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DISTRIBUTED CONTROL SYSTEM

" BACKGROUND OF THE INVENTION

l. Field of the Invention

The present invention relates to a distributed control
system that controls process variables, for example,
temperature, pressure, etc. More particularly, the present

invention relates to a distributed control system comprising

~a control station which takes charge of various kinds of

control operation, and a plurality of remote input/output
devices which are distributed separately from the .control

station to exchange signals with sensors, actuators, etc.

""..More specifically, the present invention relates to

transmission control of a data bus (remote input/output bus)
that connects the'control station and the remote
input/output devices in the distributed contr61 syétem.
Further, the preseﬁi invention relates to measures
which are taken to cope with a power failure in a system
where a control station and a remote input/output device are

supplied with electric power from power supply systems which

are independent of each other.

2.-Description of'the Prior Art
' A typical distributed control system is supplied with a

large number of input signals from a process as a controlled

system and outputs maniﬁulated variable signals to a large
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number of control elements. In order to allow the whole
controlled system to be monitored and controlled
comprehensively, a plurality of remote input/output devices
are connected to the control station in accordance with the
nature of each particular task assigned thereto.

Between the control station and the remote input/output
devices is provided a shared hemory to which read/wriﬁe
access can be made from both the control station side and
the remote input/dutput device side, and cyclic scan
transmission is carried out for each remote input/output
device th;ough a femote input/output bus so that the
contents of a data buffer used by a microprocessor in the
control station and input/outpﬁt data on the remote
input/output device side are maintained equivalently.

Such cyclic scan transmission is carried out according
to preset transmission conditions, for example: '

(a) the correspondence between the input/output nodes of
the remote input/output devices and the respective addresses
on the shared memory;

(b) the.cyclic.scén transmission cycle used for each
input/output node; and

(c) the kind of transmission service (e.g., reading of
input data, exchange of output data for read-back data, and
so forth) that is to be performed for each input/output

node.
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A typical conventional system of the type described -
above'is arranged such that when a power supply for the
system fails and then recovers from the failure, the
microprocessor in the éontrol station executes the above-
described cyelic scan transmission again.

SUMMARY OF THE INVENTION

The conventional system, arranged as described above,
suffers from the problem that when the bower supply recovers
from a power failure, the normal transmission control, which
is carried out by using the remote input/output bus, cannot
be started promptly because the microprocessor ih the
control statidn has been doing various kinds of work for
recovery from the power failure, and a great deal of time is
required for the system to recover its normal process
contrpl operation.

In view of the above~described problems of the prior
art, it is an object of ;he present invention to provide a
distributed control system which is capable of promptly
recovering its normal process control operation in such a
case that the power supply recovers from a power failure.

It is another object of the present invention to
provide a distributed control system which is designed so
that a remote input/outpu; device can be disposed at a
distance from a control station, and it is unnecessary to
bring a field wiring, which connects with sensors or the

_,,_,'——~—~*“’”'—"”
eaﬂ{lwwd

" dm



ey

like, into the control station.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a conceptuai view showing the arrangement of
the distfibuted control system according to the present
inventioh.

Pig. 2 is.a block diagram showing one embodiment of the
present.invention.

Fig. 3 illustrates basic operating modes prepared for

each of normal, continuation and initialization start

transmission service means.

Fig. 4 is a flowchart showing an operation that takes
place when a momentary power failure occurs on the remote
1nput/output device side.

Fig. 5 is a flowchart show1ng an operation that takes
place when a power failure occurs on the control station
side.

Fig. 6 is a block diagram showing a data transfer
function, which is used in each of the transmission service
means, the figure mainly showing a function used to transfer
data from thelremote,input/output device side.

Fig. 7 is a timing chart showing an operation of scan

communication performed between a control station and a

remote input/output device.

Fig. 8 shows one eiample of the arrangement of a signal

(communication frame or communication packet) sent to a
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control station through a bus.

Fig. 9 is a block diagram showing a data transfer
function, which is used in the normal.transmissibn service
means, the figure mainly showing a’ function uséd to transfer
data from the control station side to the remote
input/output dévice side.

Fig. 10 is a timing-chaft showing an operation of scan
communication that is carried out from a control station to
a remote input/output device.

Fig. 11 ié a block diagram showing a data transfer
function, which is used in each of the transmission service
means, the figure mainly showing a function that is used to
effect reliable data transmission between a control station

and a remote input/output device with handshaking executed

- therebetween.

Fig. 12 is a timing charE showing a scan communication
operation that is perfofﬁed_by a data éending station
(control station) and a data receiving station (remote
input/output device) in the arrangement'shown in Fig. 11,

Fig. 13 is a block diagram showing one example of an
input circuit for inputting a DC voltage signal, an on/off
signal of a switching element, and an AC voltage signal in a
remote input/output device.

Fig. 14 is a timiné chart showing one example of the

operation of the input circuit shown in Fig. 13.
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Fig. 15 is a block diagram showing one example of a
digital filter circuit in the arrangement shown in Fig. 13,

Fig. 16 is a timing chart showing the operation of the
circuit shown in Fig. 15. |

Fig. 17- is a block diagram showing another example of
the digital fiiter circuit in the arrangement shown ih
Fig. 13.

Fig. 18 is a timing chart showing the operation of the

circuit, which is shown in Fig. 17, in the case of full-wave

rectification.

Fig. 19 is .a circuit diagram showing another
arrangement of a gate circuit employed in the circuits shown
in Figs. 15 ahd 17. |

Fig. 20 is a block diagram showing one example of a
digital filter that is employed in a case where a rectifier
circuit that is shown in Pig. 13 performs half-wave
rectification. .

Fig. 21 is a timing chart showing the operation of the
digital filter shown in Fig. 20.

Fig. 22 is a biock diagram showing another example of a
digital filter that is employed in a case where the
rectifier circuit that is shown in Fig. i3'is a half-wave
rectifier circuit.

Fig. 23 is a conceptual view showing a voltage signal

input circuit which may'be employed when a plurality of
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voltage signals'aré'input.

Fig. 24 is a conceptdal view showing an arrangement in
which a bus that connects a control_station and a remote
input/output device is doubled.

Fig. 25 is a conceptual view showing the way of
processing a cbmmunication packet tﬁat is sent to an

internal bus that connects each of input/output units and a

- communication interface (assumed to be a parallel interface)

-in a remote input/output device.

Fig. 26 is a block diagram of an arrangement which
enables a reset state in a remote input/output device to be
canceled from a control station. |

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig} 1l is a conceptual view showing the arrangement of
the distributed control system according to the present
invention. Referring to the figure, a plurality of control
stations FC take charge bf control operation for a process
as a controlled system. The number of control stations FC
distributed over the control field depends on the scale of
tﬁe process. A remote input/output device PO is provided
for each control station FC. The remote input/output device
PO is supplied with normalized analog signals, contact
signals or various digital signals frpm various sensors or
other similar devices disposed in the process field, and it
sends a control output kmanipulated variable signﬁl) to a
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control element such as a valve. The control station FC and

the remote input/output device PO are connected through a

" bus BS, and fixed-cycle communication (scan communication)

of input/output data is performed therebetween.

An operator station OP functions as a man—-machine
interface and ﬁas a keyboard and a CRT. The operator
station OP is installed in an instrument panel room, for

example. ‘The operator station OP is arranged to be capable

- of displaying process'data sent from each control station FC

through a communication network BUS, of instructing the

_control station FC to change set values, control parameters

and so forth, and of perférming a process control operation.
- Between the control station FC and the remote

input/output device PO, scan communication of input/output
data is constantly performed through the bus BS, so that the
state of data that is handled by the remote input/output
device PO is reflected dh a memory incorporated in the
control station FC.

Fig. 2 is a block diagram showing one embodiment of the
present invention.

