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(54) MULTIPLEX CONTROL DEVICE

(57) In one embodiment, a multiplex control device
includes three or more control modules to execute same
operations for same input signals, and a majority decision
module to output an output signal that matches majority
of output signals outputted by the control modules. Each
control module includes an input module to convert an
input signal into an input value, a first determination mod-
ule to obtain input values from input modules of respec-
tive control modules to determine whether majority of in-

put values among the obtained input values match, an
operation executing module to execute an operation us-
ing the matched input value to generate an output value,
a second determination module to obtain output values
from operation executing modules of respective control
modules to determine whether majority of output values
among the obtained output values match, and an output
module to convert the matched output value to generate
an output signal.
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Description

FIELD

[0001] Embodiments described herein relate to a mul-
tiplex control device.

BACKGROUND

[0002] Conventionally, a control device for controlling
a power plant includes three input modules, three oper-
ation modules and three output modules. The control de-
vice outputs, as a control signal for controlling the power
plant, an output signal obtained by taking the majority of
three output signals outputted by three output modules.
By this means, even if abnormality occurs in any one of
three input modules, three operation modules and three
output modules and any one of the output modules can-
not therefore perform correct output, a correct control
signal is continuously outputted by majority decision. Ac-
cordingly, even if the abnormality occurs in any one of
three input modules, three operation modules and three
output modules, the control device can continue correct
control.
[0003] In the conventional control device, if the first ab-
normality is caused in any one of three input modules,
three operation modules and three output modules and
the second abnormality is then caused in a component
of a different kind from a component in which the first
abnormality is caused, it becomes impossible to perform
a normal majority operation. Therefore, it is necessary
to stop processing and enter a safe state. An example
of the case where the second abnormality is caused in
the component of the different kind from the component
in which the first abnormality is caused is a case where
the component in which the first abnormality is caused
is an input module and the second abnormality is then
caused in an operation module or an output module.
Therefore, there is a problem that it is not possible to
continue control when the abnormality is caused in two
components of different kinds.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]

FIG. 1 is a diagram illustrating a configuration of a
multiplex control device 1 in a first embodiment;
FIG. 2 is a sequence diagram illustrating a flow of
signals at normal time in the first embodiment;
FIG. 3 is a sequence diagram illustrating a flow of
signals in a case where the input module 20A is ab-
normal;
FIG. 4 is a sequence diagram illustrating a flow of
signals in a case where the input module 20A and
the operation executing module 33B are abnormal;
FIG. 5 is a flowchart illustrating an example of the
processing in the operation module 30 in the first

embodiment;
FIG. 6 is a diagram illustrating a configuration of a
modification of the operation module 30 in the first
embodiment;
FIG. 7 is a sequence diagram illustrating an example
of the processing when a threshold is set;
FIG. 8 is a sequence diagram illustrating an example
of the processing in the case where communication
between the operation modules 30A to 30C is dou-
bled;
FIG. 9 is a diagram illustrating a configuration of a
multiplex control device 2 in a second embodiment;
and
FIG. 10 is a sequence diagram illustrating an exam-
ple of the processing in the case where abnormality
is caused in the bus 90 between the junction P1 and
the communication module 31A in FIG. 9.

DETAILED DESCRIPTION

[0005] Embodiments will now be explained with refer-
ence to the accompanying drawings.
[0006] In one embodiment, a multiplex control device
includes three or more control modules configured to ex-
ecute same operations for same input signals in parallel
and to output output signals to control a same controlled
target. The device further includes a majority decision
module configured to output an output signal that match-
es a majority of the output signals outputted by the three
or more control modules, to the controlled target as a
control signal that controls the controlled target. Each of
the control modules includes an input module configured
to obtain an input signal to convert the input signal into
an input value. Each of the control modules further in-
cludes a first determination module configured to obtain
input values from input modules of the respective control
modules to determine whether a majority of input values
among the obtained input values match. Each of the con-
trol modules further includes an operation executing
module configured, when the first determination module
determines that the majority of input values match, to
execute an operation using the matched input value to
generate an output value. Each of the control modules
further includes a second determination module config-
ured to obtain output values from operation executing
modules of the respective control modules to determine
whether a majority of output values among the obtained
output values match. Each of the control modules further
includes an output module configured, when the second
determination module determines that the majority of out-
put values match, to convert the matched output value
to generate an output signal, and to output the output
signal to the majority decision module.

(First Embodiment)

