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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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Descri‘pti on BACKGROUND OF THE INVENTION 1. Field of the Invention

Thg present -invention relates to a distributed control systemthat control s
process vari abl es, for exanpl e,

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

20

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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tenperafure, pressure, etc. More particularly, the present invention
relates to a distributed control system conprising a control station which
t ake$ charge of var- ious kinds of control operation, and a plurality of
renot e inputl output devices which are distributed separately fromthe
control station to exchange signals with sen- Sors, actuators, etc. Mire
specifically, the present inven- tion relates to transm ssion control of a
data bus (renote input/output bus) that connects the control station and

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
;f)\ 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
~,__,,——-—**“”""”
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the rerote input/output devices in the distributed control system -
Further, the present-invention relates to neasures which are taken to cope
with”a power failure in a systemwhere a control station and a renote

i npu/ out put device are supplied with electric power from power supply sys-
tems which are independent of each othe~ 2 Description of the Prior Art

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

<:Z; each of.normal, continuation and initialization start
ltransmission 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

5:>n\ function, which is used in each of the transmission service
e 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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A typical distributed control systemis supplied with a. large nunber of
input signals froma process as a con- trolled systemand outputs

mani.pul ated variable signals to a | arge nunber of control el énents. In
order to allow the whole controlled systemto be nonitored and con- trolled
conprehen5|vely, a plurality of renote input/out-

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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put devices are connected to the control station in ac- cordance with the
natyre of each particular task as- signed thereto. Bet ween the contro
station and the renpte input/ output devices is provided a shared nenory to
which fead/wite access can be nade fromboth the control station side and
t he-renote input/output device side, and cyclic scan transm ssion is
carried out. for each re- note input/output device through a renote

I nput / out put

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/dutput 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 é remote input/output device to be
canceled from a control station. |
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig} 1l is a conceptual view showing the arrangemgnt 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 signal) to a

_A// -
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bus so tthat the contents of a data buffer used by a m- croprocessor in the

conkr ol

station and input/output data on the renote input/output device

si de are nmmintai ned equivalently. Such cyclic scan transm ssion is
carried out accord- ing to preset transm ssion conditions, for. exanple:
(a) -the correspondence between the i nput£out put nodes of the renote
I nput/ out put- devi ces and the

e~

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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respecti‘ve addresses on the shared nenory; (b) the cyclic scan

transm ssion cycle used for each | nput / out put node; and (c) the
ki nd of transni ssion service (e.g., reading of i nput data, exchange of
out put data for read-back data, and so forth) that is to be perforned
for-each I npu/ out put node. A typical conventiognal system of the

type descri bed above is arranged such that when a power supply for

separately from the control station FC and arranéed to be
supplied with input signals from various 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

R 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 cycle 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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the system fails and then recovers fromthe failure, the microprocessor in
theicontrol station executes the above described cyclic scan transm ssion
agai n. Such a systemis disclosed in US-A-4 639 889, where tiner
watching is perfornmed, to detect a transms- sion cutoff due to a power
failFure. The reaction of the systemupon such a transm ssion cuttoff is
not control -

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
'{:F. 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 duration
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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-3- | ed by the time duration of the power failure, but is just

“

A

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

11 This Sheet Has Been Reﬂ
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actuated after tine. over detection. After the restoration of the power an
assenbly perforns an initial malfunction treatnment to restore the nornal
state. SUMVARY OF THE | NVENTI ON The conventional system arranged as
descri bed above, suffers fromthe problemthat when the power supply
recovers froma power failure, the normal- trans-

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 operation of the system.

;“)x\ 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
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m ssion*control, which is carried out by using the renote input/output bus,
canpot be started pronptly because the m croprocessor in the control
station has been doing various kinds of work for recovery fromthe power
failure, and a great deal of tinme is required for the systemto recover its
norimal process control operation. In view of the above-descri bed
problens of the prior art, it is an object of the present invention to
provide a distributed control system which is capable of pronptly

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

LA 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

N 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)




recoveri*fng its normal process control operation in such a case that the
powgr supply recovers froma power fail- ure. It is another object of
the present invention to pro- vide a distributed control Systemwhich is
desi gned so that a renote input/output device can be disposed at a di stance
from.a control station, and it is unnecessary to bring a field wring,

whi ch connects with sensors or the like, into the control station.

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

"l



Accor di g to the present invention there is provided a distributed control
sysktem as defined in claim1l. Fur- ther favourable devel opnments of this
di stributed control systemare described in the subclains 2 to 12.

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, transmission (input/output
transmission) for an application is carried out.

The operating mode shifts from the recovery confirming

S

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

i')\\ 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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BRI EF DESCRIPTICN CF THE DRAMVNGS Fig. 1 is a conceptual view

showi ng the arrange-

A

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

16 This Sheet Has Been Reﬂlaced
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ment of *the distributed control systemaccording to the present invention.
Fige .2 is a block diagram showi ng one enbodi nent of the present invention.
Fig. 3 illustrates basic operating nodes prepared for each of normal,
continuation and initialization start transm ssion service nmeans. Fig.
4 is.a flowhart show ng an operation that takes place when a nonentary
power failure occurs on the

S
‘." LN

P

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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renot e input/out put device side. Fig. 5is a flowmhart showi ng an
operation that takes place when a power failure occurs on the contro
station side. Fig. 6 is a block diagram showi ng a data transfer
function, which is used in each of the transm ssion serv- ice nmeans, the
figure mainly showing a function used to-transfer data fromthe renote

I nput/ out put devi ce side. Fig. 7 is atimng chart showi ng an operation
of scan _

(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.
I\ 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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comuni ¢ati on performed between a control station and a renote input/output

devisce. Fig. 8 shows one exanple of the arrangenent of a signal
(connunlcatlon frame or comruni cati on packet) sent to a control station
t hrough a bus. Fig. 9 is a block diagramshow ng a data transfer

function, which is used in the normal transm ssion serv- ice neans, the
figure mainly showing a function used to transfer data fromthe contro
station side to the renpote

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 witﬁ.a no-response detecting means that
5')\ -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 (abnorma; 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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| nput / out put device side. Fig. 10 is a timng chart show ng an
operation of scan communication that is carried out froma control
station to a renote input/output device.

r.'\ y
N

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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Fig. 11% s a bl ock diagran1shomﬁng a data transfer function, which is used
in each of the transm ssion serv-'ice neans, the figure mainly show ng a
function that is

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

i:; 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 present and

preceding counter valueé, which are extracted by the count
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used toveffect reliable data transm ssion between a con- trol station and a
renmpt e i nput/out put device wi th hand- shaki ng executed therebetween.

Fig. 12 is atimng chart showing a scan communi - cation operation that is
performed by a data sending sta- tion (control station) and a data
receiving station (renote input/output device) in the arrangenent shown in
Fig. 11. Fig. 13 is a bl ock diagram show ng one exanpl e of

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

LS 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
R counter 72 returns to 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

T~




an input circuit for inputting a DC vol tage signal, an on/ off signal of a
swi tching el ement, and an AC voltage sig- nal in a‘renmote input/output

devi ce.

Fig. 14is a timng chart show ng one exanple of the operation

of the input circuit shown in Fig. 13. Fig. 15 is a block diagram

showi.ng one exanple of a digital filter circuit in the arrangenent shown in
Fig. 13.

Fig. 16 is a timng chart show ng the operation of the circuit

shown in Fig. 15.

'
\
-

(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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Fig. 17*i's a bl ock di agram show ng anot her exanple of the digital filter

cirguit in the arrangenent shown in Fig. 1 3. Fig. 18 is a timng chart
showi ng the operation of the circuit, which is shown in Fig. 17, in the
case of full- wave rectification. Fig. 19 is a circuit diagram show ng

anot her ar- rangenent of a gate circuit enployed in the circuits shown in
Figs. 15 and 17. |

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 Tl 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

o 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 ‘counter values, the data change

St

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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Fig. 20 s a block di agram show ng one eXaane of a digital filter that is
enpl;oyed in a case where a rectifier circuit that is shown in Fig. 13
-perforns hal f-wave rec- tification.

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,
gy 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
'j\\ 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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- 6- s Fig. 21 is a timing chart showing the operation of the digital
filter shown in Fig. 20. Fig. 22 is a bl ock diagram show ng anot her
exanpl e

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

1;{ counter 54 is activated to count up or down 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

- This Sheet Has Been Reﬂlaced 26

TR



of a digital filter that is enpl oyed in a case where the rectifier circuit

that. is shown in Fig. 13 is a half-wave rectifier circuit. Fig. 23 is a
conceptual vi ew showing a voltage sig- nal input circuit which may be
enpl oyed when a plurality of voltage signals are input.- Fig. 24 is a

conceptual view show ng an arrange- nent in which a bus that connects a
control station and a renote input/output device is doubl ed.

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 proceSS1ng
concerned is sent from the signal sending means 53. The
counter 54 is not activated to count up, for example, but

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

SR ~ executed. The count adding means 55 adds the counter value -
"0" at this time to the processing command "A" and sends it
to the remote input/output device PO. The same
communication 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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Fig. 25 1is a conceptual view show ng the way of processing a conmunjcation
packet that is sent to an internal bus that connects each of i nput/output
units and a-commrunication interface (assunmed to be a parallel in- terface)
in a renote input/output device. Fig. 26 is a block diagramof an
arrangenment which enables a reset state i-n a renote input/output device to
be canceled froma control station.

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.

o | 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

DR 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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DESCRI PT1 ON OF THE PREFERRED EMBCODI MENTS Fig. 1 is a conceptual view
showi ng the arrange- nent of the distributed control system according to
the present invention. Referring to the figure, a plurality of control
stations FC take charge of- control operation for a process as a controlled
system The nunber of control stations FC distributed over the control
field depends on :

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

{l;\ ' 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
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the scale of the probess. A renote input/output device POis provided for

each, contro

station FC. The renote input/output device POis supplied with

nornal i zed an- al og signals, contact signals or various digital signals

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
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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fromvari ous sensors or other simlar devices disposed in the process
field, and it sends a control output (ma- nipulated variable signal) to a
control elenment such as

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
L 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 couht extracting méans 84 extracts
a counter value from the received signal. A data or command
transfer recognizing meahs.ss recognizes that data transfér
C) - 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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a valve> The control station FC and the renpte input/ output device PO are
conpected through a bus BS, and fixed-cycle conmunication (scan

communi cation) of in- put/output data is performed therebetween. An
operator station OP functions as a man-machine interface and has a keyboard
and a CRT. The operator station OP is installed in an instrunment panel
room for exanple. The operator station OP is arranged to be ca- pable of

di spl ayi ng process data sent from each contro

)

o
* S

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. | | .