Referring to the figure, a control station FC, which is
in charge of control operation, is connected with a
plurality of remote input/output devices POl, PO2, P0O3...POn
through a remote input/output bus BS. The remote

input/output devices are distributed over the control field

-
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separately from.the control station FC and arranéed to be
supplied with input signals from vafious sensors installed
in the field and to output control signals to actuators such -
as valves.

In the control station FC, a control operation unit
(processor) 1 iakes charge of control operation, for
example, PID control operation and sequence control
operation. A power circuit 2 supplies electric power to
each part of the control station FC. A non-volatile shared
memory 3 is arranged so that the control operation unit 1
can gaih read/write access to the shared memory 3 and that
input/output data which are transmitted to and from the
remote input/output devices POl, PO2, PO3...POn through the
remote input/output bus BS éan be written éyclically into

the memory 3 in a cycle with which oversampling is made with

- respect to the operation c¢ycle of the control operation

processor 1l. : .

A transmission control unit 4 controls transmission
performed thrbuéh'the remote input/output bus BS. In the
transmission control unit 4, a normal transmission service
means 41 performs cyclic scan transmission so that
input/output data handled by the control operation unit 1
and input/output data on the remote input/output device.(PO)
side are maintained equivalently during the data

transmission carried out by using the remote input/output
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bus BS in a normal control operating state. A contihuation
transmission service means 42 first performs transmission
for urgent output only and then performs the normal cyclic
scan transmission service after the completion of the
transmission- of the urgent data. An initialization start
transmission sérvice-means 43 first performs only cyclic
scan transmission for fetching input data. Every oné of
these means is realized by using a microprocessor (not
shown) provided in the transmission control unit 4.

An interruption duration measuring means 44 measures a

. period of transmission interruption duration of the remote

input/output bus BS. The interruption duration measuring
means 44 comprises a timer which is backéd up with a battery
so that éven when the supply of power from the power circuit
2 fails, the operation of the interruption dutation
measuring means.44 continues. A transmission service
switching control part-45 performs switching control such
that when the result of measurement made by the interruption
duration measuring means 44 is shorter than a predetermined
time, it activates the continuation transmission service
means 42, whereas, ﬁhen the result of measurement by the
interruption duration measuring means 44 is longer than the
predetermined time, the transmission éervice switching.

control part 45 activates the initialization start

transmission service means 43. A communication interface 46
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is arranged to send output data to the remote input/output .
bus BS after changing it hormally to bit-serial signals and
formatting them in a predetermined manner and to receive.
such signals.

The operation of the control system, arranged as
described abové, will be explained below.

Operation in the normal control operating state:

The normal transmission service means 41 in the
transmission control unit 4 performs the cyclic scan
transmission so that input/output data handled by the
control operation unit 1 and input/output data on the remote
input/output device side are maintained equivalently. The
cyclic scan transmission is carried out in a cycle with
which oversampling is made with respect to the control
operation cycle of the control operation prbcessdr 1.
Input/output data from the remote'input/output devices PO1,
PO2, PO3.;.POn is writteh inté the -shared memory 3, and the
contents of the ﬁemory 3 are updated.

The control operation unit 1 reads out the input/output
data from the shared memory 3 in the control operation cycle
and performs predetermined control operation by using the
readout data. For example, the control operation unit 1
performs PID control operation on the deviation of a
measured value (PV), which is obtained from the process,

from a preset value (SVj for control to obtain a control
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output (MV). Then, the control operation unit 1 writes the
result of the operation into the shared memory 3. The
output data, written into the shared memory 2 by the control
operation unit 1, is sent to the remote input/output devices
POl1l, PO2, PO3...POn to control the operation of actuators
linked to the femote input/output devices POl, P02,
PO3...POn.

The above control action realizes a control operation
in whiéh the opening of a valve, for example, is controlled
so as to follow up the result of the arithmetic operation
performed by the control operation unit 1.

It should be noted here that the correspondence between
the reﬁote input/output devices POl, PO2, PO3...POn and the
respective address positions on the shared memory 3 and what
kind of transmission service is to be performed have been
set for each remote input/output device in advance of the
time of starting the opekation of the system.

Operation in a case where a momentary transmission

interruption occurs:

The interruption duration measuring means 44 monitors
the transmission condition on the remote input/output bus BS
for each remote input/output device, and when the period of
transmission interruption duration is shorter than a
predetermined time, it judges that a.momentary transmission

interruption has occurred. In this case, the transmission

This Sheet Has Been Re{ilaced 12

LU



R

service switching control part 45 drives the continuation
transmission service means 42. The continuaﬁion
transmission service means 42 first performs transmissioﬁ
for urgent output, and after the completion of the urgent
output transmission, it shifts the transmission mode to the
normal cyclic écan transmission. It should be noted here
that to which output node the urgent output transmission is
to be performed is set in advance, together with other
transmission conditions, for.example, a limit number of
times of retransmission, which is carried out when a
transmission error occurs.during the urgent output
transmission.

Operation in a case where a long transmission interruption

occurs:
When the interruption duration measuring means 44,
which mqnitdrs the transmission condition on the remote
input/output bus BS, judées that thé period of fransmission
interrupﬁion duration is longer than a predetermined time,

the transmission service switching control part 45 activates

the initialization start transmission service means 43. The

transmission service means 43 first performs only the cyclic
scan transmission for inputting data (including read-back of
an output value to an actuator), thereby updating the input
data.' After the completion of the transmission limited to

the data input operatioh, the control operation unit 1

1)




updates the output data as a result of the arithmetic
operation and the shifts the transmission service to the
normal transmission service.

In this way, the transmission service switching control
part 45 carries out switching control of the operation
performed by eéch'transmission service means, depending upon
the period of transmission interruption duration, for each
remote input/output device. |

Fig. 3-illustrates basic operating modes prepared for
each of the normal, continuation and initialization start
transmission service means 41, 42 and 43.

Each transmission service means performs the above-
descfibed transmission service, depending upon the period of
transmission interruption duration, and has the following

basic operating modes:

Transmission stop mode:

The transmission service means enters this mode when a
power failure occurs in the control operation unit 1 in a
state where no data is being transmitted between the control
operation unit 1 and any of the remote input/output devices.

Recovery confirming transmission mode:

During this mode, no transmission (input/output
transmission) for an application is carried out, but it is

checked whether or not frame transmission can be performed
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between the control operation unit 1 and each remote
input/output device.

When the control operation unit 1 recovers from the
power failufe, the operating mode shifts from the
transmission- stop mode to this mode.

Transmission service mode:

During this mode, transmiséion (input/output
transmission) for an application is carried out.

The operating mode shifts from the recovery confirming
transmission mode to this mode when recovery response or
notice of recovery is receivea from the reﬁote input/output
device side.

When no response from the remote input/output device
side is received consecutively more than a predetermined
number of times, or when a power failure notice Signal is
output from the remote input/output device'side, the
operating mode shifts'frbm this mode to the recovery

confirming transmission mode.

It should be noted here that the interruption duration
measuring méans (timer) 44 operates in such a manner as to
start measuring time at the point of time when the operating
mode shifts from the‘transmission service mode to the
recovery confirming transmission mode, and stop the
measurement of time at the point of time when the recovery

-
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processing in the recovery confirming transmission mode is
completed, thereby determining the time interval between the
two points to be a period of transmission interruption
duration. | |

With the above-described arrangement, when the power
supply recoveré from a power failure, the most apprdpriate
transmission service means is activated, depending upon the
period of transmission interruption duration, so that the
system can recover rapidly from the transmission
interruption state and shift to the normal process control
operation promptly.

Fig. 4 is a flowchart showing an operation that takes
place when a momentary power failure occurs on the remote
input/output device (PO) side.