[0007] First, a first embodiment is described. FIG. 1 is
a diagram illustrating a configuration of a multiplex control
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device 1 in the first embodiment. As illustrated in FIG. 1,
the multiplex control device 1 includes control modules
10A, 10B and 10C, and a majority decision module 50
connected with the control modules 10A, 10B and 10C.
[0008] Each of the control modules 10A, 10B and 10C
obtains the same input signal from corresponding input
devices 100A, 100B and 100C. The control modules 10A,
10B and 10C perform the same operations on the same
input signals in parallel and generate output signals to
control an output device 110 that is the same controlled
target. The system of the control module 10A is referred
to as "A system". Similarly, the system of the control mod-
ule 10B is referred to as "B system" and the system of
the control module 10C is referred to as "C system".
[0009] The majority decision module 50 outputs an out-
put signal that matches the majority of the output signals
generated by the control modules 10A, 10B and 10C, to
the output device 110 of the controlled target as a control
signal that controls the controlled target.
[0010] Here, the control module 10A includes an input
module 20A whose input is connected with the input de-
vice 100A, an operation module 30A whose input is con-
nected with the output of the input module 20A, and an
output module 40A whose input is connected with the
output of the operation module 30A and whose output is
connected with the first input of the majority decision
module 50. Here, the input module 20A and the operation
module 30A are connected by a line 60A such as a field-
bus, and the operation module 30A and the output mod-
ule 40A are connected by a line 70A such as a fieldbus.
Moreover, the output module 40A and the majority deci-
sion module 50 are connected by a line 80A such as a
fieldbus.
[0011] Similarly, the control module 10B includes an
input module 20B whose input is connected with the input
device 100B, an operation module 30B whose input is
connected with the output of the input module 20B, and
an output module 40B whose input is connected with the
output of the operation module 30B and whose output is
connected with the second input of the majority decision
module 50. Here, the input module 20B and the operation
module 30B are connected by a line 60B such as a field-
bus, and the operation module 30B and the output mod-
ule 40B are connected by a line 70B such as a fieldbus.
Moreover, the output module 40B and the majority deci-
sion module 50 are connected by a line 80B such as a
fieldbus.
[0012] Similarly, the control module 10C includes an
input module 20C whose input is connected with the input
device 100C, an operation module 30C whose input is
connected with the output of the input module 20C, and
an output module 40C whose input is connected with the
output of the operation module 30C and whose output is
connected with the third input of the majority decision
module 50. Here, the input module 20C and the operation
module 30C are connected by a line 60C such as a field-
bus, and the operation module 30C and the output mod-
ule 40C are connected by a line 70C such as a fieldbus.

Moreover, the output module 40C and the majority deci-
sion module 50 are connected by a line 80C such as a
fieldbus.
[0013] The input modules 20A to 20C obtain an input
signal from the corresponding input devices 100A to
100C, respectively and convert it into an input value. For
example, in a case where the input devices output digital
input signals by a switch, a button or the like, the input
modules 20A to 20C perform digital filter processing on
the input digital input signals and convert them into input
values. Alternatively, in a case where the input devices
output analog input signals by a temperature sensor, a
pressure sensor or the like, the input modules 20A to
20C perform A/D conversion on the input analog input
signals and convert them into input values. Alternatively,
in a case where the input devices output pulse input sig-
nals by a velocity sensor, a rotation number detection
sensor or the like, the input modules 20A to 20C convert
them into input values by counting a pulse with respect
to the input pulse input signals.
[0014] The operation modules 30A to 30C execute an
operation and output an output value obtained as a result
of the operation to the corresponding output modules 40A
to 40C, respectively.
[0015] Here, the operation module 30A includes a
communication module 31A, a determination module
32A and an operation executing module 33A. The com-
munication module 31A is connected with a communica-
tion module 31 B by a network 90A of a ring type, and
connected with a communication module 31C by a net-
work 90C of the ring type. The communication module
31 A transmits an input value and an output value to the
other communication modules 31 B and 31C, and re-
ceives input values and output values from the other com-
munication modules 31 B and 31C. Here, the communi-
cation module 31A includes a first communication mod-
ule 34A and the second communication module 35A.
[0016] Similarly, the operation module 30B includes
the communication module 31 B, a determination module
32B and an operation executing module 33B. The com-
munication module 31B is connected with the communi-
cation module 31C by a network 90B of the ring type.
The communication module 31B transmits an input value
and an output value to the other communication modules
31A and 31C, and receives input values and output val-
ues from the other communication modules 31A and
31C. Here, the communication module 31 B includes a
first communication module 34B and a second commu-
nication module 35B.
[0017] Similarly, the operation module 30C includes
the communication module 31C, a determination module
32C and an operation executing module 33C. The com-
munication module 31C transmits an input value and an
output value to the other communication modules 31A
and 31 B, and receives input values and output values
from the other communication modules 31A and 31 B.
Here, the communication module 31C includes the first
communication module 34C and the second communi-
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cation module 35C.
[0018] The first communication modules 34A to 34C
transmit an input value obtained by the conversion by
the corresponding input module to other communication
modules, and receive input values obtained by the con-
version by input modules included in other control mod-
ules than the corresponding control module from the oth-
er communication modules. For example, in the case of
the first communication module 34A, the first communi-
cation module 34A transmits an input value obtained by
the conversion by the input module 20A included in the
corresponding control module 10A to the other commu-
nication modules 31 B and 31C, and receives input val-
ues obtained by the conversion by the input modules 20B
and 20C included in the control modules 10B and 10C
other than the corresponding control module 10A from
the other communication modules 31 B and 31C.
[0019] The second communication modules 35A to
35C transmit an output value obtained by the operation
by an operation module included in the corresponding
control module to other communication modules, and re-
ceive output values obtained by the operation by opera-
tion modules included in other control modules than the
corresponding control module from other communication
modules. For example, in the case of the second com-
munication module 35A, the second communication
module 35A transmits an output value obtained by the
operation by the operation module 30A included in the
corresponding control module 10A to the other commu-
nication modules 31B and 31C, and receives output val-
ues obtained by the operation by the operation modules
30B and 30C included in the control modules 10B and
10C other than the corresponding control module 10A
from the other communication modules 31B and 31C.
[0020] The first communication module 34B transmits
an input value input in the corresponding operation mod-
ule to the other communication modules and receives
input values input in the other operation modules from
the other communication modules. The second commu-
nication module 35B transmits an output value obtained
by operation by the corresponding operation module to
the other communication modules and receives output
values obtained by operation by the other operation mod-
ules from the other communication modules.
[0021] The determination modules 32A to 32C com-
pare the input values or output values of the operation
modules of other systems with the input value or output
value of the operation module of the corresponding sys-
tem. Here, the determination module 32A includes a first
determination module 36A and a second determination
module 37A, the determination module 32B includes a
first determination module 36B and a second determina-
tion module 37B, and the determination module 32C in-
cludes a first determination module 36C and a second
determination module 37C.
[0022] The first determination modules 36A to 36C ob-
tain input values from the input modules 20A to 20C,
respectively, and determine whether a majority of input

