any switch-
ing element.
[0044] At the beginning, the central control unit 7 is
advised to apply the supply voltage to the terminal A. The
terminal B does not receive the supply voltage from the
central control unit 7.
[0045] In reaction to applying the supply voltage to ter-
minal A, the first switching element 51 of the series of
switching elements 51 to 5n connected along the bus will
close the switch S1 and, once the supply voltage reaches
the second switch S2, the second switch will close as
well.
[0046] The microcontroller of the switching element 51
will memorize the switching order of switches S1 and S2.

In this way, the switching element 51 knows in which di-
rection of the bus line the terminal A and the terminal B
respectively are located.
[0047] After closing the switches S1 and S2 of the first
switching element 51, the supply voltage applies to the
switching element 52 and again, the first switching ele-
ment S1 and S2 of this switching element 52 will close in
the order described in connection with the first switching
element 51.
[0048] The initialization process will continue until clos-
ing the switches S1 and S2 of the last switching element
5n.
[0049] After that, the bus system is in a condition to
operate normally.
[0050] Based on the information memorized in the
memory element of the individual switching elements 51
to 5n regarding the arrangement of the switches S1 and
S2 with respect to the terminals A and B, the switching
elements 51 to 5n are designed to allocate delay times
to the switches S1 or S2 of each switching element 51 to
5n, depending on the orientation of the switches S1 and
S2 with respect to the terminal A or terminal B.
[0051] For example, a delay time of 0.1 s can be as-
signed to the switches S1 and a delay time of 0,5 s can
be assigned to the switch S2.
[0052] If during the operation of the bus system a short
circuit occurs along the bus or at one of the bus devices,
the supply voltage on the bus line will drop immediately.
As a consequence, all switches S1 and S2 of all switching
elements 51 to 5n will open immediately to protect the
bus system..
[0053] Upon detection of this event, the central control
unit 7 will start a short circuit recovery process, as shown
in the flowchart of Fig. 4.
[0054] In order to accelerate the reestablishment of the
operationability of the bus system of the invention, when
restarting the bus system after a short circuit, the central
control unit 7 is designed to apply the supply voltage at
both terminals A and B, simultaneously.
[0055] As a consequence, the reconnection of the bus
devices 91 to 9n which start from both sides of the loop
and consequently, the time needed to reconnect the bus
devices will be reduced, in best case only half of the time
will be needed to reconnect all the bus devices.
[0056] However, when the connection process contin-
ues, as shown in Fig. 4, so as to reach a location of the
short circuit, upon closing switches S1 or S2 of a switch-
ing element 5x, immediately adjacent to the location of
the short circuit, the voltage on the supply line will drop
again.
[0057] To cope with this event the switching elements
51 to 5n are specially configured. When closing the
switches S1 and S2 the microcontroller of the respective
switching element 5x runs a short circuit monitoring rou-
tine for a predetermined time and monitors the voltage
at the bus. During this time a dedicated threshold value
can be applied to discriminate between the normal op-
eration and a short circuit. If, during this predetermined
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time the voltage at the bus line drops below the above
threshold, the switching element 5x opens the switches
again, since it assumes that a short circuit has occurred.
[0058] The other switching elements 51 to 5x-1 and 5n
to 5n-x+1 will keep their switches closed, since they are
not operating in the short circuit monitoring routine.
[0059] However, the switching element 5n-x, which is
supplied with the supply voltage from the other terminal
as the switching element 5x and which had turned in the
closed state at about the same time as the switching el-
ement 5x will be in the short circuit monitoring routine as
well and will open the associated switches S1 and S2.
[0060] In a subsequent step, the central control unit
will continue to apply the supply voltage from both termi-
nals A and B. The switches of the two switching elements
5x and 5n-x, would therefore close again. However, at
time the delay time previously obtained in the initialization
step will be applied, so that the switches of the switching
elements 5x and that of the switches 5n-x will close at
different timings so as to avoid that these switching ele-
ments run the short circuit monitoring routine at the same
time again. That is, e.g. the switching element 5n-x will
wait a time sufficiently large compared to the predeter-
mined time during which the switching element 5x runs
the short circuit monitoring routine, before closing the
switches S1 and S2 again.
[0061] If the short circuit is located on the site of the
switching element 5x the drop of the voltage will be de-
tected again, and accordingly, the micro controller of the
switching element 5x will know that the short circuit is
immediately adjacent to the switching element 5x. In that
case, the switches of the switching element 5x will remain
open, and the setup of the loop will continue from the site
of the terminal B by closing switches of the switching
element 5n-x
[0062] The closes will continue until reaching the
switching element 5x+1. In case of a short circuit along
the bus line, when closing the switches of the switching
element 5x+1, the micro controller of this switching ele-
ment 5x+1 will detect the drop of the voltage at the bus
line and open the switches S1 and S2 immediately. After
waiting the corresponding predetermined time the
switching element 5x+1 will close the switches again and
will detect the short circuit a new. In consequence, to the
consecutive detection of two short circuit events the mi-
cro controller of this switching element 5x+1 knows, that
the short circuit is immediately adjacent and will therefore
open the switches S1 and S2 and keep them open.
[0063] Therefore, the short circuit will remain isolated
between the switching elements 5x and 5x+1, and the bus
system can be operated in two branch lines.
[0064] On the other hand, if the short circuit is located
adjacent to the switching element 5n-x+1 and not imme-
diately adjacent to the switching element 5x, in the above
process, when closing the switches of the switching el-
ement 5x, no drop of the supply voltage on the bus line
will occur, a short circuit recovery process will continue
on the line starting from the terminal A by closing the