Fig. 12 is a timing chart showingla 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

I
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station*FC t hrough a conmuni cati on network BUS, bf I nstructing the control
staktion FC to change set values, control paraneters and so forth, and of .
perform ng a process control operation. Bet ween the control station FC
and the renote in- put/output device PO scan communication of inputicut-
put data is constantly perforned through the bus BS, so that the state of
data'that is handled by the remte input/ output device POis reflected on
a menory incorporated
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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in the control station FC. Fig. 2 is a block diagram show ng one

enbadi nent of the present invention. Referring to the figure, a control
station FC, which is in charge of control operation, is connected with a
plu- rality of renote input/output devices P01, P02, P03... POn through a
renot e i nput/out put bus BS. The renote input/output devices are distributed
over the control field separately fromthe control station FC and arranged
to

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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be supphtied with input signals fromvarious sensors in- stalled in the
fiekd and to output control signals to actu- ators such as val ves.

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 voltéée signal Vy, 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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-8-. “In the control station FC, a control operation unit processor) 1
takes charge of control operation, for ex- anple, PID control operation
and sequence control op- eration. A power circuit 2 supplies electric
power to each part of the control station FC. A non-volatile shared

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

e 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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menory 3 is arranged so that the control operation unit 1 can gain

read/ wite access to the shared nenory 3 and that inpuVoutput data which
are transmtted to and fromthe renote input/output devices POL, P02,
P03... POn through the renpte input/output bus BS can be witten
cyclically into the menory 3 in a cycle with which oversanpling is nade
Wth respect to the operation cy- cle of the control operation processor
1. A transm ssion control unit 4 controls transm ssion

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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perfornmed through the renote input/output bus BS. In the transm ssion
congrol unit 4, a normal transm ssion service nmeans 41 perfornms cyclic scan
transm ssi.on so that inpu/output data handl ed by the control operation unit
1 and input/output data on the renote input/output device (PO side are

mai nt.ai ned equivalently during the data-transm ssion carried out by using
the'renote input/ output bus BS in a normal control operating state. A con-
tinuation transm ssion service neans 42 first perforns

as shown at (e) in Fig. 16, so that the switch SW1l 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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transm ssion for urgent output only and then perforns the normal cyclic
scanp transm ssion service after the conpletion of the transm ssion of the
urgent data. An initialization start transm ssion service neans 43 first
performs only cyclic scan transm ssion for fetching input data. Every one
of these nmeans is realized by using a m croprocessor (not shown) provided
in the transmi s- sion control unit 4. An cutoff duration neasuring
means 44 measures

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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a period of transm ssion cutoff duration in which the transm ssion via the
remgte input/output bus BSis in- terrupted by e.g. a power failure. The
cutof f duration neasuring nmeans 44 conprises a tiner which is backed

~

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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-9- up*with a battery so that even when the supply of power fromthe power
circuit 2 fails, the operation of the cutoff duration nmeasuring means 44
continues. A transm s-

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.

e
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sion serwice switching control part 45 perfornms switch- ing control such
t hat. when the result of neasurenent nmade by the cutoff duration neasuring
nmeans 44 is shorter than a predeternmined tinme, it activates the con-
tinuation transm ssion service neans 42, whereas, when the result of
measurenent by the cutoff duration neasuring neans 44 is |onger than the
predetermined tinme, the transm ssion service switching control part 45
activates the initialization start transm ssion service

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

{;E 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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means 43. A communication interface 46 is arranged to send output data to
t he .renote input/output bus BS after changing it normally to bit-serial
signals and formatting themin a predeterm ned manner and to receive such
si gnal s. The operation of the control system arranged as descri bed
above, w Il be explained below Operation in the normal control operating
state:

.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 obtalned- and (c) since the same
operation is also ava11ab1e for DC 1nput, 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 norrmal transm ssion service nmeans 41 in the transm ssion control unit 4
performs the cyclic scan transm ssion so that input/output data handl ed by
the control operation unit 1 and input/output data on the re- note

i nput/out put device side are nmaintained equiva- l'ently. The cyclic scan
transmssion is carried out in a cycle with which oversanpling is nade with
respect to the control operation cycle of the control operation proc- essor
1. Input/output data fromthe renote input/output

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

N "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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devices«PQ err], PQ2, PCB... POnis witten into the shared memory 3, and
the.contents of the nenory 3 are updat- ed. The control operation unit
1 reads out the input/out- put data fromthe shared nenory 3 in the control
Oper =

{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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- 10 - +ation cycle and perforns predeternined-control opera- tion by using
the .readout data. For exanple, the control operation unit 1 perfornms PID
control operation on the . -

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
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deviation of a neasured value (PV), which is obtained fromthe process,
froma preset value (SV) for control to obtain a control output (M). Then,
the Control operation unit-1 wites the result of the operation into the
shared nenory 3. The output data, witten into the shared nenory 2 by the
contr.ol operation unit 1, is sent to the renote input/output devices POL,
PO2, PG3... POn to control the operatlon of actuators |linked to the renDte
|nput/output devi ces POL, PQ2, PQGB...POn.

output data to the third transaction 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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The abowe control action realizes a control opera- tion in which the
openi.ng of a valve, for exanple, is con- trolled so as to follow up the
result of the arithmetic op- eration performed by the control operation
unit+ 1. It should be noted here that the correspondence be- tween the
renot-e i nput/out put devices P01, P02, P03... POn and the respective address
positions on the.shared nenory 3 and what kind of transm ssion service is
to be perfornmed have been set for each renote input/

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

e 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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out put device in.advance of the tine of starting the op- eration of the
syst.em Operation in a case where a nomentary transm ssion cutoff occurs:
The cutoff duration measuring means 44 nonitors the transm ssion condition
on the renote input/output bus BS for each renote input/output device, and
when the period of transm ssion cutoff duration is shorter than '

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 in\the other communicétion interface.

The reset signal holding means (flip-flop) il 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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a predetermned time, it judges that a nonentary trans- m ssion
interruption or cutoff has occurred. In this case, the transni ssion service
swi'tching control part 45 drives the continuation transm ssion service
means 42. The continuation transm ssion service neans 42 first per- forns
transm ssion for urgent output, and after the com

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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pl eti onsof the urgent output transmssion, it shifts the

Y
-~

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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transm ssion node to the normal cyclic scan transms- sion. It should be
noted here that to which output node the urgent output transmssion is to
be perforned is set in advance, together with other transm ssion

condrti ons,

for exanple, a limt nunber of tinmes of retransm ssion, which

Is carried out when a transm ssion error- occurs during the urgent out put
transm ssion. Operation in a case where a long transm ssion cutoff

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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occurs: » When the cutoff duration measuring means 44, which nonitors

the,transm ssion condition on the re- note input/output bus BS, judges that
t he perlod of transm ssion cutoff duration is |onger than a1ﬂﬁsﬂﬁﬂﬁ&3am
time; the transm ssion service switching control part 45 actl
initi-alization start transm ssion service neans 43. The trans

servi ce neans 43

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
A remote iﬁput/output device sidg are maintainéd equivalently,
said distributed control system comprising:

a qontinuafioﬁ transmission 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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first perfornms only the cyclic scan transm ssion for in- putting data
(i ncluding read-back of an output value to an actuator) thereby updating

the input data. After the conpletion of ThieS o the
data-i nput operation, the control operati es the out- put
data as a result of the arithmetic operati fts the

_ this

transm ssion service to the normal transm s- S|on serV|ce
the transm ssion service sw tching con-

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 remote 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'device includes:

a no-response detecting means that detect whether or
not there is data transmission through said remote
input/output bus, or detects 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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trol part 45 carries out sw-tching—eentrol of the operation perforned by

each _transm ssion service neans de- endi ng upon the period of
transn155|on cut of f dh renot e i nput/out put device. Fig.
3 iltustrates basic op u prepared for each of the norma
conti-nuation and initi t transm ssion service neans 41 42 and
43

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 confrol 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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Each transm ssion service neans perforns the
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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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above-described transm ssion service, depending upon the period of
transm ssion cutoff duration, and has the TolTow ng basic operating nodes:
Traném ssi on stop node: The transn1samQ@m§@H%l enters this

node.when a power failure occurs in the con unlt 1in a state
lII Heratlon unit 1 and

where no data is being transmtted between
combination of data and a counter value, which is now being

any of the renote input/

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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out put devices. _Recovery-eenfi+mmng transm ssion node: Buring this
m)de‘, Ao transm ssion (i nput/ ﬁgetd transm ssion) for an application is

carri*ed out, but iTh ther or not franme transm ssion can be
per - sf or ned betweent\ii‘ﬁ eratlon unit 1 and each renpte
I nput./ out put deV|ce
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 ié.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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When tha control operatlon unit 1 recovers fromthe power failure the
operqtlng node shifts fromthe trans- m ssion stop node to this node.
Transni ssi on service node: EUrlng thi s node, transn155|dWS$W“thBﬂmR

(0 7 ans” s on) vor an Syl calfon 5" car o8 SR

operating node shifts fromthe recovery con-
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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firmngstransmssion node to this node when recovery response or
recoyery is received fromthe re- note input/output device side.

noti ce of
~When

no response fromthe renpote input/output de- vice side is recerved

'consecutlvely nore than a prede- term ned nunber of tines, or m@ﬁ&n&nBe R
cn

failare no-

DISTRIBUTED CONTROL SYSTEM

ABSTRACT

A distributed control'system including a control
station that: takes charge of control operation} and a iemote
input/output dévice that is connected to the control station
through a remote input/output bus. In a normal state,
cyclic scan transmission is carried out by using the remote
input/output bus so that inpuf/output data handled by the
control station and input/output data on the remote
input/output device side are maintained equivalently. The
control statlon is provided with a continuation transm1ss1on
service means that first performs transmission for urgent
output only and then performs normal cyclic scan

transmission service after the completion of the

~ transmission for urgent output, an initialization start

transmission service means that first performs cyclic scan
transmission for input only, and an interruption duration
méasuring means that measures a period of transmission
interruption duration of the remote input/output bus. When
the result of measurement made by the inter;uption duration
measuring means is shorter than a pfedetermined time, the
continuation transmission service means is activated,
whereas, when the result of measurement by the interruption

duration measuring means is longer than the predetermined

60




- 13'¥ﬁvtice signal is output fromthe renote input/output device side, the
opergting node shifts fromthis node to the .