values of the obtained input values match. The second
determination modules 37A to 37C obtain output values
from the operation modules 30A to 30C, respectively,
and determine whether a majority of output values of the
obtained output values match.
[0023] In a case where the first determination module
included in the corresponding control module determines
that a majority of input values match, each of the opera-
tion modules 30A to 30C, specifically, each of the oper-
ation executing modules 33A to 33C executes an oper-
ation by the use of the matched input value.
[0024] Specifically, for example, in a case where the
corresponding first determination modules 36A to 36C
determine that a majority of input values match, each of
the operation executing modules 33A to 33C executes
an operation by the use of the matched input value and
generates an output value. Further, for example, in a case
where the corresponding second determination modules
37A to 37C determine that a majority of output values
match, the operation executing modules 33A to 33C out-
put the matched output value to the output modules 40A
to 40C, respectively.
[0025] When the communication modules 31A to 31C
are connected through the networks 90A to 90C, the first
communication modules 34A to 34C are connected
through the networks 90A to 90Cand the second com-
munication modules 35A to 35C are connected through
the networks 90A to 90C.
[0026] For example, the communication modules 31A
to 31C, the determination modules 32A to 32C and the
operation executing modules 33A to 33C are mounted
by individual integrated circuit (IC). For example, the op-
eration executing modules 33A to 33C are mounted by
a central processing unit (CPU), and the determination
modules 32A to 32C and the communication modules
31A to 31C are mounted by a field-programmable gate
array (FPGA).
[0027] In a case where the second determination mod-
ule included in the corresponding control module deter-
mines that a majority of output values match, each of the
output modules 40A to 40C generates an output signal
by converting this matched output value and outputs this
output signal to the majority decision module 50. In the
present embodiment, as one specific example, this
matched output value is input in the corresponding output
modules 40A to 40C from the operation modules 30A to
30C. Therefore, the output modules 40A to 40C convert
the output values input from the corresponding operation
modules 30A to 30C respectively into output signals and
output these output signals to the majority decision mod-
ule 50. For example, the output modules 40A to 40C con-
vert a digital output value of an LED indicator or the like
into an output signal. Alternatively, the output modules
40A to 40C convert an analog output value of a motor or
the like into an output signal of voltage or the like.
[0028] Hereafter, the input devices 100A to 100C are
generically referred to as "input device 100" and the con-
trol modules 10A to 10C are generically referred to as

5 6 



EP 3 009 933 A1

5

5

10

15

20

25

30

35

40

45

50

55

"control module 10". Moreover, the input modules 20A
to 20C are generically referred to as "input module 20",
the operation modules 30A to 30C are generically re-
ferred to as "operation module 30", and the output mod-
ules 40A to 40C are generically referred to as "output
module 40".
[0029] Moreover, the communication modules 31A to
31C are generically referred to as "communication mod-
ule 31", the determination modules 32A to 32C are ge-
nerically referred to as "the determination module 32",
and the operation executing modules 33A to 33C are
generically referred to as "operation executing module
33". Moreover, the first communication modules 34A to
34C are generically referred to as "first communication
module 34", and the second communication modules
35A to 35C are generically referred to as "second com-
munication module 35". Moreover, the first determination
modules 36A to 36C are generically referred to as "first
determination module 36", and the second determination
modules 37A to 37C are generically referred to as "sec-
ond determination module 37".
[0030] Subsequently, the flow of signals at normal time
is described using FIG. 2. FIG. 2 is a sequence diagram
illustrating the flow of signals at normal time in the first
embodiment.
[0031] (Steps S11A to S11C) The input module 20 of
each control module 10 obtains an input signal from the
input device 100.
[0032] (Steps S12A to S12C) The input module 20 of
each control module 10 converts the input signal into an
input value.
[0033] (Steps S13A to S13C) The first communication
module 34 in the operation module 30 of each control
module 10 transmits the input value to the first commu-
nication module 34 of another control module 10.
[0034] (Steps S14A to S14C) The first determination
module 36 in the operation module 30 of each control
module 10 determines whether a majority of input values
match among three input values. In this determination,
in a case where the input values are analog values, the
first determination module 36 may determine that they
are equal if a difference in the input values is in a threshold
decided beforehand. Here, it is assumed that three input
values match.
[0035] (Steps S15A to S15C) The operation executing
module 33 in the operation module 30 of each control
module 10 executes an operation by the use of the input
value.
[0036] (Steps S16A to S16C) The second communi-
cation module 35 in the operation module 30 of each
control module 10 transmits an output value to the second
communication module of another control module.
[0037] (Steps S17A to S17C) The second determina-
tion module 37 in the operation module 30 of each control
module 10 determines whether a majority of output val-
ues match among three output values. In this determi-
nation, in a case where the output values are analog val-
ues, the second determination module 37 may determine