switches of the switching element 5x+1 thereon.
[0065] In this case the short circuit has to be located
adjacent to the switching element 5n-x+1. However, after
the lapse of the delay time associated with this supply
direction or with this switching element, the switching el-
ement 5n-x+1 will close the respective switches again and
will run the short circuit monitoring routine. The drop of
the voltage at the bus line will be detected by the micro-
controller of this switching element, and due to the two
consecutive detections of a short circuit, the micro con-
troller knows that the short circuit is located immediately
adjacent to the switching element 5n-x+1. Therefore, it will
control this switching element so as to keep the respec-
tive switch in an open state.
[0066] It might happen, that at the time the switching
element 5n-x+1 detects this short circuit, an other switch-
ing element, e.g. 5x+y receiving the supply voltage from
the other terminal is running a short circuit monitoring
routine as well. In this case this switching element will
open the respective switches as well. However, since
this was the first short circuit detection at that switching
element 5x+y it will close the switches again after a certain
delay and the reconnection of the bus can proceed.
[0067] In this way, a fast and safe reestablishment of
the operationability of the system in large parts can be
established after a short circuit.
[0068] In a preferred embodiment the micro controller
of the switching elements are designed so as to send a
message including a dedicated address to the central
control unit upon closing the switches. From these mes-
sages the central control unit will know, which switching
elements are immediately adjacent to the short circuit
and might display a corresponding message. However,
a skilled person will recognize that the above method can
be run on a bus system without any bidirectional com-
munication between the switching elements 51 to 5n/bus
devises 91 to 9m and the central control unit 7.
[0069] According to the above-described process, the
delay time is set during the initialization step depending
on the connection direction of the switching elements.
Although this is a preferred embodiment, alternative con-
figurations might be possible. For example, it might be
possible to set an individual and different delay time for
each switching element 51 to 5n by a dedicated command
of the central control unit, which will apply when closing
the switching element again after detection of the first
short circuit. In this way again, it can be avoided that
repeatedly switching elements close simultaneously,
which would obscure the discovery of the location of a
short circuit.
[0070] As a further alternative it is possible to design
the switching elements 51 to 5n so as to have different
connection sites, which differ in the hardware construc-
tion, so that the delay is already built in the switching
element. Although this conveys the drawback that, when
installing the bus system, the workers connecting the
switching elements 51 to 5n have to take care to connect
the switching elements 51 to 5n in the correct orientation,
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it has the advantage that no initial setup procedure is
required, and therefore already at the first time of turning
on the bus system the buildup of the system can start
from both terminals A and B simultaneously.
[0071] The method can be implemented e.g. by pro-
gramming the micro controllers in the switching elements
51 to 5n andf the central control unit with a dedicated
programming when installing an up-date on a corre-
sponding bus system.
[0072] The invention has been described based on a
voice operated alarm system. However the invention can
advantageously be used in a bus system connection
smoke detectors or visual and/or acoustical alarm devic-
es.
[0073] Furthermore, the switching elements 51 to 5n
have been described so as to comprise two switches.
However, it is possible to build each or some switching
devices so as to include only one switch. In this case in
the initialization procedure of Fig. 3. The direction of the
terminals A and B has to be discriminated in a different
manner, e.g. based on the voltage measurement shown
in Fig. 2. Depending on which site the voltage applies
first, the micro controller will set different delay times.
[0074] While in the present invention the micro control-
ler of the switching devices where used to control the
respective steps, it is although possible to assign this
task to a processor in the central control unit. This proc-
essor has to be arranged and implemented so as to mon-
itor the voltage at the bus lines and so as to control the
switching operations of the switches in the switching el-
ements. Although this configuration requires a more com-
plex communication on the bus it has the advantage that
less power is needed in the individual switching devices.
[0075] Although the present invention has been de-
scribed by reference to preferred embodiments, it is clear
that the invention is not limited to these particular em-
bodiments. It is possible to adapt modifications and re-
placements. For example, it is possible to combine the
switching element and the bus devices into a single de-
vice. In that case, the bus device will be connected be-
tween the switches S1 and S2 of a bus device, as shown
in the example of Fig. 2 with the speaker 92. Alternatively,
switching elements 51 to 5n can be provided independent
of the bus devices as well.
[0076] Furthermore, it is not necessary that the bus
devices are loudspeakers. As mentioned above, other
bus elements, such as fire detectors or smoke detectors
or visual alarms can be used instead.