-

]

time, the jnitialization start transmission service means is
activated. Thus, when the power supply recovers from a
power failure, for example, the system can recover from the
transmission interruption state rapidly and shift to the

normal process control operation promptly.

i
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)
ret®very confirmng transmi ssion node. It shoul.d be noted here that the
ctof f duration measuring neans (timer) 44 operates in such a manner as to
sttart measuring tine at the point of tine when the operating node shifts
fromthe transm ssion service node to the recovery confirmng transm ssion
node, and stop the nmeasurenent of tinme at~the point of tine when the
recovery processing in the recovery confirm ing transm ssion node is
conpl eted, thereby determn-

Fig.1

BUS

/ FC : Control -St_otion |

PO : Remote PIO

"/

BS
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PRS- .
ng the finme interval between the two points to be a pe- riod of
transni ssion cutoff duration. Wth the above-descri bed arrangement
when the power supply recovers froma power failure, the

transm ssion service neans is activated, depending upon the period of
transm ssion cutoff dura- tion, so that the system can recovdhis ech R
the transm ssion cutoff state and shift to the nornal process m,l m”l’ii

operation pronptly. .
Fig.2
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4 ; s a flowchart showi ng an operation that takes place when a
rm\‘rrent ary power failure occurs on the renote input/output device (PO side.
The control station FCis provided with an output data hol di ng neans that
al ways holds the | atest output data that is delivered to the renote
I nput / out put device (PO side. When a power failure occurs on the renote
i nput / out put device (PO side, the cutoff duratlon nmeas- uring neans 44
detects it via the renote |nput/output

Fig.3
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shoul d be noted here that the occur-
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put device

whi ch are sent fromthe renote input/out-
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oc§uWrence of a power failure and the recovery there- fromfroman cutoff
or interruption of data transm ssion, which is carried aut cyclically by
using the bus BS. When the power supply on the renote inpu/out put
device (PO side recovers fromthe failure, the cutoff du- ration measuring
means 44 detects the recovery and suspends the neasurenent of the period of
cutoff du- ration (Step 3). The transm ssion service switching control

| Fig.6
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d%cﬁﬁeS‘mhether the power failure is nonmentary or not by judgi ng whether
the cutoff duration neasured by the cutoff duration neasuring neans 44 is
shorter or longer than a predetermned time (Step 4). If the power failure
s judged to be. a nmonentary power failure, the trans- mision service

swi tching control part 45 activates the continuation transm ssion service
means 42, so that, af- ter the power supply has recovered fromthe failure,
the output data delivered just before the occurrence of the
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pa‘v\eﬁ failure, which has been held in the output data hol ding neans, is
first transmtted to the renote input/ output device (PO side (Step 5).
On-recei pt of the output data fromthe control station (FC) side, the
renmote input/output device (PO side sends it to the process side. Thus,
the control output is continuously sent to the process side. Upon
conpletion of the continuation start operation after the nonehtary power
failure, the operation shifts to the cyclic scan

Fig.9
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- \'. .. . .. . . .
tL£ansm ssion, which is perfornmed by the normal trans- m ssjon service neans

4%t I n addition,
unit- (processor) 1 (Step 6), so that the control
of the control output are re- suned.

Fig.10
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. 8
ddring the transm ssion of the output data

It should be noted here that when a transm ssion error occurs

Fig.11
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*

‘above-descri bed continuation start operation, the transm ssion, of
the output data is repeated until the datais successfully transmtted,
wit hin a preset nunber of tines. Such a nunber of tines of retransm ssion
of out- put data and other transm ssion conditions are set in ad- vance.
If it is judged at Step 4 that a | ong power failure oc- curs on the renote
i nput/out put device (PO side, the transm ssion service swtching control

i B tthe

part 45 activates .
Fig.12
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thefinitialization start transni ssion service nmeans 43 to execute
processing for a long power failure (Step 7). The processing for a |l ong
power. failure is realized, for exanple, by executing the cyclic scan
transm ssion for fetching the input data (including read-back of an out- -
put value to an actuator) and then updating the input data on the basis of
the cyclic scan transm ssion. Upon conpletion of the transnission for
initialization start, which is limted to fetching of the input data, the
oper a- -

Fig.13
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t&oﬁ‘shifts to the normal cyclic scan transm ssion, which is perfornmed by

the normal transm ssion service neans 41. Fig. 5is a flowhart show ng
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 control
station FC or a failure in the renote input/

Fig.15
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out put bus BS, no data transm ssion is carried out through the renote

i Nnput/output bus BS, and a time-up signal is sent froma watch dog tiner,
far exanple, which is provided in the control station FC. The renote input/
out put device POis provided therein with a no-response detecting neans
that judges that there is an abnormality

Fig.18 (a) ok 4 LA LA LA LFLFLFLFLS LIS
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-_16 -. on the control station (FC) side by detecting no response to the
déta transm ssion through the renote input/output

-«
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_busuBS or detecting a tinme-up signal fromthe control station (FC) side.
Wien the no-response detecting neans detects a no-response state (abnormal
st.ate) (Step 21) and the no-response state continues |long (Steps 22 and

23), a signal representative of a prespecified safe value (de- fault value)
is sent to the process side (actuator side) (Step 24). Vhen t he
no-response time is short (e.g., in a case
Fig.24
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where fhe control station FC recovers fromthe abnormal state inmmediately),
data that is received fromthe control station (FC) side is sent to the
psocess side to continue the data output operation. Wth the
above-descri bed operation, when a no- nentary power failure occurs on ‘the
renote input/output device side or the eontrol station side, the control
oper- ation can be continued w thout suspending the control function. In
addi tion, when there is a malfunction in the '

Fig.25
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ccjra-TroI station FC or a trouble in the input/output bus t he out put val ue
‘to the process can be changed to a safe value w thout causi ng’ runaway.
Fig. _6 is a block diagramshowi ng a data transfer function, which is used
in each of the transmission serv- ice means 41, 42 and 43. The figure
mai nly shows a data transfer function used to transfer data fromthe re-
not e i nput/out put device (PO side. In the renote input/output device
. PO, which serves

Fig.26
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DISTRIBUTED CONTROL SYSTEM

'BACKGROUND OF THE INVENTION

1. Field of the Invention

"The present invention relates to a distributed céntrol
system that controls process variables, for example,
temperature, pressure, etc. More particularly, the present
invention relates to a distributed control system comprising
a contfol 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 controi station and the remote
input/output devices in the distributed control systém.

Furfher, the preseﬂi invention relates to measures
which.are_taken to cope with a powef failure in a system
where a control station and a remote input/output device are
suppiied 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 manipulated variable signals to a large

-
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17 - is to be sent fromthe renote input/output device PO A

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 memory to which read/write
access can be made from both the control statibn side and
the remote input/éhtput device side, and cyclic scan
transmission is carried out for each remote input/output
device through a remote 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 equivalentiy.

Such cyclic scan transmission is éarried out according
to preset transmission conditions, for exampie:

(a) - the correspondence_ﬁetween the input/output nodes of
the remote input/output devices and the respecﬁive addresses
on the shared memory;

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

(c) fhe 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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: Sheet Has Been R laced e |
_ : ”Illl“ |||I“ I“I llﬂi "~ This is the replacement sheet
: 2§ OCT 19%

Date:




val ue of the counter 72 to the signal

counter 72 is activated to count up or down when the data change detecting

means 71 detects a change in the data. A count adding nmeans 73 adds the

communi cation interface 82 perforns data3transm ssion between the renote
is connected to the conmunication in-

which is to be sent fromthe renote
I nput / out put device PO These nmeans are pro- vided for each input signal
put/ out put device PO and the control

station FC. A m-

croproceSsor 81
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 control station executes the above-

described cyeclic scan transmission again.
SUMMARY OF THE INVENTION

The conventional system, arranged as describgd above,
suffers from the problem that when the power 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 1in the

control station 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
control operation.

In view of the above-described problems of the prior
art, it is an object of the present invention to provide a
distributed control sysiem which is capéble 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/output device can be disposed at a

distance from a control station, and it 1is unnecessary to

bring a field wiring, which connects with sensors or the
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terface 82 through a bus BS. The data change detecting neans 71, the
counter 72 and the count adding neans 73 are each realized by software.

In the control station FC, which serves as a data receiving station, a
comuni cation interface 46 is con- nected to the bus BS. The comuni cation
I nterface 46 receives signals (data) seng fromthe renote input/out- put
devi ce PO and stores them sequentially in a scan input inage region of a
menory 50 as scan input imag-

like, into the control station.

BRIEF DESCRIP‘i‘ION OF THE DRAWINGS

Fig. 1 is a concepﬁuai view showing the arrangement of

the distfibuted control system according to the present =
~ invention. . .

Fig. 2 is a bloék 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.

Fiq. 4 is é flowchart showing an operation that takes
place when a momentary power failure occurs on the remote
input/outputldevice'side. |

Fig. 5 is a'flowchait showing an operation that takes
place when a powér'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 the remote 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 example of the arrangement of a signal
(communication frame or communication packet) sent to a

-

emR1 This is the replacement sheet

\\ll\l\\\lll\l\\\l\l\ 26 00T 6.



es. A count extracting neans 51 extracts fromscan in- put inmages a counter .
val ue sent by the present scan comruni cation and a counter val ue sent by
the preced- ing scan conmuni cation. A data change recogni zi ng nmeans 52
makes a conpari son between the present and precedi ng counter val ues, which
are extracted by the count extracting sefns 51, and recognizes that there

|s|a change in the data when there is a difference between the t wo counter
val ues.

control station through a bus. |

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

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

Fig. 11 is a block diagram showing a data tfansfer
function, which is used in each of the transmission service
means, the figure mainly showing a function that is used to
effect réliable data transmission between a control station
and a remote input/output device with handshaking executed
therebetween.

Fig. 12 is a timing charf showing a scan éommunication
operation that is perfor;ed by a data sending station
(control_station) and a data receiving station (remote
input/output device) in the arrangement shown in Fig. 1l.

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 timing chart-showing one example of the

operation of the input circuit shown in Fig. 13.

et
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Fig. 7 is atimng chart showi ng an operation of scan conmuni cation
performed between the control station FC and the renote input/output device
PO. In the figure, (a) shows on/off signals which are in- put to the
renot e input/output device PO froma push- button, for exanple. The data
change detecting neans 71 detects whethke or not there is a change in the

i nput

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 operatlon of the
circuit shown in Fig. 15.

Fig. 17 is a block diagram showing another example of
the digital filter circuit in the arrangement shown in
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 and 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 showh in Fig. 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 block diagram showing another e#ample of a
digital fiiter that-is employed in a case where the
rectifier circuit that is shown in Fig. 13 °'is a half-wave
rectifier circuit.

Fig. 23 is a conceptual view showing a voltage signal

input circuit which may be employed_whén a plurality of
I —
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- 18 - signal, shown at (a) in Fig. 7, for exanple, a signa

voltage signals are input.

Fig. 24 is a conceptual 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 communication packet that is sent to an
internal bus that éonnects 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 arrangemeht which.
enables a reset state in é remote input/oufput device to be
canceled from a control station.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a conceptual view showing the arrangemgnt of
the distributed control system accordinglto the present
invention. Referring to the figure, a plurality of control
stations FC take_chargelbf control operation for a process
as a controlled system. The number of control statioms FC
distributed over the control field depends on fhe scale of
tﬁe process. A remote input/output device PO is provided
for each cohtrol station FC. The remote input/output device
PO is supplied with normalized analog signals, contact
signals or various digital-signals from various sensors or
other similar devices disposed in the process field, and it
sends a control output (manipulated variable signal) to a

I ————
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change from OFF to ON. Wen such a signal change occurs, the data change
detecting neans 71 causes the counter 72 to count up, for exanple, as shown .
at (b)y in Fig. 7. In this exanple, it is assuned that the initial value of
the counter 72 is "1 " and the counter 72 counts up consecutively fromthe
Lnitial value, for sinplification. It shdl-d be noted that the value of the
counter 72 returns to the initial value when it reaches the counter '
capacity. The count addi ng neans 73 reads the value of the coun-

4

control element such as a vaive. The control station FC and
the remote input/output device PO are connected through a
bus BS, and fixed-cycle communication (scan communicatioﬁ)
of input/output data is performed therebetween.