that they are equal if a difference in the output values is
in a threshold decided beforehand. Here, it is assumed
that three input values match. The operation module 30
of each control module 10 outputs this matched output
value to the output module 40.
[0038] (Steps S18A to S18C) The output module 40 of
each control module 10 converts the input output value
into an output signal and outputs this output signal to the
majority decision module 50.
[0039] (Steps S19 and S20) The majority decision
module 50 decides an output signal with which the ma-
jority of three output signals match, and outputs the de-
cided output signal to the output device 110 that is the
controlled target, as a control signal that controls the con-
trolled target.
[0040] Subsequently, the flow of processing in a case
where the input module 20A is abnormal is described.
FIG. 3 is a sequence diagram illustrating the flow of sig-
nals in a case where the input module 20A is abnormal.
As for the same processing as the processing in FIG. 2,
the same reference numerals are assigned and the de-
tailed explanation is omitted.
[0041] (Steps S14A to S14C) The first determination
module 36 in the operation module 30 of each control
module 10 determines whether a majority of input values
match among three input values. In this determination,
since it turns out that the input value from the input module
20A is different from the other input values, the abnor-
mality of the input module 20A is detected. Moreover,
the input values from the input modules 20B and 20C
match, and it turns out that this matched input value is a
normal input value.
[0042] Therefore, in step S15A, the operation execut-
ing module 33A executes operation processing by the
use of this matched input value (normal input value).
Moreover, in steps S15B and S15C, the operation exe-
cuting modules 33B and 33C execute operation process-
ing by the use of this matched input value (normal input
value).
[0043] Afterward, in steps S17A to S17C, the second
determination module 37 in the operation module 30 of
each control module 10 determines whether a majority
of output values match among three output values. Here,
three output values match because abnormality is not
found in the operation modules 30A to 30C. Further, three
same output signals are input in the majority decision
module 50, and this output signal is output as a control
signal. By this means, in a case where the input module
20A is abnormal, the multiplex control device 1 can output
a normal control signal.
[0044] Subsequently, the flow of processing in a case
where the operation executing module 33B is abnormal
in addition to the input module 20A is described. FIG. 4
is a sequence diagram illustrating the flow of signals in
a case where the input module 20A and the operation
executing module 33B are abnormal. The detailed ex-
planation is omitted for the same processing as the
processing in FIG. 3.
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[0045] (Steps S17A to S17C) The second determina-
tion module 37 in the operation module 30 of each control
module 10 determines whether a majority of output val-
ues match among three output values. In this determi-
nation, since it turns out that the output value of the op-
eration executing module 33B is different from the other
output values, abnormality in the operation executing
module 33B is detected. Moreover, the output values of
the operation executing modules 33A and 33C match,
and it turns out that this matched output value is a normal
output value. Each operation module 30 outputs this
matched output value to the corresponding output mod-
ule 40.
[0046] Therefore, in steps S18A to S18C, the operation
executing module 33 converts this matched output value
(normal output value) into an output signal. By this
means, three matched output signals are input in the ma-
jority decision module 50, and this matched output signal
is output to the output device 110 as a control signal. By
this means, even in a case where the operation executing
module 33B is abnormal in addition to the input module
20A, the multiplex control device 1 can output a normal
control signal.
[0047] Moreover, in a case where abnormality is further
caused in any of the output modules 40A to 40C in ad-
dition to the input module 20A and the operation execut-
ing module 33B, it is possible to output a normal control
signal by majority operation in the majority decision mod-
ule 50.
[0048] Subsequently, details of the above-mentioned
processing in the operation module 30 are described.
FIG. 5 is a flowchart illustrating an example of the
processing in the operation module 30 in the first embod-
iment. The following processing is processing performed
in each operation module 30.
[0049] (Step S31) First, the operation module 30 waits
that an input value is input.
[0050] (Step S32) Next, the operation module 30 de-
termines whether the input value has been received.
[0051] (Step S33) In a case where it is determined that
the input value has been received in step S32, each first
communication module 34 transmits the input value to
other first communication modules 34. By this means,
each first communication module 34 receives input val-
ues from other first communication modules 34.
[0052] (Step S34) Next, the first determination module
36 determines whether three input values match. In a
case where three input values match (YES in step S34),
the processing proceeds to step S38.
[0053] (Step S35) In a case where it is determined that
three input values do not match in step S34 (NO in step
S34), the first determination module 36 determines
whether two input values of three input values match.
[0054] (Step S36) In a case where it is determined that
two input values of three input values match in step S35
(YES in Step S35), the operation executing module 33
adopts the matched value as an input value, and the
processing proceeds to step S38 .