The control station FC is provided with an output data
holding means that always holds the latest output data that
is delivered to the remoie input/output device (PO) side.
When a power failure occurs on the remote input/output
device (PO) side, the interruption duration measuring means
44 detects it via the remote input/output bus BS (Step 1)
and measures the period of interruption duration (Step 2).
It should be noted here that the occurrence of a power

failure on the remote input/output device (PO) side and the

- recovery from the power failure may be detected by receiving

.a notice signal representative of the occurrence of a power
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failure and a recovery notice signal, which are sent from
the remote input/output device {(PO) side. It is also
possible to detect the occurrence of a power failure and the
recovery therefrom from an interruption of data

transmission, which is carried out cyclically by using the

bus BS.

When the power supply on the remote input/output deviée
(PO) side recovefs from the failure, the interruption
duration measuring means 44 detects the recovery and
suspends the measurément of the period of interruption
duration_(step 3). |

The transmission service switching control part 45
decides whether the power failure is momentary or not by
judging whether the interruption duratioh_measured by the
interruption duration measuring means 44 is shorter or
longer than a predetermined time (Step 4). If the power
failure is judged to be ; momentary power féilure, the

transmission service switching control part 45 activates the-

~ continuation transmission service means 42, so that, after

the power supply has recovered from the failure, the output
data delivered just before the occurrence of the power
failure, which has been held in the output data holding
means, is first transmitted to the remote input/output
device (PO) side (Step 5).
On receipt of the 6utput data from the control station
—
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(FC) side, the remote input/output device (PO) side sends it
to the procesé side. Thus, the control output is
continuously sent to the pfocess side. Upon completion of
the continuation start operation after the momentary power
failure, the-operation shifts to the cyclic scan
transmission,-ﬁhich is performed by the normal transmission
service means 4l.

In addition, notice of recovery is Sent to the control
operation unit.(processof) 1 (Step 6), so that the control
operation énd the sending of the control output are resumed.

It should be noted here that when a transmission error
occurs during the transmission of the output data in the
above-described continuation start operation, the“
transmission of the output data is repeated uﬁtil the data
is successfully transmitted, within a preset number of
times. Such a number of times of retransmission of output
data and other transmiss}on conditions are set in advance.

If it is judged at Step 4 that a long power failure
occurs on the remote input/output device (PO) side, the
transmission service switching control part 45 activates the
initialization start transmission service means 43 to
execute processing for a long power failure (Step 7).

| Tﬁe_processing for a long power failure is realized,
for example, by executing the cyclic scan transmission for

fetching the input data'(including read—back'of an output
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value to an actuator) and then updating the input data on
the basis of the cyclic scan transmission. Upon completion
of the transmission for initialization start, which is
limited to fetching of the input data, the operation shifts
to the normal cyclic scan transmission, which is performed
by the normai fransmission service means 41.

Fig. 5 is a flowchart showing an operation that takes
place when a power failure occurs on the control station
(FC) side. |

| When a power failure occurs on the control station (FC)
side or there is an abnormality in'the operation of the
cohtrol station FC or a failure in the remote input/output
bus BS, no data transmission is carried out through the
remote input/output bus BS, and a time-up signal is sent
from a watch dog timer, for exampie, which is provided in
the control station FC. The remote input/oﬁtput device PO

is provided therein with a no-response detecting means that

-judges that there is an abnormality on the control station

(FC) side by detecting no response to the data transmission
through the remote input/output bus BS or detecting a time-
up signal from the control station (FC) side.

When the no-response detecting means detects a no-
response state (abnormal state) (Step 21) and the no-

response state continues long (Steps 22 and 23), a signal-

‘'representative of a préépecified safe value (default value)
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is sent to the process side (actuator side) (Step 24).
When the ﬁo-response time is short (e.g., in a case
where the control station'FC recovers from the abnormal
state immediatély), data that is received from the control
station (FC) side is sent to the process side to continue
ﬁhe data outpuf operation.
With the above-described operation, when a momentary

power failure occurs on the remote input/output device side

.or the control station side, the control operation can be

continued without suspending the control function. 1In
additidn, when there is a malfunct;on in the control station
FC or a trouble in the input/output bus, the output value to
the process can be changed to a safe value without causing
runaﬁay, .

Fig. 6 is a block diagram showing a data fransfer '
function, which is used in each of the transmission sérvice
means 41, 42 and 43. -Thé figu;e mainly shows a data
transfer function used to transfer data from the remote
input/output device (PO) side. :

In the remote input/output device PO, which serves as a
data sending station, input circuits 61, 62... are providéd
to correspond to contact input signals, respectively, so as
fo process input'contact signals to signals which can be
handled by the remote input/output device PO by electrically

isolating the contact signals and removing noise therefrom.
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A data change detecting means 71 detects whether or not
there is’ a change in the data which is to be sent from the
remote input/output device PO. A coﬁnter 72'is activated to
count up or down when the daté change detecting means 71
detects a change in the data. A count adding means 73 adds
the value of the counter 72 to the signal which is to be
sent from the remote input/output device PO. These means
are provided for each input signal. A communication
interface 82 perfofms data transmission between the remote
input/output device PO and the control station FC. A
microprocessor 81 is connected to the communication
interface 82 through a bus BS. The data change detecting
means 71, the counter 72 and the count adding means 73 are
each realized by éoftwaré. |

In the control station FC, which serves as a data
receiving station, a communication interface 46 is connected
to the bus BS. The commhnication interface 46 receives
signals (data) sent from the remote input/output device PO
and stores them sequentially in a scan input image region of
a memory 50 as 'scan input images. A -count extracting meané
51 extracts from scan input images a counter value sent by
the present scan communication and a caunter value sent by
the preceding scan communication. A data change recognizing
means 52 makes a comparison between the preseht and

preceding counter valueé, which are extracted by the count
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extracting means 51, and recognizes that there is a change
in the data when there is a difference between the two
counter values.

Fig. 7 is a timing chart showing an operation of scan
communication performed between-the control station FC and
the remote inpﬁt/qutput device PO. |

In the figure, (a) shows on/off signals which are input
to the remote input/output device PO from a pushbutton, for
example. The data change detecting means.7l detects whether
or not there is a chanée in the input signal, shown at (a)
in Fig. 7, for example, a signal change from OFF to ON.

When such a signal change occurs, the data change detecting
means'71'caus;s ﬁhe counter 72 to count up, for éxample; as
shown at (b) in Fig. 7. In this example, it is assumed that
the initial value of the Eounter 72 is “1“.and the counter
72 counts up consecutively from the initial value, for
simplification. It shouid be noted that the value of the
counter 72 returns tb the initial value when it reaches the
counter capacity. The cbunt adding means 73 reads the value
of the counter 72 in the scan cycle'TZ and adds the counter
value to a communication frame (communication packet). The
communication frame with the counter value added thereto is
ttansmitted to the control station FC through the
communication interface 82.

Fig. 8 shows one eiample of the arrangement of a signal
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(communication frame or communication packet) sent to the
control station FC through the bus BS.