Claims

1. Method for operating a bus system;
the bus system comprising at least two bus lines (1,
3) formed as respective loops, a plurality of switching
elements (51 to 5n) connected in series so as to divide
one of the bus lines in a plurality of sections, a central
control unit (7) connected with the ends of the bus

lines (1, 3), and a plurality of bus devices (91 to 9m)
connected in parallel between the two bus lines (1,
3) and distributed along the bus lines (1, 3) so that
a bus device (9y) is interposed between two consec-
utive switching elements (5x, 5x+1);
the method comprising the steps:

(a) applying a supply voltage to both ends of the
bus lines (1, 3) starting from terminals (A, B) of
the central processing unit (7);
(b) closing the switching elements (51, 5n) upon
reception of the supply voltage, so as to connect
the subsequent respective sections of the bus
from both ends;
(c) monitoring the bus lines (1, 3) in order to de-
tect a first short circuit;
if no first short circuit is detected repeating the
steps (a), (b) and (c) until all switching elements
(51, 52, 53, 54, ..5n) are closed or until a first short
circuit is detected;
if a first short circuit is detected,
(d) opening the two switching elements (51,
5(m-1)) closed immediately before detecting the
first short circuit,
(e) closing again one of the switching elements
(51) opened in step (d);
(f) monitoring the bus lines (1, 3) in order to de-
tect a second short circuit;
if a second short circuit is detected,
(g) opening the switching element (51) closed
immediately before detecting the second short
circuit and keeping this switching element (51)
open, and
(h) closing again the other switching element
(5(m-1)) opened in step (d).

2. The method of claim 1 further comprising the step:

running a short circuit monitoring routine by a
switching element (51 to 5n) for a predetermined
time after closing the switching element, where-
in during the short circuit monitoring routine
comprises monitoring the bus line for a drop of
a voltage below a second threshold value, which
is higher than a threshold value used to monitor
for a short circuit at other times.

3. The method of claim 2 wherein a difference in delay
times between the closing again of the switching el-
ements (5x and 5y) opened in step (d) is larger than
the predetermined time of the short circuit monitoring
routine.

4. The method of claim 1, 2 or 3 further comprising the
step:

upon opening a switching element ((51, 5(m-1))
registering a bus addresses of a last bus devices
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before said switching element (51, 5(m-1), 5o) in
a memory of the central control unit (7);
issuing a notification message informing about
the estimated location of the short circuit based
on this bus addresses.

5. The method of claim 1, 2, 3 or 4 further comprising
an initialisation process which is performed when
setting up the bus system and which comprises the
steps:

applying a supply voltage to one of the bus lines
(1, 3) starting from terminals (A) of the central
processing unit (7);
closing the switching elements (51 to 5n) in se-
ries;
detecting the orientation of each switching ele-
ment (51 to 5n) with regard to the terminal (A);
setting different delay times for the switching el-
ement (51 to 5n) for the case of receiving the
supply voltage via the site of said terminal (A)
than for the case of receiving the supply voltage
via the other site; wherein this delay times are
used to control the closing of the switching ele-
ments in steps (e) and (h).