[0055] (Step S37) In a case where it is determined that
two input values of three input values do not match in
step S35 (NO in step S35), the control module 10 exe-
cutes control stop processing. In this way, in a case where
the first determination module 36 determines that a ma-
jority of input values do not match, the control module 10
stops the control of the controlled target. By this means,
the output of a control signal is stopped.
[0056] (Step S38) Next, the operation executing mod-
ule 33 executes operation processing.
[0057] (Step S39) Next, each second communication
module 35 transmits an output value to other second
communication modules 35. By this means, each second
communication module 35 receives output values from
other second communication modules 35.
[0058] (Step S40) Next, the second determination
module 37 determines whether three output values
match. The processing proceeds to step S44 in a case
where three output values match.
[0059] (Step S41) I n a case where it is determined that
three output values do not match in step S40 (NO in step
S40), the second determination module 37 determines
whether two output values of three output values match.
[0060] (Step S42) In a case where it is determined that
two output values of three output values match in step
S41 (YES in step S41), the second determination module
37 adopts the matched value as an output value, and the
processing proceeds to step S44.
[0061] (Step S43) In a case where it is determined that
two output values of three output values do not match in
step S41 (NO in step S41), the control module 10 exe-
cutes control stop processing. In this way, the control
module 10 stops the control of the controlled target in a
case where the second determination module 37 deter-
mines that a majority of input values do not match. By
this means, the output of a control signal is stopped.
[0062] (Step S44) The second determination module
37 outputs the output value to the output module 40, and
the processing returns to step S31.
[0063] As mentioned above, the multiplex control de-
vice 1 according to the first embodiment includes three
or more control modules 10 that execute the same op-
erations in parallel for the same input signals and output
the output signals to control the same controlled target.
In addition, the multiplex control device 1 includes the
majority decision module 50 that outputs an output signal
that matches the majority of output signals outputted by
the control module 10, to the controlled target as a control
signal that controls the controlled target.
[0064] Each of the control modules 10 includes the in-
put module 20 that obtains an input signal and converts
it into an input value. In addition, each of the control mod-
ules 10 includes the first determination module 36 that
obtains the input value from each of the input modules
20 and determines whether a majority of input values of
multiple obtained input values match. In addition, each
of the control modules 10 includes the operation execut-
ing module 33 that executes an operation by the use of
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a matched input value and generates an output value in
a case where the first determination module 36 deter-
mines that a majority of input values match. In addition,
each of the control modules 10 includes the second de-
termination module 37 that obtains the output value from
each of the operation executing modules 33 and deter-
mines whether a majority of output values of multiple ob-
tained output values match. I n addition, each of the con-
trol modules 10 includes the output module 40 that con-
verts a matched output value and generates an output
signal in a case where the second determination module
37 determines that a majority of output values match,
and outputs the output signal to the majority decision
module 50.
[0065] In a case where the first determination module
36 included in the corresponding control module 10 de-
termines that a majority of input values match, each of
the operation modules 30 executes an operation by the
use of this input matched value. In a case where the
second determination module 37 included in the corre-
sponding control module 10 determines that a majority
of output values match, each of the output modules 40
converts this matched output value and generates an
output signal.
[0066] By this means, even in a case where abnormal-
ity occurs in any one of the input modules 20A to 20C,
each operation executing module 33 executes an oper-
ation by the use of an input value that matches the ma-
jority of the input values outputted by the input modules
20A to 20C. Therefore, each operation executing module
33 can execute an operation by the use of a normal input
value outputted by the input module 20 in which abnor-
mality does not occur. Moreover, even in a case where
abnormality occurs in any one of the operation executing
modules 33A to 33C, each output module 40 converts
an output value that matches the majority of output values
obtained by operation by the operation executing mod-
ules 33A to 33C. Therefore, each output module 40 can
perform conversion by the use of a normal output value
obtained by operation by the operation executing module
33 in which abnormality does not occur. Moreover, even
in a case where abnormality occurs in any one of the
output modules 40A to 40C, the majority decision module
50 outputs an output signal that matches the majority of
output signals obtained by conversion by the output mod-
ules 40A to 40C, as a control signal. Therefore, the ma-
jority decision module 50 can output an output signal ob-
tained by conversion by the output module 40 in which
abnormality does not occur, as a control signal.
[0067] Therefore, even in a case where abnormality
occurs in at least two of any one of the input modules
20A to 20C, any one of the operation modules 30A to
30C and any one of the output modules 40A to 40C, since
the multiplex control device 1 can keep outputting a nor-
mal control signal, it is possible to continue control of high
reliability.
[0068] Moreover, the control module 10 stops the con-
trol of a controlled target in a case where the first deter-

mination module 36 determines that a majority of input
values do not match. The control module 10 stops the
control of the controlled target in a case where the second
determination module 37 determines that the majority of
output values do not match. By this means, for example,
in a case where there are three control modules 10 like
the present embodiment and all of three input values do
not match, since there is abnormality in two or more of
the input modules 20A to 20C, the control module 10
stops the control of the controlled target. As a result, it is
possible to prevent a wrong control signal from being
output and prevent wrong control from being continued.
Moreover, in a case where there are three control mod-
ules 10 like the present embodiment and all of three out-
put values do not match, since there is abnormality in
two or more of the operation modules 30A to 30C, the
control module 10 stops the control of the controlled tar-
get. As a result, it is possible to prevent a wrong control
signal from being output and prevent wrong control from
being continued.
[0069] In a case where a threshold used to find whether
input values and output values match is set, as illustrated
in FIG. 6, the operation modules 30A to 30C may further
include threshold setting modules 38A to 38C that are
connected with a terminal device 120 through a network
130 and can perform communication with the terminal
device 120. FIG. 6 is a diagram illustrating a configuration
of a modification of the operation module 30 in the first
embodiment.
[0070] I n a triplicated device like the multiplex control
device 1 of the present embodiment, it is necessary to
use the same threshold in all of the first determination
modules 36A to 36C, and it is necessary to use the same
threshold in all of the second determination modules 37A
to 37C. Therefore, in a case where a program of the mul-
tiplex control device is designed, the designer of the mul-
tiplex control device 1 sets the same threshold through
the terminal device 120.
[0071] The threshold setting modules 38A to 38C ob-
tains threshold information that shows a threshold from
the terminal device 120 of the outside, and preserves this
threshold information. By this means, if the difference of
multiple input values is within this threshold, the first de-
termination modules 36A to 36C determine that they
match each other. Moreover, if the difference of multiple
output values is within this threshold, the second deter-
mination modules 37A to 37C determine that they match
each other.
[0072] Subsequently, the sequence of processing
when a threshold is set using FIG. 7 is described. FIG.
7 is a sequence diagram illustrating an example of the
processing when the threshold is set.
[0073] (Steps S21 A to S21 C) The threshold setting
modules 38A to 38C receive and hold threshold informa-
tion that shows a threshold from the terminal device 120.
[0074] (Steps S22A to S22C) The communication
modules 31A to 31C mutually transmit thresholds stored
in the threshold setting modules 38A to 38C. Specifically,
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the communication modules 31A to 31C transmit thresh-
old information stored in the threshold setting modules
38A to 38C to other control modules than the correspond-
ing control module of three or more control modules, and
receive plural pieces of threshold information transmitted
[0075] from other control modules than the corre-
sponding control module of three or more control mod-
ules.
[0076] (Steps S23A to S23C) The determination mod-
ules 32A to 32C further include third determination mod-
ule 321A to 321C, respectively, and the third determina-
tion modules 321 A to 321C determine whether thresh-
olds shown by plural pieces of received threshold infor-
mation and a threshold shown by transmitted threshold
information are different.
[0077] (Steps S24A to S24C) In a case where the third
determination modules 321A to 321C determine that the
thresholds are different in steps S23A to S23C, the
threshold setting modules 38A to 38C transmit a warning
signal to the terminal device 120. The terminal device
120 having received the warning signal displays informa-
tion that shows warning, and notifies that the resetting of
the threshold is requested. In this way, by enabling the
threshold setting, it is possible to allow the range of error
of the analog value and determine that input values
match.
[0078] In this way, each of the operation modules 30
includes a threshold setting module 38 that obtains
threshold information showing a threshold from the ter-
minal device 120 of the outside and stores the threshold
information. By this means, it is possible to set thresholds
used for determination by the first determination module
36 and the second determination module 37 at a time.
[0079] Moreover, the communication modules 31A to
31C transmit threshold information stored in the thresh-
old setting modules 38A to 38C to other control modules
than the corresponding control module of three or more
control modules, and receive plural pieces of threshold
information transmitted from other control modules than
the corresponding control module of three or more control
modules. The third determination modules 321A to 321C
determine whether thresholds shown by plural pieces of
received threshold information and a threshold shown by
transmitted threshold information are different. In a case
where the third determination modules 321A to 321C de-
termine that the thresholds are different, the correspond-
ing threshold setting modules 38A to 38C transmit a
warning signal to the terminal device 120. By this means,
the terminal device 120 having received the warning sig-
nal can urge the designer to reset the threshold by noti-
fying that the resetting of the threshold is requested.
[0080] In a case where abnormality is caused in the
networks 90A to 90C among the operation modules 30,
there is a possibility that it is determined that the input
modules 20A to 20C and the operation modules 30A to
30C are abnormal though the input modules 20A to 20C
and the operation modules 30A to 30C perform normal
operation. Then, in a case where each of the first com-