The communication frame comprises én address ADR of a
remote input/output device PO, which is provided at the toé,
a channel number CHN of an input contact signal, which
follows the address ADR, a counter value COU added as data,
which follows the channel number CHN, and a parity PY
provided at the end. |

At the control station FC, the communication interface
46 writes sequentially signals sent thereto in the scan
communication cycle T2 in a region of the memory 50 that
constitutes a scan.input image buffer, as shown at (c¢) in
Fig. 7. The write cycle (update cycle) basically
correéponds to the scan communication cycle T2. 1If a
communication error occurs during the scan communication, as
shown by X in between (b) and (c¢) in Fig. 7, the control
station FC does not updaie the scan input image. When there
are a plurality of input changes during one period of the
scan communication cycle T2, as in the case of a Part that
is represented by the counter values "3, 4 and 5" in (b) of
Fig. 7, the scan input image does not change consecutively,
but a plurality of count-up operations are performed at a
time, that is, the value is counted up from "3" to "5"
directiy, as shown at the corresponding portion in (c) of

Fig. 7.
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The scan input image, which is stored in the scan input
image buffer, can be read according to need in the control
station FC. In the case shown at (d) ;n-Fig. 7. the scan
input image is read out in the control cycle T1 of thé
control station FC. The reading of the scan input image is
carried out_as.follows:

The count extracting means Si extrécts from the scan
input image buffer a counter value sent in the present scan
commdnication and a counter value sent in the preceding scan
communication. Next, the data change recognizing means 52
makes a comparison between the present and preceding counter
values, which are extracted by the count extracting means
51. 1If there.is a difference between the present and
preceding cbgnter values, the data change recognizing means
52 recognizes that there is a éhange in the input contact
signal, whereas, if there'is'no difference between the
present and.preceding'cohnter values, the data change
recognizing means 52 recognizes that there is no change in
the input contact signal. Then, the data change recognizing
means 52 transfers the result of the recognition to a CPU or
the like in the control station FC.

If there is provided a means for obtaining increment
data representative of an amount by which the present
counter value has increased from the preceding counter

value, it is possible to recognize the number of changes
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that have sccurred since the preceding communication cycle.'

Although the description has been made by way of an
example in which an input contact signal is transferred from
the remote input/output device PO to the control station FC,
it should be noted that the present invention may also be
applied to a cése where data that is used to on/off control
a valve, for example, is transferred from the control
station FC to the remote input/output device PO. Further,
the arrangement of the communication frame sent by scan
communication is not necessarily limited to that shown in
Fig. 8. In addition, although in the forégoing description
the counter value is counted up, it may be counted down.
Further, it should be noted that the term Fcounter".herein
employed includes a means such as a register means in which
a data value held therein changes in accordance with an
input signal.

By executing the'ab;ve-described scan communication for
data transfer between the control station FC and the remote
input/output device PO, a signal change can be transmitted
reliaﬁly without omiésion or overlap of change information
even if there is a communication error or a signal change
that is more rapid than the scan communication cycle.

Fig. 9 is a block diagram showing a data transfer
function, which is used in the normal transmission service

means 4l1. The figure méinly shows a data transfer function
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used té transfer data from the control station FC to the
remote input/output device PO. It is assumed that signals
such as those which are represented by "A","B","C"... are
transfer:ed as processing commands from the control station
FC to the remote input/output device PO.

In the cohtrol station FC, a signal sending means 53
sends commands for prdcessing to be executed iﬁ the remote
input/output device PO and other necessary signals. A
cbunter 54 is activated to count up or gown when a
processing'command sent from the signal sending means 53 is
changed to another. A count adding means 55 adds the va;ue
of the counter 54 to the processing command which is to be
sent from thé control station FC. A microprocessor 56
realizes the signal sending means 53, the counter 54, and
the count adding means 55 by using software. N

In the remote input/output device PO,  a communication
interface 82 receives -a ;ignal sent from the éontrol station
FC. The received signal is stored in a memory 83. A count
extracting means 84 extracts a counter value sent by the
present scan communication and a counter value sent by the
preceding scan communication. A command recognizing means
85 makes a comparison between the present and preceding
counter values. If these two counter values are the same,
the command recognizing means 85 continuously executes the

operation based on the éresent processing command. If the
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two counter values are different from each other, the
command recognizing'means 85 judges that a new processing
command has been sent, and commences'prOCessing based on the
new processing command. A microprocessor 81 realizes the
count extracting means 84 and the command recognizing means
85 by'using software.

Fig. 10 is a timing chart showing an operation of scan
communication that is carried out from the control station
FC to the remote input/output device PO. 1In the timing
chart, the time axis extends from the top tolthe bottom as
viewed in the figure.

When the control station FC demands that the remote
input/output device PO should execute processing'"A“, a
processing command "A" for starting the processing
concerned is senﬁ from the signal sending means 53. The

counter 54 is not activated to count up, for example, but

" maintained in the "0" -state until next processing "B" is

executed. The count adding means 55 adds the counter value -
"0" at this time to thé processing command "A" and sends it
to the remote input/output device PO. The same
cdmmunication frame, which comprises a counter value and a
processing command, is continuously sent for each scan cycle
T2. Thus, scan input images are formed in the memory 83
provided in the remote input/output device PO.

If a communication error occurs during the scan
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communication, as  shown bf X in between the control station
FC and the remote input/output device PO in Fig. 10,
updating of the scan input image is not executed. 1In this
example, it is assumed that the initial value of the counter
- 54 is "0" and the counter 54 counts up consecutively from
the initial vaiue, for simplification. The value of the
counter 54 returns to the initial value when it reaches the
counter capacity.

| To allow the remote input/output device PO to execute
the next procéssing "B", the control station FC changes the
.processing command to "B*, activates the counter 54 to count
up by one, and sends a communication frame comprising the
counter value "1" and the processing command "B" to the’
remote input/output device PO. Thereafter, the control
station FC successively changes the processing command and,
at the same time, counts up the counter value, and then
sends the resulting commﬁnication frame to the remote
input/output device PO in the same way as the above.

In the remote input/output device.PO, the count
extracting means 84 extracts the counter values sent through
the bus BS in the scan communication cycle, and the command
recognizing means 85 refers to the extracted counter values.
Then, thé command recognizing means 85 makes a comparison
between the present and preceding counter values, which are

extracted by the count éxtracting means 84. If these two
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countef values are the same, the command recognizing means
‘85 maintains thé present processing. If the two counter
values are different from eachléther, e.g., in such a case
that the counter value has been couhted up from “d“ to "1%,
the command recognizing means 85 judges that a new
processing comﬁand has been sent, and starts thé processing
corresponding to the processing command “B". |

Thus, the remote input/output device PO can start
various kinds of processing according to the command signal
sent from the control station FC on the basis of the result
of the judgement made by the command.récognizing means 85.

If should be noted that processing that is activated in
the.remote input/output device PO includes processing of
sending a manipulated variable signal to a valve or the like
installed in the process field, and processing of starting
various kinds of ?rogram used in the remote input/output
device PO. 1In addition,.although in the foregoing
" description the counter valug is counted up, it may.be
counted down. Further, it should be noted that the term
"counter" he;ein employed includes a means such as a
register means in which a digital signal held therein
changes in accordance with an input signal applied thereto.

Thus, the remote input/output device PO can be reliably
activated to execute desired processing by transmitting

various commands thereto independently of a communication

This Sheet Has Been Reﬁaced ' 29

AV




error or omission of information,'ii such occurs.

Fig. 11 is a block diagram showing a data transfer
function, which is used in each of the transmission service
means 41, 42 and 43. The figure mainly shows a data
transfer function that is used to effect reliable“data
transmission between the control station FC and the remote
input/output device PC with handshaking executed
therebetween.

Fig. 11 is a functional block diagram arranged on the
assumption that the control station FC is a data
transmitting station,.while the remote input/output device
PO is a data receiving station. Accordingly, when
bidirectional transfer of data is to be carried out, each
device must be ?rovided with both data sending and-receiving'
functions.

In the control station FC, which serves as a data
sending station, a transfer confirming means 56 makes a
3 comparison between a combination of data and a counter

value, which has been sent back from the remote input/output
device PO,-whiéh serves as a data receiving station, and a
combination of data and a counter value, which is now being
sent out, thereby checking whether or not the data transfer
has been surely effected.