6. Bus system configure to be operated according to
the method of claims 1 to 5, the bus system com-
prising:

at least two bus lines (1, 3) formed as respective
loops,
a plurality of switching elements (51, 52, 53,
54, ..5n) connected in series so as to divide one
of the bus lines in a plurality of sections,
a central control unit (7), and
a plurality of bus devices (91, 92, 93, 94,...9m)
connected in parallel between the two bus lines
(1, 3) and distributed along the bus lines (1, 3)
so that a bus device (9y) is interposed between
two consecutive switching elements (5x, 5x+1);
wherein the central control unit (7) is configured
to apply a supply voltage to both ends of the bus
lines.

7. Bus system according to claim 6, wherein
a bus device (91, 92, 93, 94,...9m) and one or two
switching elements (51, 52, 53, 54, ..5n) are grouped
as a bus unit (11), which is individually addressable
by the central control unit (7).

8. The bus system according to any of claims 6 or 7,
wherein
the bus devices ((91, 92, 93, 94,...9m) comprise at
least one of:

an audio alarm device,
an optical alarm device,

a fire detector,
a bugler detector, and
a building service management device.

9. A central control unit configured for performing the
method according to any of claims 1 to 5, wherein
the central control unit comprises a processor ar-
ranged and implemented so as to monitor the voltage
at the bus lines (1, 3) and so as to control the switch-
ing operations of the switching elements via the bus.

10. The switching element configured for performing the
method according to any of claims 1 to 5, wherein
the switching element comprises:

at least one switch (S1, S2);
a microcontroller configured to control the
switching operations of the switch (S1, S2);
a short circuit detection means for detecting a
short circuit at the bus line.

11. A computer program that, when loaded in the internal
memory of a processor of a central control unit and/or
the switching elements of a bus system, will cause
the bus system to perform the steps of the method
of any of claims 1 to 5.

Amended claims in accordance with Rule 137(2)
EPC.

1. Method for operating a bus system;
the bus system comprising at least two bus lines (1,
3) formed as respective loops, a plurality of switching
elements (51 to 5n) connected in series so as to divide
one of the bus lines in a plurality of sections, a central
control unit (7) connected with the ends of the bus
lines (1, 3), and a plurality of bus devices (91 to 9m)
connected in parallel between the two bus lines (1,
3) and distributed along the bus lines (1, 3) so that
a bus device (9y) is interposed between two consec-
utive switching elements (5x, 5x+1);
the method comprising the steps:

(a) applying a supply voltage to both ends of the
bus lines (1, 3) starting from terminals (A, B) of
the central processing unit (7);
(b) closing the switching elements (51, 5n) upon
reception of the supply voltage, so as to connect
the subsequent respective sections of the bus
from both ends;
(c) monitoring the bus lines (1, 3) in order to de-
tect a first short circuit;
if no first short circuit is detected repeating the
steps (a), (b) and (c) until all switching elements
(51, 52, 53, 54, ..5n) are closed or until a first short
circuit is detected;
if a first short circuit is detected,
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(d) opening the two switching elements (51,
5(m-1)) closed immediately before detecting the
first short circuit,
(e) closing again one of the switching elements
(51) opened in step (d);
(f) monitoring the bus lines (1, 3) in order to de-
tect a second short circuit;
if a second short circuit is detected,
(g) opening the switching element (51) closed
immediately before detecting the second short
circuit and keeping this switching element (51)
open, and
(h) closing again the other switching element
(5(m-1)) opened in step (d).

2. The method of claim 1 further comprising the step:

running a short circuit monitoring routine by a
switching element (51 to 5n) for a predetermined
time after closing the switching element, where-
in during the short circuit monitoring routine
comprises monitoring the bus line for a drop of
a voltage below a second threshold value, which
is higher than a threshold value used to monitor
for a short circuit at other times.

3. The method of claim 2 wherein a difference in delay
times between the closing again of the switching el-
ements (5x and 5y) opened in step (d) is larger than
the predetermined time of the short circuit monitoring
routine.