munication modules 34A to 34C receives an input value
from another first communication module, it may transmit
the received input value to other first communication
module(s) except the first communication module that is
the transmission source of the received input value. This
processing is referred to as "duplication of communica-
tion". The flow of processing in that case is described
using FIG. 8.
[0081] FIG. 8 is a sequence diagram illustrating an ex-
ample of the processing in the case where communica-
tion between the operation modules 30A to 30C is dou-
bled. Here, since similar processing is executed between
the control modules 10, the control module 10A is fo-
cused and described.
[0082] (Step S13A) For example, the first communica-
tion module 34A transmits an input value to the first com-
munication module 34B and the first communication
module 34C. Moreover, the first communication module
34A receives the input values of the first communication
module 34B and the first communication module 34C.
[0083] (Step S51A) After the input values are input, the
first communication module 34A transmits the input value
received from the first communication module 34B to the
first communication module 34C and transmits the input
value received from the first communication module 34C
to the first communication module 34B. By doing so, even
in a case where one of the networks 90A to 90C among
the communication modules 31 is abnormal, it is possible
to propagate each input value to the first communication
modules 34A to 34C and perform normal determination
processing by the first determination module 36. Since
following steps S14A and S15A are similar to steps S14A
and S15A in FIG. 2, the explanation is omitted.
[0084] Moreover, similarly, in a case where each of the
second communication modules 35A to 35C receives an
output value from another second communication mod-
ule, it may transmit the received output value to other
second communication module(s) except the second
communication module that is the transmission source
of the received output value. By this means, even in a
case where one of the networks 90A to 90C among the
communication modules 31 is abnormal, it is possible to
propagate each output value to the second communica-
tion modules 35A to 35C, perform normal determination
processing by the second determination module 37 and
output a normal output value.

(Second Embodiment)

[0085] Subsequently, a second embodiment is de-
scribed. In the first embodiment, the operation modules
30 are connected by the networks 90A to 90C of a ring
type. On the other hand, the operation modules 30 are
connected by a bus in the second embodiment.
[0086] FIG. 9 is a diagram illustrating a configuration
of a multiplex control device 2 in the second embodiment.
The same reference numerals are assigned to the same
components as the multiplex control device 1 of the first
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embodiment illustrated in FIG. 1, and overlapping expla-
nation is omitted. As illustrated in FIG. 9, the configuration
of the multiplex control device 2 in the second embodi-
ment is a changed configuration in which third determi-
nation modules 39A to 39C are further added to the de-
termination modules 32A to 32C, respectively and the
communication modules 31 are connected by a bus, as
compared with the multiplex control device 1 of the first
embodiment. That is, the first communication modules
34 are connected by a bus 90, and the second commu-
nication modules 35 are connected by the bus 90. Here-
after, the third determination modules 39A to 39C are
generically referred to as "third determination module
39".
[0087] Similar to the first embodiment, the operation
of the operation modules 30A to 30C is to receive input
values from the input modules 20A to 20C, transmit the
input values to other operation modules 30A to 30C by
the bus 90, perform determination processing and there-
after perform operation processing. After the operation
processing, an output value is transmitted to other oper-
ation modules 30A to 30C by the bus 90, and, after de-
termination processing is performed, the output value is
output to the output modules 40A to 40C.
[0088] Moreover, in a case where abnormality is
caused in part of the bus 90, there is a possibility that the
determination modules 32A to 32C determine that two
input values or two output values are abnormal. However,
it is necessary to avoid the stop of output when the bus
90 that is a function for diagnosis is abnormal. Therefore,
in the present embodiment, in a case where it is deter-
mined that two input value received from other control
modules or two output values received from other control
modules are abnormal, the operation modules 30A to
30C adopt an input value obtained by conversion by the
input module of the corresponding system or an output
value obtained by operation by itself, output a warning
signal to the terminal device 120 which is not illustrated
and continue control.
[0089] Specifically, for example, the third determina-
tion module 39 determines whether multiple input values
received by the first communication module 34 or multiple
output values received by the second communication
module 35 are abnormal, on the basis of information on
a predetermined address in multiple frames received by
the first communication module 34 or information on a
predetermined address in multiple frames received by
the second communication module 35. Here, in the de-
termination as to whether the input values or output val-
ues of other systems are abnormal, the non-updating of
a sequence number stored in a predetermined address
in a frame and the non-updating of time information
stored in a predetermined address in a frame, and so on,
are used. Here, the sequence number is counted up eve-
ry transm ission.
[0090] Further, as a result of determination, in a case
where the third determination module 39 determines that
multiple input values received by the first communication