If a match is found between the combination of data and

a counter value, which ﬁas been sent back, and thé
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combination of data and a counter value, which is now being
sent out, the transfer confirming means 56 judges that the'
data transfer has been surely effected, and instructs the
system to send new data, together with a counter value which
has been counted up or down, to the receiving station. If a
mismatch is foﬁnd, the transfer confirming means 56 judges
that the data transfer is not being Surely effected, and
instructs the signal sending means 53 to continue the

sending of the data and the counter valué, which are now
being sent out. It should be noted that a microprocessor 56
realizes the signal sending means 53, thé counter 54, the
count adding means 55, and'the transfer confirming means 56
by using sofﬁﬁare. |

In the remote input/output device PO, which serves as a

data receiving station, a count extracting méans 84 extracts
a counter value from the received signal. A data or command
transfer recognizing meahs.ss recognizes that data transfér
has started when it detects a_difference between a counter
'value received in the present receiving operation and
extracted by the coﬁnt extracting means 84 and a counter
value received in the preceding receiving operation and
similarly extracted by the count extracting means 84. A
signal returning means 86 returns, when receiving data and a
counter value from the control station FC as a data

transmitting station, the received data and counter value to
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the control station FC by scan communication in a
predetermined cycle.

It should be noted that a microprocessor 8l realizes
the couht extracting means 84, the data transfer recognizing
means 85, and the signal returning means 86 by usiﬁg
software. | | .

FPig. 12 is a timing chart showing a scan communication
operation that is performed by the data sending station
{(control station FC) and the data receiving station (remote
input/output device PO) in the above-described arrangement.
It is assumed that data "A" to "E" is to be transferred from
the sending station to the receiving station.

Upon commencihg transfer of déta "A" at the sending
station FC, the signal sending means 53 and the count adding
means 55 carry out scan communication by adding a new
counter value "0" to the data "A" to be transferred. In
this data traﬁsfer operaéion, the same communication frame,
which comprises the data "A" and the counter value "0%, is
repeatedly sent for each scan communication cycle until the
control process shifts to the next step.

At the receiving station PO, the count extracting means
84 extracts a counter value from the received signal, If
there is a difference between the counter value extracted
from the signal received by the present reception and the.

counter value extracted from the signal received by the
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preceding reception, the data transfer recognizing means 85
judges that the transfer of new data has started, and stores
the sent data "A" into a predetermined region of the memory
83 so that the microprocessor 81 can use it. The signal
returning means 86, when receiving data, returns the
received data "A" and the counter Value_“O" to the sending
station by scan communication in a predetermihed cycle. 1In
this operation, the same data and the same counter value are
repeatedly sent for each scan communication cycle until the
control process shifts to the next step.

At the data sending station FC, the transfer confirming
means 56 receives the data "A" and the counter value "o",
which are sent back from the data'receiving station by scan
communication, and compares them with the data and counter
value, which are now being sent out. If the data and
counter values match each other, the transfer confirming
means 56 judges that'the-data transfer has been correctly
carried out, and instructs the signal sending means 53 to
send new data "B", together with a counter value, which is
counted up, for example, i.e., "1", to the receiving
station. On receipt of such an instruction, the signal
sending means 53 enters a new step where itlsends the new
~ data "B" and Ehe counter value "1" to the receiving station.

If the received data and counter value do not match the
data and counter value,'which-are now being sent out due to

-
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a communication failure, e.g., loss of a cOmmunication
frame, the transfer confirming means 56 instructs fhe signal
sending means 53 to continue the sending.qf the data "A" and
the counter value "0", which are now being sent out. 1In
this way, the seqding and receiving stations perform
reliable transfer of data "A", "B"... while executing
handshaking.

Although in the foregoing description the counter value
is counted up, it may be counted down.

ﬁy carrying the abéve-described scan communication,
various kinds of data can be surely transferred to the
remofe station independently of communication errors.

Fig. 13 is a block diagram showing one example of an
input ci:cuit for inputting a DC voltage signal, an on/off
signal of a switching element, and an AC voltage signal in
the remote input/output device PO.

In the figure, refe}ence numeral 91 denotes a AC power

supply. A switching element 92, for example, a relay
contact, outputs a étatus signal in accordance with the
controlled condition of the process. It sﬁould be noted
that in a case ﬁhere the AC power supply 91 itself shows an
on/off state in accordance with the controlléd condition of
the process, the switching element 92 is eliminated. A
diode bridge rectifier circuit 93 rectifies an input AC

voltage signal that is épplied via the switching element 92
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and outputs a unipolar voltage signal Veecr which is not
smoothed. A signal isolating means 94 is supplied with the

unipolar voltage signal v through a resistance R1 and

rec
driven by this voltage signal. In this example, a
photocoupler- is employed as the signal isolating means 94.
Reference.symbol RC denotes a load resistance for_the
signal isolating means (photocoupler) 94. A buffer BUF
receives the signal that is tranémitted through the
photocoupler 94. A digital filter circuit 95 is supplied
with the output of the buffer BUF, that is, the isolated
digital signél DB that is transmitted through the signal
isolating means 94. The digital filter circuit 95 is
arranged to remove shoft-time off-signals from the siénal

applied thereto and to output a digital signal DI.

Fig.'14 is a timing chart showing one example of the

| operation of the input circuit described above. It is

-

assumed that an AC voltage signal V;, is output in
accordance with the on/off state of the switching element
92, as shown at (a) in Fig. 14.

The diode bridge rectifier circuit 93 subjects the AC
supply voltage to full-wave rectification and outputs a
unipolar voltage signal V, .., as shown at (b) in Fig. 14.
The signal isolating_meahs 94 is driven with the rectified
voltage signal so as to output an isolated digital signal DB

including short pulse signals P, as shown at (c¢) in Fig. 14,
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from the output end of the buffer BUF.

The digital filter circuit 95 removes the short-time
off-signal (short pulse signals) P from the isolated digital
signal DB transmitted through the signal isolating means 94
and outputs the resulting signal as a digital output signal
DI, as shown af (d) in Fig. 14.

The digital output 51gnal DI has delays Tg and Ty at
the rise and fall thereof, as illustrated. However, the
delays Tp and Tp are of the order of 40% (2 x 2 x 0.1) of
“the period of the AC power supply at the maximum and can be
reduced to values which have substantially no adverse effect
in the normal operation. |

Fig. 15 is a block diagram showing one example of the
digital filter circuit 95 in the arrangemenﬁ shown in
Fig. 13. In Fig. 15, reference symbols FFl, FF2 and FF3
denote flip—-flops. A gate circuit Gl is supélied with thé
isolated digital signal bB and the respective outputs Ql and
Q2 of the flip—-flops FFl and FF2., A switch SWl is driven by
ﬁhe output of the gate circuit Gl so as to select either of
the outputs Q1 and Q2 of the flip-flops FF1l and FF2 and
"apply the selected output to the flip-flop FF3.

The flip-flops FFl and FF2 are arranged'in the form of
shift registers so that either of the outputs Q1 and Q2 of
the flip~flops FFl and FF2 is selected in accordance with

the output of the gate circuit G1 and latched by the flip-
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flop FF3. It should be noted that each flop-flop.operates
on the clock CLK.

This circuit realizes, as a digital filter algorithm
used in the case of full-wave rectification, an operation
wherein if the isolated digital signal DB continues longer
than a specifiéd time (e.g., 1 clock period), the output
digital signal DI = DB; in other cases, DI = no change.

Fig. 16 is é timing chart showing the operation of the
circuit shown in Fig. 15.

| In the figure, (a) shows the clock CLK that is applied
to each flip-flop, and (b) shows the isolated digital signal
DB. During the interval TR that is immediately after the
: isolated digital signal DB has risen, the respective outputs
Q1 and Q2 of the flip-flops FFl1l and FF2 successively rise in
response to the rise of the isolated digital signal DB, as
shown at (c) and (4) in.Eig. 16, and the output digital
signal DI also rises in ;ynchronism with the second clock.