An operator station OP functions as a man-machine
interface and has 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 netwérk BUS, of instructing the
control station FC to change set values, control parameters
and so forth, and of performing a process control operation.

..Between the control station FC and the remote
input/output device PO, scan communication of input/outpuf
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 reflecté& oh 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, PO3...POn
through a remote input/output bus BS. The remote

input/output devices are distributed over the control field
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ter 72 in the scan cycle T2 and adds the counter value to a comunication
frame (comruni cation packet). The comrunication frame with the counter

val ue added thereto is transnmtted to the control station FC through the
conmuni cation interface 82. Fig. 8 shows one exanple of the arrangenent
of a signal (communication franme or commgni-cati on packet) sent to the
control station FC through the bus BS The comruni cation franme

conpri ses an address

separately from the control station FC and arranged to be
suppiied with input signals from various 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 takes charge of control operation, for
example, PID control operation and sequence control
opeéation. 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 gain read/write access to the shared memory 3 and that
input/output data which are transmitted to and from the
remote input/output devices P01, P02, PO3...POn through the
remote input/output bus BS can be written cyclicaliy into
the memory 3 in a cycle with which oversampling is made with

" respect to the operation cycle of the control operation
processor 1.

A transmission control unit 4 controls transmission
performed through ‘the remote input/output bus BS. In the
transmission control unit 4, a normal transmission service
means 41 pefforms cyc;ic 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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ADR of a renote input/output device PO, which is pro- vided at the top, a
channel nunber CHN of an input con- tact signal, which follows the address
ADR, a counter value COU added as data, which follows the channel nunber
CHN, and a parity PY provided at the end. At the control station FC
the communication inter- face 46 witeg ggquentially signals sent thereto
I n the scan comuni cation cycle T2 in a region of the nenory 50 that
constitutes a scan input imge buffer, as shown

bus BS in a normal éontrol oéefating'state. A continuation
transmission service means 42 first performs transmission
for urgent output oniy and then performs the norhal cyclic
scan transmission service after the complétion of the
transmission. of thé urgent data. An initialization start
transmission service means 43 first performs only cyclic
scan transmission for fetching input data. Every one 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 backed up with a battefy
so that even when the supply of power from the power circuit
2 fails, the operation of the interruption duration
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, when the result of measurement by the
interruption duration measuring means 44 is longer than the
predeterminedltimé, the transmission éervice switching
control part 45 activates the initialization start

transmission service means 43. A communication interface 46
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at (c) in Fig. 7. The wite cycle (update cycle) basically corresponds to
the scan conmmunication cycle T2. |If a comunication error occurs during the
scan communi - cation, as shown by X in between (b) and (c) in Fig. 7, the
control station FC does not update the scan input inmage. Wien there are a
plurality of input changes dur- ing one jgerd od of the scan comuni cati on
cycle T2, as :

is arranged to send output data to the remote input/output
bus BS after changing it normally to bit-serial signals and
formatting them in a predetermined manner and to receive
such sign;ls.

The operation of the control system, arranged as
described above, 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 POl,
P02, P03...POn is writtéh into 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 tpe 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 (SV) for control to obtain a control
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- 19 - inthe case of a part that is represented by the counter

- 12 -

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 meméry 2 by the control
operation unit 1, is sent to the remote input/output devices
Poi, PO2, PO3...POn to contrél the operation of actuators
linked to the remote input/output devices POl, PO2,
PO3...POn. -

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

It should be noted here that the correspondence between
the remote 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 ope;ation of the system.

Operation in a case where a momentary transmission

interruption occurs:

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

interruption has occurred. 1In this case, the transmission
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values "3, 4 and 5" in (b) of Fig. 7, the scan input inmage 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 directly, as shown -
at the corresponding portion in (c) of Fig. 7. The scan input image,
which is stored in the scan input image fyffer, can be read according to
need in the control station FC. In the case shown at (d) in Fig. 7, the
scan input inage is read out in the control cycle T1 of

service switching control part 45 drives the continuation
transmission service means 42. The continuation
transmission service means 42 first performs transmission
for urgent output, and after the completion of the urgent
output transmission, it shifts the transmission mode to the
normal cyclic scan transmission. It shouid 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 monitors the ﬁransmission condition on the remote
input/output bus BS, judges that thé period of Eransmission
interrupfion duration is longer than a predetermined time,
the transmission service switching control part 45 activates
the initialization start transmission sérvice means 43. The-
transmissidn_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 operation, the control operation unit 1
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the control station FC. The reading of the scan input im age is carried
out as foll ows: The count extracting neans 51 extracts fromthe scan
i nput i mage buffer a counter value sent in the present scan comrunicati on
and a counter value sent in the preceding scan conmuni cati on. Next, the
data change recogni zi ng neans 52 nakes.aigoopari son be- tween the present
and precedi ng counter values, which are extracted by the count extracting
means 51. If there ' - '

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

In this way, the transmission service.switching control
part 45 carries out switching control of the operation
performed by each transmission service méans, 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
transmissioﬂ service means 41, 42 and 43.

Each transmission service means performs the above-
described 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 uhit 1 and any of the remote input/output devices.

Recovery confirming transmission mode:

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

checked whether or not frame transmission can be performed
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Is a difference between the present and precedi ng coun- ter values, the
dat a change recogni zi ng neans 52 rec- ognizes that there is a change in the
i nput contact signal, whereas, if there is no difference between.the
present and precedi ng counter values, the data change recog- nizing nmeans
52 recogni zes that there is no change +nl5he input contact signal. Then,
the data change recog- nizing neans 52 transfers the result of the
recognition to a CPU or the like in the control station FC

between the control operation unit 1 and each remote
input/output device.

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

Transmission service mode:

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

The operating mode shifts from the recovery confirming
tranémission mode to this mode when recovery response or
notice of recovery is received from the remote 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'frém this mode to the recovery

confirming transmission mode.

It should be noted here that the interruption duration
measuring means (timer) 44 operates in such a manner as to
start measuring time at the point of time when the operating
mode shifts from the transﬁission 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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If there is provided a nmeans for obtaining increnent data representative of
an anount by which the present counter value has increased fromthe
precedi ng counter value, it is possible to recognize the nunber of changes
t hat have occurred since the preceding conmunication cycle.

- 16 -

processing ih 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 recovers from a power failure, the most appropriate
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 floﬁchart 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 remote input/output device (PO) side.
When a power failu;e 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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20 - Al t hough the description has been made by way of

- 17 -

failure and a recovery notice signal, which are'sent from
the remote input/output device (PO) side. It ié also
possible to detect the occurrence of a power failure and the
recovery therefrom frd@_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 recovers from the failure, the interruption
duration measuring means 44 detects the recovery and
suspends the measurement 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 duration measured by the
interruption duration measuring means 44 is shorter or
longer thah a predetermined time (Step 4). If the power
failure is judged to be ; momentary power failure, the
transmission service switching control part 45 activates the-

_ contiﬁuation t;ansmission 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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an- exanpl e in which an input contact signal is trans- ferred fromthe
renote i nput/output device POto the control station FC, it should be noted
that the present invention may al so be applied to a case where data that is
used to on/off control a valve, for exanple, is trans- ferred fromthe
control station FC to the renote input4 Dgtput device PO Further, the
arrangenent of the com nunication frane sent by scan comruni cation is not
necessarily limted to that shown in Fig. 8 |In addition,

(FC) side, the remote input/output device (PO) side sends it
to the process side. Thus, the control output is
continuously sent to the process side. Upon completion of
' the continuation start operation after the momentary power

failure, the. operation shifts to the cyclic scan
transmission, which is performed by the normal transmission
service means 4l. |

In addition, notice of recovery is sent to the qontrol
operation unit (processor) 1 (Step 6), so that the control
operation and the sending_df the control output are resumed.

It sh%uld 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 éata is repeated until the data
is successfully transmitted, within a preset number of
times. Such a number of times of retransmission of output
data and other transmission conditions are set in-admance.

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

Tﬁe processing for a long power failure is realized,
for example, by executing the cyclic scan transmission fbr

fetching the input data (including read-back of an output
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al though in the foregoing description the counter value is counted up, it
may be counted down. Further, it should be noted that the termcounters
herei n enpl oyed in- cludes a neans such as a register nmeans in which a data
val ue hel d therein changes in accordance with an input signal. By
executing the above-described scan commg®ei -~ cation for data transfer
between the control station FC and the renote input/output device PO a

si gnal change

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 normal transmission service means 41l.

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 tﬁe 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/ocutput bus BS, and a time-up signal is sent
from a watch dog timer, for example, which is provided in
the control station FC. The remote input/output device PO
is provided therein with a no—respoﬁse 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 lbng (steps 22 and 23), a signal

representative of a prespecified safe value (default value)
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can be transmtted reliably w thout om ssion or overlap of change

I nformation even if there is a conmunication error or a signal change that
is nmore rapid than the scan conmuni cation cycle. Fig. 9 is a block

di agram show ng a data transfer function, which is used in the norma
transm ssion serv- ice neans 41. The figgpe-mainly shows a data transfer
function used to transfer data fromthe control station FC to the renote

i nput /out put device PO It is assuned

is sent to the process side (éctuator side) (Step 24).

When the no-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
the data output 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
addition, when there is a malfunct@on in the control station
FC or a trouble ip the input/output bus, the output value to
the process can be changed to a safe value without causing
runawvay.

Fig. 6 is a bloék diagram showing a data transfer
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 provided
to correspond to contact input signals, respectively, so as
fo process input contact s;gnals to signals which can be
handled by the remote input/output device PO by eiectrically

isolating the contact signals and removing noise therefrom.
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that signals such as those which are represented by A, "B","C'... are
transferred as processing commands fromthe control station FC to the
renot e i nput/out put. device PO

- 21 -

A data change detecting means 71 detects wheéher or not
there is a change in the data which is to be sent from the
remote input/output device PO. A counter 72 is activated to
count up or down when the data changé 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 81l is connected to the communication
interface 82 through a bus BS. The data change detecting
means 71, the counter 72 and the count aading means 73 are
each realized by éoftwaré. .

In the control station FC,.whjich serves as a data
receiving station, a communication interface 46 is connected
to the bus BS. The communication 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 means
51 extracts from scan input images a counter value sent by
the present scan communication and a céunter value sent by
the preceding-scan communication. A data change recognizing
means 52 makes .a comparison between the present and

preceding counter values, which are extracted by the count
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- 21 - In the control station FC, a signal sending neans 53 sends
commands for processing to be executed in the renote input/output device PO
and ot her necessary

- 22 -

extracting means 51, and recognizes that there ié 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 input/output dev1ce PO.