module 34 or multiple output values received by the sec-
ond communication module 35 are abnormal, it outputs
a warning signal to the terminal device 120 of the outside.
[0091] In a case where the third determination module
39 determines that multiple input values received by the
first communication module 34 are abnormal, the oper-
ation executing module 33 executes an operation by the
use of an input value input from the input module 20 in-
cluded in the control module incorporating the operation
executing module 33.
[0092] In a case where the third determination module
39 determines that multiple output values received by
the second communication module 35 are abnormal, the
output module 40 generates a control signal by convert-
ing an output value obtained by operation by the opera-
tion executing module 33 included in the control module
incorporating the output module 40.
[0093] For example, processing in a case where ab-
normality is caused between a junction point P1 and the
communication module 31 A in FIG. 9 in the bus 90 is
described using FIG. 10. FIG. 10 is a sequence diagram
illustrating an example of the processing in the case
where abnormality is caused in the bus 90 between the
junction P1 and the communication module 31A in FIG. 9.
[0094] (Steps S13A to S13C) The communication
modules 34A to 34C transmit input values input from the
input modules 20A to 20C to other communication mod-
ules.
[0095] (Steps S61A to S61C) Next, the third determi-
nation modules 39A to 39C determine whether multiple
input values received by the first communication modules
34A to 34C are abnormal, on the basis of information on
a predetermined address in a received frame. Here, since
abnormality is caused in the bus between the communi-
cation module 31A and the communication module 31
B, the first communication module 34A determines that
multiple input values received from the first communica-
tion modules 34B and 34C are abnormal. Moreover, the
first communication modules 34B and 34C determine
that multiple input values received from the first commu-
nication module 34A are abnormal.
[0096] (Steps S14A and S15A) Next, since abnormal-
ity is caused in the bus between the communication mod-
ule 31A and the communication module 31 B, the first
determination module 36A determines that a majority of
input values do not match. Further, the operation exe-
cuting module 33A executes an operation by an input
value input from the input module 20A.
[0097] (Step S62A) Further, the operation module 30A
transmits a warning signal to the terminal device 120
which is not illustrated.
[0098] I n this sequence, a case where input values
obtained by conversion by the input module 20B and the
input module 20C match is assumed as an example.
[0099] (Steps S14B and S15B) The first determination
module 36B determines that a majority of input values
match, in parallel with steps S14A and S15A. Further,
the operation executing module 33B executes an oper-
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ation by an input value input from the input module 20B.
[0100] (Steps S14C and S15C) Similarly, the first de-
termination module 36C determines that a majority of
input values match, in parallel with steps S14A and S15A.
Further, the operation executing module 33C executes
an operation by an input value input from the input module
20C.
[0101] As mentioned above, in the multiplex control
device according to the second embodiment, the first
communication modules 34 are connected by the bus 90
and the second communication modules 35 are connect-
ed by the bus 90. By this means, the multiplex control
device 2 according to the second embodiment can ex-
change an input value and an output value through the
bus 90. Therefore, similar to the first embodiment, even
in a case where abnormality occurs in at least two of any
one of the input modules 20A to 20C, any one of the
operation modules 30A to 30C and any one of the output
modules 40A to 40C, since the multiplex control device
2 can keep outputting a normal control signal, it is pos-
sible to continue control of high reliability.
[0102] Moreover, the multiplex control device accord-
ing to the second embodiment includes the third deter-
mination module 39 that determines whether multiple in-
put values received by the first communication module
34 or multiple output values received by the second com-
munication module 35 are abnormal, on the basis of in-
formation on a predetermined address in multiple frames
received by the first communication module 34 from other
control modules than the corresponding control module
of three or more control modules or information on a pre-
determined address in multiple frames received by the
second communication module 35 from other control
modules than the corresponding control module of three
or more control modules.
[0103] In a case where the third determination module
39 determines that multiple input values received by the
first communication module 34 are abnormal, the oper-
ation module 30 executes an operation by the use of an
input value input from the input module 20 included in
the control module incorporating the operation module
30. In a case where the third determination module 39
determines that multiple output values received by the
second communication module 35 are abnormal, the out-
put module 40 generates a control signal by converting
an output value obtained by operation by the operation
module 30 included in the control module incorporating
the output module 40.
[0104] By this means, even in a case where abnormal-
ity occurs in part of the bus and the input values and the
output values which are received by the first communi-
cation module 34 and the second communication module
35 are abnormal, the operation module 30 and the output
module 40 continue processing. Therefore, each control
module 10 can continue control and cause the control of
the multiplex control device 2 not to be stopped even if
there is a failure only in the bus.
[0105] The operation modules 30A to 30C include the