When the isolated digitallsignal DB temporarily becomes
"0" halfway, as shown by the arrow P, it is reflected on the
outputs Q1 and Q2 of the flip-flops FF1l and FF2. If the.
interval during which the isolated digital signal DB
temporarily becomes and remains "0" is shorter than one
period of the clock CLK, the isolated digital signal DB
beéomes "1" before the output Q2 becomes "0". Therefore,

the output of the gate circuit Gl becomes "1" (high level),
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as shown at (é) in Fig. 16, so that the switch SWl selects
the output Q2 of the flip-flop FF2, and the flip-flop FF3
latches it. Accordingly, the digital output DI from the
flip-flop FF3 does not chanée, but maintains the high-level
state, as shown at (£) in Fig. 16.

If the isélated digital signal DB becomes and remains
"0" for a longer time than one peribd of the clock CLK as in
the case of the interval TF immediately after the isolated
digital signé; DB has fallen, the switch SWl does not change
over, and the digital output DI from the flip-flop FF3. -
falls, as shown at (f) in Fig. 16, when the time TF has
elapsed from the fall of the isolated digital signal DB
(i.e., when one period of the clock CLK has elapsed from the
fall of the isolated digital signal DB).

~ By this operation, even if the isolated digital signal
DB becomes and remains "0" for a period of time shorter than
one period of the clock CLK, the digital output DI from the
flip-flop FF3 is maintained at the high level.

In the case of full-wave rectification of the AC power
supply AC, the period of time during which the isolated
digital signal DB becomes and remains "0" only for a short
time is of the order of 2 ms in the case of 50 Hz, for
example, which is about 1/10 of one-period. Therefore, it

will suffice to select thé period of the clock CLK to be

about 4 ms.
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Fig. 17 is a block diagram showing another example of
the digital filter circuit 95 in the arrangement shown in
Fig. 13.

In this example, the flip—flop FF2 in the example that
is shown in Fig. 15 is eliminated. The gate circuit Gl is
supplied with ﬁhe isolated digital signal DB and the
respectivé outputs of the flip—-flops FFl and FF3. The
switch SW1 selects either the outpﬁt Ql of the flip-flop FF1
or the output Q3 of the flip-flop FF3 in accordance with the
output of the gate circuit Gl and applies the selepted
output to the flip-flop FF3.

Fig. 18 is a timing chart showing the operation of the
circuit, which is shown in Fig. 17, in the case of full-wave
rectification. _ .

The gaﬁe circuit Gl is supplied with the isolated
digital signai DB, a signal <Ql> (<> represents an inverted
state), which is obtaineé by inverting the output Ql of the
flip-flop FFl, and the output Q3 of the flip-flop FF3, and
drives the sﬁitch SW1 in accordance with the result of a
logical operation executed using these input signals. The
basis operation of the circuit is the same as that of the
circuit shown in Fig. 15.

"~ Fig. 19 is a circuit diagram showing another
arrangement of the gate circuit Gl employed in the circuits

shown in Figs. 15 and 17. The gate circuit Gl comprises
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three gates so that a driving signal Gl for the switch swl
is output from the gate circuit Gl according to the
following logical expression:
G1=(DB: <Q1>+02)+(<DB> Q1+<Q2>)
in the case of Fig. 15
Gl=(DB-<Q1>+D1)+(<DB>-Q1-<D1>)
in the case of Fig. 17
.By employing the gate circuit, arranged as described
above, a positive ("1") pulse shorter tﬁan the clock period
can also be processed, and it is possible to remove impulse
noise and chattering of the switch.
. Fig. 20 is a block diagram showing one example of the

digital filter circuit 95 that is employed in a case where

- the rectifier circuit 93, shown in Fig. 13, performs half-

wave rectification. When the rectifier circuit 93 is a
ﬁalf—wave rectifier circuit, the period of time during which
the isolated digital sighal DB becomes and remains "0" is
longer than in the case of the full-wave rectifier circuit.

Accordingly, in this example, the following algorithm of the

-digital filter is realized:

When the isolated digital signal DB becomes "1" (high
level), the digital signal output DI is set to DI = "1",

If the isolated digital signal DB remains "0" (low
level) longer than one period of the AC power supply, the

digital signal output DI is set to DI = "0",
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In other cases, the digital signal output DI is not
chgnged, i.e., DI = no change.

In this example, the digital filter comprises a gate
circuit G2 that is supplied with the isolated digital signal
DB and the clock CLK, and a monostable multivibrator MFF to
which the outpﬁt signal from the gate circuit G2 is applied.

Fig. 21 is a timing chart showing the operation of the
digital filter shown in Fig. 20.

The gate circuit G2 is éupplied with an isolated
digital signal DB and a clock CLK such as those shown at (c)
and (d), respectively, in Fig. 21, and outputs a clock that
is appliéd during the period that the isolated digital
signal DB is at the high level, as shown at (e) in Fig. 21.
The monostable ﬁultivibrator MFF, in which is set a pulse
width longer than one period of_the AC power supply,
receives as a trigger signal a pulse signal, such as that
shown at (e) in Fig. 21,;which is output from the gate
circuit G2, and outputs a digital signal DI such as that
shown at (f) in Fig. 21. |

It should be noted that since there is a likelihood in
this embodiment that the signal may be affected by noise,
the isolated digital signal may be applied through an
impulse noise gliminating circuit such as that shown in
Fig. 19.

Fig. 22 is a block'diagram showing another example of.

-
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the digital filter circuit 95 that is employed in a case
where the rectifier circuit 93 that is shown in Fig. 13 is a
half-wave rectifier circuit. |

_ In this examﬁle, the digital filter comprises a counter
CNTR which is supplied at a clear terminal thereof with an
isolated digital signal DB and which counts clocks CLK, and
a flip-flop SRFF which is set by a signél Q that rises when
the counter CNTR has counted N clocks CLK and which is reset
when the isolated digital signal DB becomes "1".

Although in the foregoing embodiments the digital
filter 4 is formed by using hardware, the arrangement may be
such that a micrbprbcessor is used to read an isolated
digital signal every predetermined peiiod of time, and a
program that executes the same algorithm as the operation.
executed by any of the digital filters shown in Figs. 15,
17, 19, 20 and 22 is installed.

Fig. 23 is a concep;ual view showing a voltage signal
input circuit which may be employed when a plurality of
voltage signals are input. |

In this embodiment, a combination of a rectifier
circuit 93 and a signal isolating means 94 is provided to
cofrespond to each input signal, and a single digital filter
circuit 95 is'used_for each input signal in a time-division
manner. If the digital filter circuit 95 is formed by using

an LSI, for example, the cost can be reduced.
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.The voltage signal input circuit, having the above-
described arrangement, provides the following advantages:
(a) since it does not use large-sized and‘costly parts such
as a transformer, a capacitor that withstands high voltage,
etc., it is possible to reduce the overall size of the
circuit and also lower the cost; (b) since there is no
energy storage part, a high level of safety is attained, and
high response can be obtained; and (c) since the same
operation is also available for DC inpﬁt, the circuit can be
used for both AC and DC, thuslproviding general-purpose
properties. . | |

Fig. 24 is a conceptuél view showing an arrangément in
which the bus BS that connects the control station FC and
the remote input/output device PO is doubled. 1In the
control station FC, communication interfaces 46a and 46b.are
provided to correspond to two bus 11nes that constitute a
double bus BS, and also in the remote 1nput/output device
PO, communication interfaces 82a and 82b are provided to
correspond to the two bus lines. Normally, data
transmission is carried out by alternately using the two
lines of the bus BS, thereby making .it possible to discover
immediately an abnofmality, if any, in either of the bus
lines or in a communication interface. If an abnormality
occurs, a normal bus or normal communication interfaces are

used to continue the data transmission.
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The bus BS is usually connected with a plurality of
remote input/output devices PO, although only one of them is
illustrated in the figuré. .Accordingly, the communication
interface 46 in the control-statién FC serves as a central
master that controls cyclic scan transmission that is
carried out befween the control station FC and each remote
input/output device PO.