In the figure, (a) shows on/off signals which are 1nput
to the remote input/output device PO from a pushbutton, for
example. The data change detecting means 71 detects whether
or not there is a change 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 causes fhe counter 72 to count up, for example, as
shown at (b) in Fig. 7. In this example, it is assumed that
the initial value of the Eounter 72.is "l"_and the counter
72 counts up consecutively from the initial value, for
simplification. It should be noted that the wvalue of the
counter 72 returns to the initial value when it reaches the
counter capacity. The count adding ﬁeans 73 reads the value
of the counter 72 in the scan cycle T2 and adds the counter
value to a éommunication frame (communication packet). The
communication frame with the counter value added thereto is
transmitted to the control -station FC through the
communication interface 82.

Fig. 8 shows one example of the arrangement of a signal
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signals. A counter 54 is activated to count up or down when a processing
command sent fromthe signal send- ing neans 53 is changed to another. A
count addi ng neans 55 adds the value of the counter 54 to the processing
command which is to be sent fromthe con- trol station FC. A m croprocessor
57 realizes the signal sending neans %323t he counter 54, and the count
addi ng neans 55 by using software. In the renote input/output device
PO, a communi -

(communication frame or communication packet) sent tb the
control station FC through the bus BS.

The communication frame comprises an address ADR of a
remote input/output device PO, which is provided at the top,
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 controi 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 scanlinput image buffer, as shown at {(¢) in
Fig. 7. The write cycle (update cycle) basically
corresponds to the scan communiéation cycle T2, 1If a
communication error 6ccurs during the scan communicati&n, as
shown by X in between (b) and (¢) in Fig. 7, the control
station FC does not update the scan input image. When there
are a plur;lity 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"
directly, as shown at the corresponding portion in (c) of

Fig. 7.
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cation interface 82 receives a signal sent fromthe con- trol station FC.
The received signal is stored in a nem ory 83. A count extracting neans 84
extracts a counter value sent by the present scan comuni cation and a
counter value sent by the preceding scan comruni ca- tion. A conmand
recogni zi ng neans 85 nmakes a com pariso2d between the present and preceding
counter val- ues. If these two counter values are the sane, the com nand
recogni zi ng nmeans 85 continuously executes the

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) in Fig. 7, the scan
input image is read out in the control cycle Tl of the
control sﬁation FC. The reading of the scan input image is
carried out as follows:

The count extracting means Si extracts from the scan
input image buffer a counter value sent in the present scan
communication 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 cbunter
values, which are extractéd by the count extracﬁing means
51._ If there is a difference between the present and
preceding counter 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 counter 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 fof 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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operation based on the present processing command. If the two counter

val ues are different fromeach other, the conmand recogni zi ng neans 85

j udges that a new processing conmand has been sent, and comrences
processing based on the new processing command. A microprocessor 81
real i zes the count extracting neans 84-am8 the command recogni zi ng neans 85
by using software. Fig. 10 is a timng chart show ng an operation of

that have occurred 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 case 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 foregoing description
the counter value is counted up, it may be counted down.
Further, it should be noted that the term Pcounter“‘herein
empioyed 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 apove-described scan commﬁnication for
data transfer between the control station FC and the remoﬁe
input/output device PO, a signal change can be transmitted
feliably without-omissioﬁ 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 41. The figure méinly shows a data transfer function
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scan communi cation that is carried out fromthe control station FCto the
renote input/output device PO In the timng chart, the tinme axis extends
fromthe top to the bottomas viewed in the figure.

- 26 -

used to 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
transferred as processing coﬁmands from the control station
FC to the remote input/output device PO. |

In the control station FC, a signal sending means 53
sends commands for processing to be executed in the remote
input/output device PO and other necessary signals. A
counter 54 is activated to count up or down when a
processing'command sent from the signal sending means 353 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 the control station FC. A microprocessor 56
realizes the signal sending means 53, the counter 54, and
the count adding means 55 by using software.

In the remote input/output device PO, a communication
interface ‘82 receives ‘a signal sent from the control 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 comﬁunication. A command recognizing means
85 makes a comparison betweeh the present and preceding
counter values. If these ﬁwo counter values are the same,
the command recognizing means 85 continuously executes the

operation based on the present processing command. If the
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When the control station FC demands that the re- note input/output device
PO shoul d execute processing

- 27 -

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. In the timing
chart;'the time axig extends from the top to the bottom as
viewed in the figure.

When the control station FC demands that the remote
input/putput device PO should execute processing "A", a
processing command "A" for starting the processing
concerned is sent 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 the processing command "A" and sends it
to the remote input/output device PO. The same
communication frame, which comprises a counter vaiue and a
processing command, 1s continuously sent for each scan cycle
T2. Thus, scan input imagéé are formed in thg memory 83
provided in the remote input/output device PO.

If a communication error occurs during the scan
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"A", a processing command "A" for starting the process-ing concerned is
sent fromthe signal sending means 53. The counter 54 is not activated to
count up, for ex- anple, but maintained in the "0" state until next
process- ing "B is executed. The count addi ng neans 55 adds the counter
value "0" at .this tinme to the processirg28om mand A' and sends it to the
renote i nput/output device PO The sanme conmunication franme, which
conprises a counter value and a processi-ng conmand, is contin- uously sent
for each scan cycle T2. Thus, scan input -

communication, as shown by 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 value, for simplification. The value of the
counter 54 returﬁs to the initial wvalue when it reaches the
counter capacity.

To allow the remote input/output device PO to execute
fhe next processing "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 timé, counts up the counter value, and then
sends the resulting communication f£rame 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 extracied counter valués;
Then, thé command fecognizing means 85 makes a comparison-
between the present and preceding counter values, which are

extracted by the count extracting means 84. If these two

s
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I mages are fornmed in the nenory 83 provided in the renote input/output

devi ce PO I f a comrunication error occurs during the scan -

comuni cation, as shown by X in between the control station FC and the
renote input/output device POin Fig. 10, updating of the scan input inage
IS not executed. In this exanple, it is @9suned that the initial value of
the counter 54 is "0" and the counter 54 counts up consec- utively fromthe
initial value, for sinplification. The val ue

counter values are the same, the command recognizing means
85 maintains the present processing. If the two counter
values are different from each other, e.g., in such a case
that the counter value has been counted up from "0" to ﬁl“,
the command recognizing means 85 judges that a new
processing command has been sent, and starts the 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 recognizing 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 program used in the remote input/butput
device PO. 1In addition, although in the.foregoing
description the counter value is counted up, it may be
counted down. Further, it should be noted that the term
"counter" herein 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
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of the counter 54 returns to the initial value when it reaches the counter
capacity. To allow the renbte input/output device POto exe- cute the
next processing "B", the control station FC changes the processing comand
to "B", activates the counter 54 to count up by one, and sends a conmuni -
cation frame conprising the counter val @ "-1" and the processi ng  conmand
"B" to the renote input/output de- vice PO Thereafter, the control station
FC successively

error or omission of information, if 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 EC 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. Accbrdingly, when
bidirectional transfer of data is to be carried out, each
device must be provided 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
comparison between a combination of data and a counter
value, which has been sent back from the remote input/output
device PO, which serves as a data receiving station, and a
combinationlof 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 has been sent back, and the
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changes the processing conmand and, at the sane tine, counts up the counter
val ue, and then sends the resulting conmunication frane to the renote
i npuvout - put device POin the sane way as the above.

- 31 -

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
nismatch is found, 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 value, which are now
being sent out. It should be noted that a microprocessor 56
realizes the signal sending means 53, the counter 54, the
count adding means 55, and the transfer confirming means 56
by using softﬁare. .

In the remote input/output device PO, which serves as a
data receiving station, a count extracting means 84 extracts
a countér value from the received signal. A data or command
transfer recognizing means 85 recognizes_that data transfer
has started when it detects a difference between a counter

'value received in the presenf receiving operation and
extracted by the count 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 téturns, 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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- 23 - In the renote input/output device PO the count ex- tracting
means 84 extracts the counter values sent through the bus BS in the scan
conmmruni cation cycle, and the command recogni zing nmeans .85 refers to the

- 32 -

the control station FC by scan communication in a
predetermined cycle.

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

Fig. 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 commencing transfer of déta "A" at the sending
stétion 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. 1In
this data transfer operation, the same communication frame,
which comprises the data "A"™ and the counter value "0", is
repeatedly sent for each scan cbmmunication cycle until the
control process shifts Eo 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 extraéted
from the signal received by the present reception and the

counter value extracted from the signal received by the
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extracted counter values. Then, the conmmand recogni z- ing neans 85 nakes a
conpari son between the present and precedi ng counter val ues, which are
extracted by the count extracting neans 84. If these two counter val- ues
are the sane, the command recogni zi ng nmeans 85 nmintains the present
processing. If the two counter val- ues 38e-different from each other,

e.g., in such a case that the counter val ue has been counted up from"0" to
"1", the command recogni zi ng nmeans 85 judges that a

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 microérocessor 81 can use it. The signal
returning means 86, when receiving data, returns the
received data "A" and the counter value "0" to the sending
station by scan communication in a predetermined cycie. In
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 fhe data "A" and the counter value "0",
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 correctlf
carried out, and instructs the signal sending means 53 to
send new data "B", tdgether with a counter value, which is
counted up, for examplé, i.e., "1", to the receiving
station. On receipt of such an instruction, the signal
sending means 53 enters a new step where it sends the new
data "B"™ and the counter vélue e tb 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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new processi ng command has been sent, and starts the processing
corresponding to the processing conmand "B'. - Thus, the renote

i nput/ out put device PO can start various kinds of processing according to
the command signal sent fromthe control station FC on the basis of the
result of the judgenment nade by the com@and rec- ognizing neans 85. | f
shoul d be noted that processing that is activated

a communication failure, e.g., loss of a communication
frame, the transfer confirming means 56 instructs the signal
sending means 53 to continue the sending-of 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.

By carrying the above-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 circuit 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 flgure, reference 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 should be noted
that in a case where the AC power supply 91 itself shows an
on/off state in accordance with the controlled condition of:
the-process, the switching'élement 92 is eliminated. A
diode bridge rectifier circuit 93 rectifies an input AC

voltage signal that is applied via the switching element 92
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in the renote input/output device PO includes process- ing of sending a
mani pul ated variable signal to a valve or the like installed in the process
field, and processing of starting various kinds of programused in the
renmote input/output device PO In addition, although in the fore- going
description the counter value is counted38ps it may be counted down.
Further, it should be noted that the term"counter"” herein enpl oyed

i ncludes a neans such as a register nmeans in which a digital signal held
therein

and outputs a unipolar voltage signal Viecr Which is not
smoothed. A signal isolating means 94 is supplied with the
unipolar voltage signal Viec through a resistance Rl and
driven by this voltage signal. In this example, a
photocoupler. is employed as the signal isblating means 94.