first communication modules 34A to 34C and the first
determination modules 36A to 36C in each embodiment,
but it is not limited to this, and the input modules 20A to
20C may include these and the first determination mod-
ules 36A to 36C may obtain input values output from the
input modules 20A to 20C and make a determination
using the obtained input values. Alternatively, the first
communication modules 34A to 34C and the first deter-
mination modules 36A to 36C may exist independently
from the operation modules 30A to 30C in the control
modules 10A to 10C, and the first determination modules
36A to 36C may be connected with the outputs of the
input modules 20A to 20C and the inputs of the lines 60A
to 60C or the operation modules 30A to 30C, obtain input
values therefrom and make a determination using the
obtained input values.
[0106] Moreover, the operation modules 30A to 30C
include the second communication modules 35A to 35C
and the second determination modules 37A to 37C in
each embodiment, but it is not limited to this, and the
output modules 40A to 40C may include these and the
second determination modules 37A to 37C may obtain
output values input to the output modules 40A to 40C
and make a determination using the obtained output val-
ues. Alternatively, the second communication modules
35A to 35C and the second determination modules 37A
to 37C may exist independently from the operation mod-
ules 30A to 30C in the control modules 10A to 10C, and
the second determination modules 37A to 37C may be
connected with the outputs of the operation modules 30A
to 30C and the inputs of the lines 70A to 70C or the output
module 40A, obtain output values therefrom and make
a determination using the obtained output values.
[0107] The multiplex control device 1 or 2 of the first
or second embodiment includes three control modules
10, but it is not limited to this, and it may include four or
more control modules 10.
[0108] Moreover, various kinds of above-mentioned
processing according to the multiplex control device 1 or
2 of the first or second embodiment may be performed
by recording a program to execute each processing of
the multiplex control device 1 or 2 of the first or second
embodiment in a computer-readable recording medium,
and causing the program recorded in the recording me-
dium to be read by a computer system and executed by
a processor.
[0109] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel devices de-
scribed herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the devices described herein may
be made without departing from the spirit of the inven-
tions. The accompanying claims and their equivalents
are intended to cover such forms or modifications as
would fall within the scope and spirit of the inventions.
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Claims

1. A multiplex control device comprising:

three or more control modules configured to ex-
ecute same operations for same input signals in
parallel and to output output signals to control a
same controlled target; and
a majority decision module configured to output
an output signal that matches a majority of the
output signals outputted by the three or more
control modules, to the controlled target as a
control signal that controls the controlled target,
each of the control modules comprising:

an input module configured to obtain an in-
put signal to convert the input signal into an
input value;
a first determination module configured to
obtain input values from input modules of
the respective control modules to determine
whether a majority of input values among
the obtained input values match;
an operation executing module configured,
when the first determination module deter-
mines that the majority of input values
match, to execute an operation using the
matched input value to generate an output
value;
a second determination module configured
to obtain output values from operation exe-
cuting modules of the respective control
modules to determine whether a majority of
output values among the obtained output
values match; and
an output module configured, when the sec-
ond determination module determines that
the majority of output values match, to con-
vert the matched output value to generate
an output signal, and to output the output
signal to the majority decision module.

2. The device of Claim 1, wherein
each of the control modules stops the control of the
controlled target when the first determination module
determines that the majority of input values do not
match; and
each of the control modules stops the control of the
controlled target when the second determination
module determines that the majority of output values
do not match.

3. The device of Claim 1, wherein each of the control
modules further comprises:

a first communication module configured to
transmit an input value obtained by the conver-
sion by a corresponding input module to other

communication modules, and to receive input
values obtained by the conversion by input mod-
ules included in other control modules than a
control module that includes the first communi-
cation module; and
a second communication module configured to
transmit an output value obtained by the oper-
ation by a corresponding operation executing
module to other communication modules, and
to receive output values obtained by the opera-
tion by operation executing modules included in
other control modules than a control module that
includes the second communication module.

4. The device of Claim 3, wherein when the first com-
munication module receives an input value from an-
other first communication module, the first commu-
nication module transmits the received input value
to other one or more first communication modules
except the first communication module that is a
transmission source of the received input value.

5. The device of Claim 3, wherein when the second
communication module receives an output value
from another second communication module, the
second communication module transmits the re-
ceived output value to other one or more second
communication modules except the second commu-
nication module that is a transmission source of the
received output value.

6. The device of Claim 3, wherein the first communica-
tion modules are connected by a bus, and the second
communication modules are connected by a bus.

7. The device of Claim 3, wherein the first communica-
tion modules are connected through a network, and
the second communication modules are connected
through a network.

8. The device of Claim 1, wherein each of the control
modules further comprises a threshold setting mod-
ule configured to obtain threshold information show-
ing a threshold from an external terminal device to
store the threshold information,
wherein
the first determination module determines that the
input values match each other when a difference in
the input values is within the threshold; and
the second determination module determines that
the output values match each other when a differ-
ence in the output values is within the threshold.

9. The device of Claim 8, wherein each of the control
modules further comprises:

a communication module configured to transmit
the threshold information stored in the threshold
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setting module to other control modules than a
corresponding control module of the three or
more control modules, and to receive plural piec-
es of threshold information transmitted from oth-
er control modules than a corresponding control
module of the three or more control modules;
and
a third determination module configured to de-
termine whether thresholds shown by the plural
pieces of received threshold information and a
threshold shown by the transmitted threshold in-
formation are different,
wherein when the third determination module
determines that the thresholds are different, the
threshold setting module transmits a warning
signal to the terminal device.
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