Incidentally, if the control station, which serves as a
"central master, goes down, the communicatioh frame on the
bus BS is cut off. To cope with such a situation, the
communication control may be effected in such a manner that
the occurrence of such a failure is detected at the remote
input/output device (PO) side, and the right to communicate
(token) is circulated among the remote input/output devices
PO. |

Referring.to Fig. 24, the remote input/output device PO
is provided therein witﬁ-an analog input/output unit 65 that
handles an analog signal, a digital input/output unit 66
that handles a digital signal, and a communication
input/output unit 67 that handles communication with the
outside.

Fig. 25 is a conceptual view showing the way of
processing a communication packet that is sent to an
internal bus FEB that connects each of the input/output
units 65, 66 and 67 and'the communication interface 82

-
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{assumed to be a parallel interface) in the remote
input/output device PO.

Cyclic scan transmission is also carried out between
each of the input/output units 65, 66 and 67 and the
communication interface 82 by using the internal bus FEB.

This cyclic scan transmission is serial communication
that is carried out in the minimum unit (referred to as
"microcycle) of one cycle for fixed-cycle communication
between each of the input/output units 65, 66 and 67 and the
communication interface 82. Communication of 1 microcycle
comprises 3 transactions, which are minimum units for
transﬁission and reception. Fixed-cycle input/output data
is set to the first and second transactions for effecting
cyclic scan transmission. The third transaction is used for
asynchronous processing and usually unused.

Fixed-cycle input/output data transmission, which is
carried out by using thé’first and second transactions, is
executed by transmitting a coﬁmunication packet for fixed-
cycle input/output data transmission, which has been set to
the first and second transactions in advance, by using
command-response tragsﬁission'according to a scheduling
table (i.e., a table for.dontrolling the scan cycle, which
describes for each I/0 node a scan cycle for making access
to it), which is determined by the scan cycle preset for

each I/0 node.
/
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More specifically, fixed-cycle data that is transmitted
from each input/output unit to the communication interface
82 is process data, for example, data on temperature, flow
rate, pressure, etc., which are collected from the process
field. Such. fixed-cycle data is set to the first and second
transactions ahd sent in this'state. Similarly, data that
is transmitted from the communication interface 82 to ah
input/output unit is control outpﬁt data used to control:an
actuator, e.g., a valve, which is installed as a control
element, and such control output data is set to the first
and second transactions and sent in this state.

By such'cyciic scan transmission, pieces of data that
are exchanged between each of the input/output units 65, 66
and 67 and the communication interface 82 are. updated and
reflected on each other in the fixed cycle. Further, urgent
input/output data transmlsS1on is handled as asynchronous |
communication by settrng a communzcatlon packet for urgent
output to command-response transmission carried out by using
the third transaction of a microcycle communication that is
sent immediately after ah urgent output request.

More specifically, when the communication.interface 82
receives information about a matter which Should be handled
urgehtly from the control station FC}nfor example, a control
output that instructs a valve to be urgently closed to the
safe side, the communication interface 82 éets the urgent
I —
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output daté to the third tranéaction and sends it to the
input/output unit concerned.

The third transaction is similarly used to transmit
urgent infbrmation from an input/output unit to the control
station FC through the communication interface 82.

It should be noted that urgent processing that is
executed by using the third transaction includes ordinary
interruption processing.

.Thus, all the three tranSactions in one'ﬁicfocycle for
command-response transmission are not usea for fixed-cycle
processing, but one transaction is allotted for asynéhronous
processing, fof example, urgent output, thereby enabling
urgent processing to be executed without impairing the -
collection of ordinary process data and the control output
transmission processing despite serial communication.

Fig. 26 is a block diagram of an arrangement whereby a
reset state in the remoté input/output device PO can be
canceled from the control station FC without the need for
providing a séecial control signal line between the control
station FC and the remote input/output device PO. 1In this
arrangement, the control station FC and the remote
input/output device PO are connected through a pair of bus
lines constituting a double bus BS, and the remote
input/output device PO is provided with a pair of first and

second communication inéerfaces 82a and 82b.
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In each of the first and second communication
interfaces 82a and 82b, a reset'signal holding meéns 11
outputs and holds an internal reset signal upon receiving an
abnormality detecting signal that is generated when an
abnormélity occurs in the remote input/output device PO. 1In
thié example, fhe reset signal holding means 1l is formed by
using a flip-flop (F/F). A counterpart-reset control means
12 receives a reset cancel signal that is sent from the
control station FC through the bus BS, and applies the reset
cancel signal to the reset signal holding means 11 in the
other communication interface. 1In this example, the
counterpart reset control means 12 is formed by using a
monostable multivibrator (MONO MULT), for ekaﬁple.

In the control statioh FC, a reset cancel signal output
means 13 that watches whether eitﬁer of the first and second
communicétion interfaces 82a and 82b in the remote
input/output device PO ehters a reset state, and outputs,
when detecting a reset state of one communication interface,
a reset cancel signal to the other communication interface,
which is not in a reset state.

.With this arrangement, a reset state in the remote
input/output device PO-can be canceled from the control
station FC without the need for providing a special control
signal line. |

In the arrangement'shown in Fig. 26, the first'and
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second communication interfaces 82a and 82b have the same
arrangement. In the figure, an external bus interface 14 is
cdnnécted to the bus BS, and an IO interface 16 is connected
to an 1/0 unit through an internal bus FEB. Further, a
comhunication control processor 15 is provided in between
the external bus interface 14 and the IO interface 16.

The monostable multivibrator 12, which constitutes a
counterpart reset control means, is arranged to receivé a
signal output from the communication control proéessor 15
and reset the contents of the reset signal holding means
(£lip-flop) 11 1n the other communlcatlon interface.

The reset signal holding means (flip-flop) 11 is
--supplied at a set terminal S thereof with a time-up signal
from a watch dog timer WDT and other abnormality detecting
signal through an OR circuit and also supplied at a reset
terminal R with a signal from the monostabié multivibrator
12 in the.other communié;tion interface. The Q output of
the flip-flop 11 is applied as an internal reset signal to
the external bus interface 14, the communication control
processor 15 and the IO interface-16.

" In one communiéétion interface (e.g., 82a), the watch
dog timer WDT and an abnormality detecting means (not shown)
are watching whether or not the internal operation is in a
normal state. If an abnormality occurs, for example, the

watch dog timer WDT reaches a time-up state and outputs a
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time-up signal, or the abnormality detecting means detects
the abhormality and outputs an abnormaiity detecting signal.
The time-up signal or the abnormality detecting signal is
applied to the set terminal S of the flip-flop 11 through
the OR circuit, so that the flip-flop 11 is set. Thus, the
internal reset.signal becomes active, so that the external
bus interface 14, the communication control processor 15 and
the IO interface 16 are reset. Incidentally, the watch dog
timer WDT reaches a time-up state not only when the
communication control‘pro&gssorlls itself has an operation
failure but also when transient noise is generated.

The control station FC, which is connected to thé
remote input/output device PO through the bus BS, usually
executes data transmission by scan commﬁnication by using
either of thé two bus lines constituting the double bus BS
or by alternately using the two bus lines. When a
communication interface }e.g., 82a) that is connected to the
bus line being used presently in the éontrol station FC
enters a reset state'such as that described above, no
response is obtained from the communication interface 82a
any longer. Accordingly, the control station FC recognizes
that the communication interface 82a, which has.been used so
far,.has entered a reset state, or the communication
function has stopped, by the fact that no response ié

obtained. Then, the coﬁtrol station FC uses the bus line
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that is connected to the other communication interface 82b,
thereby continuing the data transmission.