Reference symbdl RC denotes a load resistance for the
signal isolating means (photocoupler) 94. A buffer BUF
receives the signal that is transmitted through the
photocoupler 94. A digital'filter circuit 95 is supplied
with the output of the buffer BUF, that is, the isolated
digital signal DB that is transmitted through the signal
isolating means 94. The digital filter circuit 95 is
arranged to remove short-—-time off-signals from the siénal
épplied thereto and to output a digital signal DI.

Figf 14 is a timing chart showing one example of the
operation of the input circﬁit described above. It is
assumed that an AC voltage signal Vin 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 Vréc' as shown a£ (b) in Fig. 14.
The signal isolating means 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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changes in accordance with an input signal applied thereto. Thus, the
renote i nput/output device PO can be re- liably activated to execute
desired processing by trans- mtting various conmands thereto i ndependently
of a communi cation error or om ssion of information, if such

- 36 -

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 transhitted through the signal isolating means 94
and outputs the resulting signai as a digital output signal
DI, as shown at (d) in Fig. 14.

The digital output signal DI has delays Tp 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 érrangement shown in
Fig. 13. 1In Fig. 15, reference symbols FFl, FF2 and FF3
denote flip-flops. A gate circuit Gl is supﬁlied with the
isolated digital signal DB and the respective outputs Ql and
Q2 of the flip—-flops FF1l and FF2. A switch SWl is driven by
the output of the gate circuit Gl so as to select either of
the outputs Q1 and Q2 of the flip—-flops FFl and FF2 and
apply the sélected output to the flip-flop FF3.

The f£lip-flops FFi énd FF2 are arranged in the form of
shift registers so that either of the outputs'Ql and Q2 of
the flip-flops FFl and FF2 is selected in accordance with

the output of the gate circuit Gl and latched by the flip-
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- 24 - occurs. Fig. 11 is a block diagran1shomﬁng‘a data transfer

- 37 -

flop FF3. It should be noted thét each flop~flop operates
on the clock CLK.

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

Fig. 16 is a 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 signai
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 FFl and FF2 successively rise in
response to the rise of the isclated digital signal DB, as
shown at (c) and (d) in.Fig. 16, and the output digital
signal DI also rises in synchronism with the second clock.

When the isolated digital signal DB temporarily becomes
“0" halfway, as shown by the arrow P, it is reflected on the
outputs Q1 and Q2 of the flip-flops FFl 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
becomes "1" before the output Q2 becomes "0". Therefore,

the output of the gate circuit Gl becomes "1" (high level),
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function, which is used in each of the transm ssion serv- ice nmeans 41, 42
and 43. The figure mainly shows a data transfer function that is used to
effect reliable data transm ssion between the control station FC and the
re- note input/output device PC with handshaki ng execut- ed therebetween.
Fig. 11 is a functional block di agram-aB@anrged on the assunption that the
control station FCis a data transmtting station, while the renote

i nput / out put de-

as shown at (e) in Fig. 16, éo 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 change, but maintains the high-level
state, as shown at (f) in Fig. 16.

If the isolated digital signal DB becomes and remains
"0" for a longer time than .one period of the clock CLK as in
the case of the interval TF immediately after the isolated
digital signél DB has fallén, 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 is&lated 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 rectlflcatlon of the AC power
supply AC, the period of time during which the isolated
digital s1gna1 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 the period of the clock CLK to be

about 4 ms.
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vice POis a data receiving station. Accordingly, when bidirectional
transfer of data is to be carried out, each device nust be provided with
bot h data sending and re- ceiving functions. In the control station FC,
whi ch serves as a data sending station, a transfer confirm ng neans 56
makes a conpari son between a conbi nati-orgof- data and a counter val ue, which
has been sent back fromthe re- note input/output device PO which serves
as a data -

L4

Fig. 17 is a block diagram showing another exampie 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 the isolated digital signal DB and the
respective outputs of the flip-flops FFl and FF3. The
switch SW1 selects either the output Ql of the f£lip-flop FF1l
or the output Q3 of the flip-flop FF3 in accordance with the
output of the gate circuit Gl and applies the selegted
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 gate circuit Gl is supplied with the isolated
digital signai DB, a signal <Ql> (<> represents an inverted
state), which is obtaineé by inverting the output Q1 of the
flip-flop FFl, and the output Q3 of the fiip-flop FF3, and
drives the switch SW1l in accqrdance 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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receiving station, and a conbination of data and a coun- ter val ue, which

I S now bei ng sent out, thereby. checking whether or not the data transfer
has been surely effect- ed. If a match is found between the conbi nation
of data and a counter val ue, which has been sent back, and the conbination
of data and a counter value, which is nowgbei ng sent out, the transfer
confirm ng neans 56 judges that the data transfer has been surely effected,
and in- _ -

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> QL+ <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
ﬁoise 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".

This Sheet Has Been Replaced ~ This is the replacement sheet

IR 26 007 5

+-Date:



structs the systemto send new data, together with a counter val ue which
has been counted up or down, to the receiving station. If a msnmatch is
found, the transfer confirm ng nmeans 56 judges that the data transfer is
not being surely effected, and instructs the signal sending neans 53 to
continue the sending of the data and the4l -

In other cases, the digital signal output DI is not
chgnged, i.e., DI = no chahge.

In this example, the digitai filter comprises a gate
circuit G2 that is supplied with the isolated digital signal
DB and the clock CLK, and a monostable multivibratof MFF to
which the output 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 applied during the period that the isolated digital
signal DB is at the high level, as shown at (e) in Fig. 21.
The monostable multivibrator 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 aé that shown in
Fig. 19.

Fig. 22 is a block diagram showing another example of
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- 25 - counter value, which are now being sent out. It should be noted
that a m croprocessor 57 realizes the signa

- 42 -

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 example, the digital filter comprises a counter
CNTR which is supplied at a clear terminal thereof with an
isolated digital signal DB and which counts ciocks CLK, and
a flip-flop SRFF which is set by a signal 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 micréprbcessor is used to read an isolated
digital signal every predetermined period of time, and a
prdgram 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 concepLual 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 providea to
correspond 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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sendi ng neans 53, the counter 54, the count adding nmeans 55, and the
transfer confirmng neans 56 by us- ing software. In the renote

| nput / out put device PO, which serves as a data receiving station, a count
extracting neans 84 extracts a countervalue fromthe received signal. A
data or command transfer recogni zing neags 85 recogni zes that data transfer
has started when it detects a differ- ence between a counter val ue received
in the present

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 éapacitor that withstands high voltage,
etc., it is possible to reduce the overall sige 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
cperation is also available for DC inpﬁt, the circuit can be
used for both AC and DC, thus providing general-purpose
properties. .

_ Fig. 24 is a conceptuél view showing an arrangément in
which the bus BS that connects ﬁhe control station FC ana
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 lines that constitute a
double bus BS, and also }n the remote input/output device

| PO, communication interfaces 82a and 82b are provided to
correspond to the two bus lines. Normally, data
tiansmission is carried out by alternately using the two
lines of the bus BS, thereby making .it possible.to discover
immediately an abnormality, 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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receiving operation and extracted by the count extract- ing neans 84 and a
counter value received in the pre- ceding receiving operation and simlarly
extracted by the count extracting neans 84. A signal returning neans 86
returns, when receiving data and a counter value fromthe control station
FC as a data transmtting station, the-ragei-ved data and counter value to
the control station FC by scan communication in a predeterm ned cycle.

It should be noted that a m croprocessor 81 realizes

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. Acco;dingly, the communication
interface 46 in the control station FC serves as a central
master that controls cyclic scan transmission that is
carried out between the control station FC and each remote
input/output deviceJPo.

Incidentally, if.the control station, which serves as a
central master, goes down, the communication 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 withhan analog input/output unit 65 that
handles an analog signal, a diéital input/output unit 66
that handles a digital signal, and a communication |
input/outpup 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 FEE that éonnects each of the input/output

units 65, 66 and 67 and the communication interface 82

This Sheet Has Been Replaced This is the replacement shee

.Date: 2 SOCT 19%



the count extracting neans 84, the data transfer recog- nizing neans 85,
and the signal returning neans 86 by using software. Fig. 12 is a
timng chart showi ng a scan conmuni - cation operation that is perfornmed by
the data sending station (control station FC) and the data receiving sta-
~tion (renpte input/output device PO in ge_above-de- scribed arrangenent.
It is assuned that data "A" to "E" is to be transferred fromthe sendi ng
station to the re-

(assumed to be a parallel interface) in fhe 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—dycle communication

between each of the input/output units.65, 66 and 67 and the
communication interface 82. Commgnication of 1 microcycle
comprises 3 transactions, which are minimum units for
transmission 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 the first and second transactions, is
executed by transmitting a coﬁmunicatiqn packet for fixed-
cycle input/output data transﬁission, which has been set to
the first and second transactions in advance, by using
command-response'transmission according to a scheduling
table (i.e., a table for controlling the scan cycle, which
describes for each I/O node a scan cycle for making access
to it), which is determined by the scan cycle preset for

each I/O node.
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ceiving station. Upon comrenci ng transfer of data "A" at the send- ing

station FC, the signal sending neans 53 and the count adding neans 55 carry
out scan communi cati on by adding a new counter value "0" to the data "A" to
be transferred. In this data transfer operation, the sane

-~ 46 -

More specifically, fi#edfcycle data that is transmitted
from each input/output'unit to the communication interface
82 is process data, for example, data on temperature, f£low
rate, pressure, etc., which are collected frqm the process
field. Such-fixed-cycle data is set to the first and second
transactions and sent in this state. Similarly, data that
is transmitted.from the communication interface 82 to an
input/output unit is control outpﬁt data used to control an
actuator, e.g., a valve, which is instailed as a control
element, and such control output data is set to the first
and second transactions and sent in this state.

By such cyclic 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 transmission is handled as asynchronous
communication by setting a communication packet for urgent
output to command-response transmission carried out by using
the third transaction of a microcycle comﬁunication that is
sent immediately after an urgent output request.

More épecifically, when the communication interface 82
receives information about a matter which should be handled
urgently from the coptrol station FC, for example, a control
output that instructs a valve to be urgently closed to the

safe side, the communication interface 82 sets the urgeht
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- 26 - communi cati-on frame, which conprises the data "A"' and the counter
value "0", is repeatedly sent for each

- 47 -

output data to the third transaction and sends it to the
input/output unit concerned.

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

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

Thus, all the three transactions in one microcycle for
command-reéponse'transmission are not used for fixed-cycle
proceséing, but one transaction is allotted fof asynchronous

" processing, for 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 commuhication.