4. The method of claim 1, 2 or 3 further comprising the
step:

upon opening a switching element ((5l, 5(m-l))
registering a bus addresses of a last bus devices
before said switching element (5l, 5(m-l), 5o) in a
memory of the central control unit (7);
issuing a notification message informing about
the estimated location of the short circuit based
on this bus addresses.

5. The method of claim 1, 2, 3 or 4 further comprising
an initialisation process which is performed when
setting up the bus system and which comprises the
steps:

applying a supply voltage to one of the bus lines
(1, 3) starting from terminals (A) of the central
processing unit (7);
closing the switching elements (51 to 5n) in se-
ries;
detecting the orientation of each switching ele-
ment (51 to 5n) with regard to the terminal (A);
setting different delay times for the switching el-
ement (51 to 5n) for the case of receiving the
supply voltage via the site of said terminal (A)

than for the case of receiving the supply voltage
via the other site; wherein this delay times are
used to control the closing of the switching ele-
ments in steps (e) and (h).

6. Bus system configure to be operated according to
the method of claims 1 to 5, the bus system com-
prising:

at least two bus lines (1, 3) formed as respective
loops,
a plurality of switching elements (51, 52, 53,
54, ..5n) connected in series so as to divide one
of the bus lines in a plurality of sections,
a central control unit (7), and
a plurality of bus devices (91, 92, 93, 94,...9m)
connected in parallel between the two bus lines
(1, 3) and distributed along the bus lines (1, 3)
so that a bus device (9y) is interposed between
two consecutive switching elements (5x, 5x+1);
wherein the central control unit (7) is configured
to apply a supply voltage to both ends of the bus
lines (1, 3) starting from terminals (A, B) of the
central processing unit (7);
the plurality of switching elements (51, 52, 53,
54, ..5n) is configured to close, upon reception
of the supply voltage, so as to connect the sub-
sequent respective sections of the bus from both
ends, to monitor the bus lines (1, 3) in order to
detect a first short circuit, to open the two switch-
ing elements (5l, 5(m-l)) closed immediately be-
fore detecting the first short circuit, to close again
one of the switching elements (51) just opened,
to monitor the bus lines (1, 3) in order to detect
a second short circuit, to open the switching el-
ement (51) closed immediately before detecting
the second short circuit and to keep this switch-
ing element (51) open, and to close again the
other switching element (5(m-l)) opened upon de-
tection of the first short circuit.

7. Bus system according to claim 6, wherein
a bus device (91, 92, 93, 94,...9m) and one or two
switching elements (51, 52, 53, 54, ..5n) are grouped
as a bus unit (11), which is individually addressable
by the central control unit (7).

8. The bus system according to any of claims 6 or 7,
wherein
the bus devices ((91, 92, 93, 94,...9m) comprise at
least one of:

an audio alarm device,
an optical alarm device,
a fire detector,
a bugler detector, and
a building service management device.
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9. A central control unit configured for performing the
method according to any of claims 1 to 5, wherein
the central control unit comprises a processor ar-
ranged and implemented so as to monitor the voltage
at the bus lines (1, 3) and so as to control the switch-
ing operations of the switching elements via the bus;
the central control unit being configured to apply a
supply voltage to both ends of the bus lines (1, 3)
starting from terminals (A, B) of the central process-
ing unit (7) upon detection of a short circuit.

10. The switching element configured for performing the
method according to any of claims 1 to 5, wherein
the switching element comprises:

at least one switch (S1, S2);
a microcontroller configured to control the
switching operations of the switch (S1, S2);
a short circuit detection means for detecting a
short circuit at the bus line;
the switching element (51, 52, 53, 54, ..5n) being
configured to close, upon reception of the supply
voltage, so as to connect the subsequent re-
spective section of the bus, to monitor the bus
lines (1, 3) in order to detect a first short circuit,
to open again when detecting the first short cir-
cuit, to close again, to monitor the bus lines (1,
3) in order to detect a second short circuit, to
open again upon detecting the second short cir-
cuit and to remain open.

11. A computer program that, when loaded in the internal
memory of a processor of a central control unit and/or
the switching elements of a bus system according
to any of claims 86 to 8, will cause the bus system
to perform the steps of the method of any of claims
1 to 5.
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