- At this time, the control station FC effects reset
cancel communication for canceliné the reset state on the
assumption that the communication interface 82a has been
brought into the reset state due to the generation of
transient noise.

Command communication forlcanCeling the reset state is
carried out by the reset cancel'signal output meané'l3 in
.the control station FC, using thé one of thé two bus lines,
constituting the double_bus BS, which .is connected to the
second communication interface 82b. When a reset state
cancel signal is applied to the second communication
interface 82b, the reset control means 12 in the second
communiéation interface 82b applies a reset signal to the
reset terminal R of the flip-flop that constitutes the reset
signal holdiﬁg means Il }n the first communication interface
82a. Consequently, the flip—flop 11 is reset, so that the
reset signal, which is output therefrom to the external bus
interface 14, the communication processor 15 and the IO
interface 16, is made inactive. Thus, the reset state of
these elements is canceled. In'this way, the reset state of
the communication interface 82a is canceled. |

The command communication for canceling the reset state

is carried out a plurality of times (e.g., 3 times) on the

e
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assumption that transient noise is generated frequently, for
example. When the reset state cannot be-canceled even if
the reset cancel communication is carried out a
predetermined number of times, the communication interface
82a judges that the cause of the reset state is not
transient nqisé_(that is, some abnormality still remains).
Thereafter, the communication interface 82a'suspénds the
communication for canceling the reset state, and executes
necessary processing, for example, display of a message that
the communication interface 82a has some abnormality.

With the above-described arrangement, the reset state
of one of the two communication interfaces, which constitute
a double communication interface, is canceled by using one
of the two bus lines, which constitute a double bus. Thus,

the reset state can be canceled from the control station FC.
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WHAT IS CLAIMED IS:

1. A distributed control system including a control .
station that takes charge of control_éperation, and a remote
input/output device that is connected to said éontrol
station through ‘a remote input/output bus, wherein, in a
normal state, éyclic scan transmission is carried out by
using said remote input/output bus so that input/outpﬁt data
handled by said control station and input/output data on the
remote iﬁput/output device sidg are maintainéd equivalently,
said d1str1buted control system compr1s1ng-

a contlnuatlon transm1551on service means that first
performs transmission for urgent output only and then
pérforms normal cyclic scan transmission service after the
completion of the transmission for urgent output;

an initializafion start transmission service means that
first performs cyclic scan transmission for input only;

an interruption-dur;tion measuring means that measures
a period of transmission interruption duration of said
remote input/output bus; and

means for effecting control such that when the result
of measurement made by said intefruption duration measuring
means is shorter than a predetermined time, said
.conginuation transmission service means is activated,
whereas, when the result of measurement by said interruption

duration measuring means is longer than said predetermined
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time, said initialization start transmission service means

is activated.

2. A distributed control system accoraing to Claim 1,
wherein said continuation transmission service means has an
output data holding means that holds the latest output data
sent to said rémote input/output device.

3. A distributed control system according to Claim 1,
wherein said rembte input/output device has a no-response
detecting means that detects whether or not there is data
transmission through said remote input/output bus; or
detects a time-up signal delivered from said control
station. |

4. A distributed control system according to Claim 1,-
wherein said remote ihput/output'dévice includes:

a no-response detecting means that detect whether or
not there is data transmission through said remote
input/output bus, or det;cts a time-up signal delivered from
said control station; and

a default value output means that outpuﬁs-a signal of
predetermined value to a process as a controlled system when
a no-response state continues longer than a predetermined
time in communication between said remote input/output
device and said control station. |
5. A distributed contfol system according to Claim 1,

wherein each of said transmission service means uses a data
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transmitting function including:

a data change detecting means that detects whether or
not there is a change in data which is to be sent;

a counter that is activated to count up or down when
said data change detecting means detects a change in data
which is to be-sent; and

a count adding means that adds a value of said counter
to a signal which is to be sent.

6. A distributed control system according to Claim 1,

‘'wherein each of said transmission service means uses a data

receiving function having a data change recognizing means
that recognizes a change in data by detecting a difference
between a counter value included in a signal received in the
ﬁresent reception and a counter value included in a signal
received in the preéeding reception.

7. A distributed control system according to Claim 1,
wherein each of said trahsmission service means uses a data
receiving function having a data change count recognizing
means that detects either an increment or a decrement of a
counter value to thereby recognize a number of times of
change of a signal which has occurred since the preceding
communication ¢yc1é. |
8. A distributed contfol system according to Claim 1,
wherein said control station is provided with:

a signal sending means that sends a command for
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processing to be executed at said remote input/output

device; .

a couﬁter that is activated to count up or down when a
processing command is changed to another; énd

a count- adding means that adds a value of s;id counter
to a signal which is to be sént;

and said remote input/output device is provided with a -
command recognizing means that recognizes that a new
processing command has been sent to said remote input/output
device by detecting a difference between a counter value
included in a signal received in the present reception and a
counter value included in a signal received in the preceding
reception.
9. A distributed control system according to Claim 1,
wherein said control station is provided with:

a signal sending means that sends a command for

processing to be executed at said remote input/output

device;

a counter that is activated to count up or down when a
processing command is changed to another;

a count adding means that adds a value of sa;d counter
to a signal which is to be sent; and |

a transfer confirming means that makes a comparison
between a combination of data and a counter'value, which has

been sent back from saié remote input/output device, and a
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combination of data and a counter value, which is now being
sent out, thereby checking whether_dr not the data transfer
has been surely effected;

and said remote input/output device is provided
with a command recognizing means that redognizes that a new
processing-comﬁand has been sent to said remote input/output
device by detecting a difference between a counter value
included in a signallreceived in the present reception and a
counter value included in a signal received in the preceding
reception; and

a signal retu;ning means that returns received data and
counter vaiue to said control station by scah communication
in a predetermined cycle.

10. A distributed control syétem according to Claim 1,
wherein said remote input/output device includes:

a rectifier circuit that rectifies an input voltage
signal; '

.é signal isolating means that transmits a rectified
output from said rectifier circuit after electrically
isolating it; and.

a digital filter circuit that removes a short-time off-
signal from an output signal that is transmitted thereto
through said sighal isolating means, thereby obtaining an
isolated digital output signal.

11. A distributed control system according to Claim 1,
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wherein said remote input/output device performs internal -
fixed-cycle communication, which includes serial
communication carried out in 1 microcycle, which is the
minimum unit of.one cycle, said microcycle being divided

into three transactions so that command-response

transmission is carried out with each transaction,

said first and second transactions being allotted for
fixed~cycle input/output processing, and
" said third transaction being allotted for asynchronous
processing.
12. A distributed control system according to Claim 1,
wherein said control station and said remote input/output
device are each formed in a double structure, and said
remote input/output device is provided with a pair of first
and second communication interfaces, which are each provided
with: |
a reset signal hclding means that outputs and holds an.
internal reset.signal upon receiving an abnormality
detecting signal that is generated when an abnormality
occurs in said remote input/output device; and
a counterpart reset control means that receives a reset
cancel signal sent from said control station through said
bus and applies gsaid reset cancel signal to said reset
signal holding means in the other communication interface.

13. A distributed control system according to Claim 12,
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wherein said control station is provided with a reset cancel
signal output means that watches whether 6r not either of
said first and second communication interfaces in said
remote input/ohtput device enters a reset state, and
outputs, when detecting a reset state of ohe communication
interface, a réset cancel signal to the other communication
interface, which is not in a reset state. |

14. A distributed control sYstem according to-Claim 13,
wherein said reset cancel signal output means executes
communication for cancellation of a reset state a

predetermined number of times.
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