Fig. 26 is a block diagram of.an arrangement whereby 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 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 interfaces 82a and 82b.
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scan conmmuni cation cycle until the control process shifts to the next step.
At the receiving station PO the count extracting neans 84 extracts a
counter value fromthe received signal, If there is a difference between
the counter value extracted fromthe signal received by the present recep-
tion and the counter value extracted froh8t+e signal re- ceived by the
precedi ng reception, the data transfes rec- ognizing neans 85 judges that
the transfer of new data

In each of the first and second communication
interfaces 82a and 82b, a reset signal holding means 1l
outputs and holds an internal reset signal upon receiving an
abnormality detecting signal that is generated when an
abnormality occurs in the remote input/output device PO. 1In
this example, the reset signal holding means 11 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 example.

In the control station FC, a reset cancel signal output
means 13 that watches whether eitﬁer of the first and seéond
communiéation inteifaces 82a and 82b in_the remote
input/output device PO enters a reset state, and outpuﬁs,
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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has started,'and stores the sent data "A" into a prede- term ned region of
the menory 83 so that the m croproc- essor 81 can use it. The signal
returni ng means 86, when receiving data, returns the received data "A" and
the counter value "O' to the sending station by scan com nunication in a
predeterm ned cycle. In this operation,. ghe-sane data and the sane counter
val ue are repeat- edly sent for each scan conmunication cycle until the
control process shifts to the next step.
second communication interfaées 82a and 82b have the same
arrangement. In the figure, an external bus interface 14 is
connected to the bus BS, and an IO interface 16 is connected
to an I/0 unit through an internal bus FEB. Further, a
communication control processor 15 is provided in between
the .external bus interface 14 and the IO interface 16.
Tbe monostable multivibrator 12, which constitutes a
counterpart reset control means, is arranged tp receive a
signal output from the communication control proééssor 15
and reset the contents of the reset signal holding means
(flip—-flop) 11 in the other communicétion 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 monostable multivibrator
12 in the other commﬁnication interface. The Q output of
.~ the flip-flop 11 is applied as an internal reset signal.to
thé external bus interface 14, the communication control
processor 15 and the IO interface-1l6.
In one. communication interface (e.g., 82a), the watch
dog timer WDT and an abnormality detecting means (ndt 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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At the data sending station FC, the transfer confirm ing nmeans 56 receives
the data "A" and the counter val- ue "0", which are sent back fromthe data
receiving sta- tion by scan comuni cation, and conpares themw th the data
and counter value, which are now being sent out. If the data and counter

val ues match each other, the transfer c@dgi+m ng nmeans 56 judges that the
data transfer has been correctly carried out, and instructs the signal
sendi ng neans 53 to send new data "B", together

time-up signal, or the abnormality detecting means detects
the abnormality and outputs an abnormality 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 11l is set. Thus, the
internal reset signal becomes active, so that the external
bus interface 14, the communication control processor 15 and
the IO ihterface 16 are reset. Incidentally, the watch dog
timer WDT reaches a time-up state not only when the
communication control proﬁgssor_ls itself has an operation
failure but also when transient noise is generated.

The control station FC, which is connected to the
remote input/output devicé PO through the bus BS, usﬁally
executes data transmission by scan communication by-using
either of the two bus lines constituting the double bus BS.
or by alternately using the two bus lines. When a
communication interface ke.g., 82a) that is connected to the

. bus line being used presently in the control station FC
enters a reset state such as that described above, no
response is obtained from the communication 1nterface 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 is

obtained. Then, the control station FC uses the bus line
e
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with a counter value, which is counted up, for exanple, i.e., "1", to the
receiving station. On receipt of such an instruction, the signal sending
means 53 enters a new step where it sends the new data "BE and the counter
value "1" to the receiving station. If the received data and counter
val ue do not match the data and counte#5¥alue, which are now being sent

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 canceling the reset state on the
asSumption that the communicatibn interface 82a has been
brought into the reset state due to the generation of
transient noise.

Command communication for canceling the reset state is
carried out by the reset cancel'signal output means 13 in
.the control station EC, using the 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 in the first_communication.interface
82a. Consequently, the flip-flop 11 is reset, so that the
reset signal, which is outpuﬁ 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. 1In 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
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27 - out due to a communication failure, e.g., loss of a com

-52 -

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 noise (that is, some abnormality still reyains).
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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muni cation franme, the transfer confirmng neans 56 in- structs the signal
sendi ng neans 53 to continue the sending of the data "A" and th
val ue "0", which are now being sent out. In this way, the sending and re-
ceiving stations performreliable transfer of data "hisShedBHas BeeRe ,
execut i ng handshaki ng. Al t hough in 488 4 oregoing d 1?
counter value is counted up, it may be counted down. t he
above-descri bed scan conmuni ca-

WHAT IS CLAIMED IS:

1. A distributed control system including a control
station that takes charge of control Speration; and a remote
input/output device that is connected to said control
station through ‘a remote input/output bus, wherein, in a
normal state, cyclic scan transmission is carried out by
using said remote input/output bus so that input/output data
handled by said control station and input/output data on the
remote input/output device side are maintained equivalently,
said distributed control system comprising:

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

an initialization 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 interruption duration measuring
means is shorter than a predetermined time, said
conﬁinuation 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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tion, various kinds of data can be surely transferred to the rennte station
I ndependently of comunication er- rors. Fig. 13 is a bl ock diagram
showi ng one exanple of an input circuit for inputting a DC volﬂh Sheef nRﬂ‘“ﬂ
an on/ off signal of a switching elenent, and an AC vol tage sig- 'H‘
renot e input/output device PO In-tga f-i gure. reference nune

denotes a AC power supply. A switching elenment 92, for exanple,

time, said initialization start transmission service means
is activated. |

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

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

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

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

wherein each of said transmission service means uses a data
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relay contact, outputs a status signal in accordance with the controlled
condition of the process. I}_shoUTH’be not- ed that in a case where the AC
power supply 91 iTlﬂeShEetsMﬁsnhﬁllaedﬂ/ off state in accordance with the

controlled conditi ss, the switching element 92 is
elimnated. A diod

ler cirgglid 93 rectifies an input AC

vol tage signal that I's appl a the switching elenent 92 and outputs a
uni pol ar voltage signal V[err] which is not snoothed. A signal isolating
means 94 is

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
present reception and a.counter value included in a signal
received in the preceding reception.

7. A distributed control sysfem according to Claim 1,
wherein each of said trahsmission.service means uses a data

' receiving function having a data change count recognizing
means thét 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 éyclé. |
8. Aidistributed control system according to Claim 1,
wherein said control stétion is provided with:

a signal sending means that sends a command for
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supplied with the uni polar voltage signal V[err] through a resistance R1
and driven by this voltage signal. In this exanple, a photoceupler

enpl oyed as the signal iso- |lating nmeans 94. - Reference s nbol RC

denotes a | oad resistance for the signal isolating neans (ph
A buffer BUF receives the signal that is56ransnitted through t ’ , l"

processing to be executed at said remote input/oﬁtput
device;

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

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

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 bg exeéuted at said remote input/output
device;

a counter that is activéted to count up or down when a
processing pommand 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 said remote input/output deVice, and a
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- 28 - photocoupier 94. A digital filter circuit 95 is supplied with

This Sheet Has Been Refi faced

o HMMWII

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;

and said remote input/output device is provided
with a command recognizing means that recdgnizes 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; and |

a signal returning means that returns received data and
counter value to said control station by scan 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;

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

a digifal 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,

. | This is the replacement shiet
(LT — A

“Date:



the output of the buffer BUF, that is, the isolated digital signal DB that
Is transmtted through the signal isolating neans 94. The digital filter
circuit 95 is arranged to re- nove short-tine off-signals fromthe signal
applied thereto and to output a digital signal D . Fi 9. 14 n% Sheet Ha¥iBeéh Replace
chart show ng one exanple of the operatgsgn-of the input CI rcuit T‘lml‘

above. It is as- suned that an AC voltage signal V[ferr] is out pun“mm“ ‘
accord- ance with the on/off state of the switching el ement 92,

wherein said remote input/output device perfo;ms internal
fixed-cycle communication, which includes serial
communication carried out in 1 microcycle, which is the
minimum unit pf one cycle, said microcycle being divided
into three transactions so that command—responée
transmission is carried out with each transaction,

said first énd 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 deviée is provided with a pair of first
and second communication interfaces, which are each provided
with: |

a reset signal holding 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 couhterpart reset control means that receives a reset
cancel signal sent from said control station through said
bus and applies said reset cancel signal to said reset
signal holding means in_the other communication interface.

13. A distributed control system according to Claim 12,

This is the replacement sheat
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as shown at (a) in Fig. 14. The di ode bridge rectifier circuit 93
subjects the AC supply voltage to full-wave rectification and outputs a

uni pol ar vol tage signal V[err], as shown at (b) Tﬂsﬁh&}h&ﬂmm c&d gnal
i solating means 94 is driven with the rectified val o as to

output an isolated digital signal DB i nggqudi ng sh ls P, as
shown at (c) in Fig. 14, fromthe output end of t The
digital filter circuit 95 renoves the short-tine

wherein said control station is providea with a reset cancel
signal output means that watches whether or not either of
said first and second communication interfaces in said
remote input/output device enters a reset state, and
outputs, when'detecting a reset state of ohe communication
interface, a reset 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.

This is the replacement sheet
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of f-signal (short pulse signals) Pfromthe isolated digital signal DB
transmtted through the signal isolating neans 94 and outputs the resulting

signal as a digital output signal D, as shown at (d) in Fig. 14. The
digital output signal DI has delays TR and TF at the rise and fall thereof,
as illustrated. However, the de- lays T[err] and T[err] are of the order of

40% (2 x 2 x 0.1) of the period of .the AC power supply at the nmaxi mum and
can be reduced to val ues which have substé®nt-i al | y no

DISTRIBUTED CONTROL SYSTEM

ABSTRACT
A distributed control system including a control

station that:- takes charge of control operation} and a remote
input/output device that is connected to the control station
through a remote input/output bus. In a normal state,
cyclic scan transmission is carried out by using the remote
input/output bus so that input7output data handled by the
control station and input/output data on the remote
input/output device side are maintained equivalently. The
control station is provided with a continuation transmission
service meuus that first porforms transmission for urgent
output only and then performs normal cyclic scan
transmission service after the completion of the
transmlss1on for urgent output, an initialization start
transm1551on service means that first performs cyclic scan
transmission for input only, and an interruption duration

_ measuring means that measures a period of transmission

interruption duration of the remote input/output bus.

- FIGURE_ 2

This. Sheet Has Been Reﬂlaced This is the repiaésméﬂi sheet
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adverse effect in the normal operation. Fig. 15 is a block diagram
showi ng one exanple of the digital filter circuit 95 in the arrangenent
shown in Fig. 13. In Fig. 15, reference synbols FF1l; FF2 and FF3 denote
flip-flops. Agate circuit GL is supplied with the isolated digital signal
DB and the respective outputs QL and Q@-oft the flip- flops FF1 and FF2. A
switch SWM is

Fig.1

BUS

/ FC: Control Station

PO : Remote PIO

This is the repiscement sheel
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- 29 - driven by the output of the gate circuit GL so as to sel ect

Fig.2
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bither of the outputs QL and 2 of the flip-flops FF1 and FF2 and apply the
sel ected output to the flip-flop FF3. The flip-flops FFl1 and FF2 are
arranged in the formof shift registers so that either of the outputs QL

and Q2 of the flip-flops FF1 and FF2 is. selected in accordance with the .
output of the gate circuit Gl and | atched hy the flip-flop flop FF3. It

shoul d be noted that each flop-flop operates on the clock CLK Thi s
circuit realizes, as a digital filter algorithm used

Fig.3
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I solated digital signal DB has risen, the respective out- puts QL and @ of
the flip-flops FF1 and FF2 succes- sively rise in response to the rise of
the isolated digital signal DB, as shown at (c) and (d) in Fig. 16, and the
output digital signal D also rises in synchronismwth the second cl ock.
When the isolated digital signal DB tespdrarily be- cones "0" hal fway, as
shown by the arrow P, it is reflect- ed on the outputs QL and @ of the
flip-flops FF1 and
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FF2. If the interval during whic
tenporarily becones and renai ns
CLK, the isolated digital signa
beconmes "0". Therefore, the outp
| evel ), -as shown at (e) in Fig.
output @ of the flip-flop FF2,

h the isolated digital signal DB

"C'" is shorter than one period of the clock
DB becones "1" before the output @

ut of the gate circuit Gl becones "1" (high
16, so-tlat the switch SW sel ects the

and the flip-flop FF3 latches it.

Accordingly, the digital output D
Fig.6
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30 - fromthe flip-flop FF3 does not change, but naintains
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the high-level state, as shown at (f) in Fig. 16. If the isolated
digital signal DB becones and re- nains "O' for a longer tine than one

period of the clock CLK as in the case of the interval

the isolated digital signal DB has fallen, the switch SWW does not change
over, and the digital output DI fromthegflip-flop FF3 falls, as shown at
(f) in Fig. 16, when the time TF has el apsed fromthe fall of the isolated
digital signal DB (i.e., when one period of the clock CLK has

s G C— ——— W — — Ge— Gu—— Gut— — fo—
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el apsed fromthe fall of the isolated digital signal DB). By this
operation, even if the isolated digital signal DB beconmes and remains "0"
for a period of time shorter than one period of the clock CLK, the digital
output D fromthe flip-flop FF3 is nmaintained at the high |evel. In
the case of full-wave rectification ok ghe AC power supply AC, the period
of time during which the isolated digital signal DB becones and remains "0"
only for a short tinme is of the order of 2 ns in the case of 50 Hz,

Fig.10

Control Station . Remote P |1 O
Scan |m<:geI l Scan Image
| |

| Scan |

| Communication |
Al—=[0] A ] T2 |
l

[OT A ]—=[A
B|—=[1] B | [Of A |
,

, ~Ore]—[B
(1] B ] | |
c ——; | Communiccx’cio‘nI
| Error | [ B ]

| | ELc]—c
| |
5]—[E00] | |
| | |

1 | 3 D ]—=|D
(31 D] | |
El—[4][ E | |
A : - { 5] D

} NEE |
Time Axis v\ \ -
1 \

——>Processing Command

Lt Counter

oae: 2 6 OCT 9%

This is the répiacemem sheet



for exanple, which is about 1/10 of one period. There- fore,

suffice to sel ect

it will

the period of the clock CLK to be about 4 ns. Fig. 17

is a bl ock di agram showi ng another exanple of the digital filter circuit 95

i n the arrangenent

I n the exanpl e that

I's supplied with t

shown in Fig. 13. In this exanple, the flip-flop FF2
Is shown in Fig. 15ips-elimnated. The gate circuit Gl
he isolated digital signal DB and the re-

Fig.11

/FC
— — — I
/\
Signal Sending Means =
| 93 \l <> Microprocessor l
. _ N
Counter 57
54f ,
| Count Adding Means (—— |
5f ' [ Scan
> <"‘_'—>Image Memory
Transfer \50
Confirming Means
567 y l
46 f|Communication Interface
h\‘ /PO
_ _ ¢ -85 _
g0 J [Communication Interface
| Count Extracting Means '
84f K____>iMicroprocessor
Data Transfer o] \-81
l 1 Recognizing Means _ |
Scan
85 <— Image Memory N '
Signal Returning Means{— 83
86-f v

This is the repiscemant sho

2 6 0CT 1996

Dsis:



spebtive outputs of the flip-flops FF1 and FF3. The switch SW selects
either the output QL of the flip-flop FF1 or the output B of the flip-flop
FF3 in accordance with the output of the gate circuit GL and applies the

selected output to the flip-flop FF3. Fig. 18 is a timng chart show ng ,
t he operation of the circuit, which is diiown in Fig. 17, in the case of

full- wave rectification. The gate circuit GL is supplied with the

i sol ated di g- '

Fig.12
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ital signal DB, a signal <Ql> (<> represents an inverted state), which is
obt ai ned by inverting the output QL of the flip-flop FFl, and the output @
of the flip-flop FF3, and drives the switch SWL in accordance with the
result of a |logical operation executed using these input sig- nals. The

basis operation of the circuit is the-sgge-as that of the circuit shown in !

Fig. 15. Fig. 19.is a circuit diagramshow ng anot her ar-
Fig.15
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‘ . i' 5 —l,;\m
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rangenment of the gate circuit GlL enployed in the circuits shown in Figs. 15
and 17. The gate circuit GL conprises three gates so that a driving signal
GL for the switch SWM is output fromthe gate circuit G 1 according to the

foll owi ng | ogi cal

Fig.18
Fig.18
Fig.18
Fig.18
Fig.18

expressi on: . Gl=(DB-<Ql >@) +(<DB>- QL. <@>)

o o O UT A
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in the case of Fig. 15 Gl=(DB- <Ql>-D1 ) +(<DB>- QL. <D1>) in
the case of Fig. 17 By enploying the gate circuit, arranged as de-
scri bed above, a positive ("1" ) pulse shorter than the cl ock period can
al so be processed, and it is possible to
- 15 =

Fig:21 a acmeut  —\_/ \_/ \_,

. . /‘\_—m
Fig.21 b Rotiie e 7\
Fig.21 ¢ DB e riri
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renove inpul se noise and chattering of the swtch. Fig. 20 is a block

di agram showi ng one exanple of the digital filter circuit 95 that is

enpl oyed in a case where the rectifier circuit 93, shown in Fig. 13,

perfornms half-wave rectification. Wien the rectifier circuit 93 is a .
hal f-wave rectifiercircuit, the period afs tid ne during which the isolated
digital signal DB becones and remains "0" is longer than in the case of the
full -wave rectifier circuit. Accordingly, in this example, the follow ng

al gorit hm of

Fig.24
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the digital filter is realized:

- 17 -

Fig.25
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- 32 - When the isolated digital signal DB becones "1' (high |evel),
the digital signal out put D |s set to D ="1". If the isolated
~digital signal- DB renains "0" (low lev- el) longer than one period of the
AC power supply, the dlgltal signal output D is set to D = "0". In
“other cases, the digital signal output_gis not changed, i.e., D = no
change.

Fig.26
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In.this ep:j,a lf*f f"'ﬁé dr’” taP f| I t‘*&’r conprl ses a gat'é circuit:
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“CONTROL SYSTEM _ _

DI STR"

Description

BACKGROUND OF THE INVENTION

1. 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 var-
ious kinds of control operation, and a piurality of remote
input/output devices which are distributed separately
from the control station to exchange signals with sen-
sors, actuators, etc. More specifically, the present inven-
tion relates to transmission control of a data bus (remote
input/output bus) that connects the control station and
the remote lnput/output devices in the distributed control
system. :

Further, the present 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

a are supplied with electric power from power supply sys-
| tems which are independent of each other.

2; 'Descrigt_idn' of the Prior Art

A typical distributed control system is supplied with

a large number of input signals from a process as a con-
trolled system and outputs manipulated variable signals
to a large number of control elements. In order to allow
the whole controlled system to be monitored and ¢on-

. trolled comprehensively, a plurality of remote input/out:
. : /
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(c) and (d), respectively, in Fig. 21, and outputs a clock that is applied
during the period that the isolated digital signal DB is at the high |evel,
as shown at (e) in Fig. 21. The nonostable nultivibrator MFF, in which is
set a pul se wi.dth | onger than one period of the AC power sup- ply, receives
as a trigger signal a pulse signal, sugh as that shown at (e) in Fig. 21
which is output fromthe gate circuit &, and-outputs a digital signal D
such as that shown at (f) in Fig. 21

- put devices are connected to the control station in ac-
cordance with the nature of each particular task as-
signed thereto.

Between the control station and the remote input/
output devices is provided a shared memory to which
read/write access can be made from both the control
station side and the remote input/output device side,
and cyclic scan transmission is carried out for each re-
mote input/output device through a remote input/output
bus so that the contents of a data buffer used by a mi-
croprocessor in the control station and input/output data
on the remote input/output device side are maintained
equivalently.

Such cyclic scan transmission is carried out accord-
ing 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 scan 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.

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 control station executes the
above described cyclic scan transmission again.

Such a system is disclosed in US-A-4 639 888,
where timer watching is performed, to detect a transmis-
sion cutoff due to a power failure. The reaction of the
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It should be noted that since there is a likelihood in this enbodi nent that
t'he signal may be affected by noise, the isolated digital signal may be
applied through an inpul se noise elimnating circuit such as that shown in-
Fig. 109. Fig. 22 is a block diagram show ng anot her exanple of the
digital filter circuit 95 that is enplkgyed in a case where the rectifier
circuit 93 that is shown in Fig. 13 is a half-wave rectifier circuit.

- '—system upon such a transmission cuttoff is not control-
led by the time duration of the power failure, but is just

- actuated after time over detection. After the restoration
of the power an assembly performs an initial malfunction
treatment to restore the normal state.

SUMMARY OF THE INVENTION

The conventional system, arranged as described
above, suffers from the problem that when the power
supply recovers from a power failure, the normal trans-

~ mission control, which is carried out by using the remote
input/output bus, cannot be started promptly because
the microprocessor in the control station has been doing
‘various kinds of work for recovery from the power failure,
and a gregt deal of time is required for the system to
recoverits. normal process control operation.

In view of the above-described problems of the pnor
art, it is an object of the 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 fail-
ure. .

It is another object of the present invention to pro-
vide a distributed control system which is designed so
that a remote input/output 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
like, into the control station.

According to the present invention there is provided
a distributed control system as defined in claim 1. Fur-
ther favourable developments of this distributed control
system are described in the subclaims 2 to 12.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a conceptual view showing the arrange-
ment of the distributed control system according to the
present invention.

Fig. 2isa block diagram showmg 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 input/output device side.

Fig. 5 is aflowchart showmg 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 serv-
ice means, the figure mainly showing a function used to
transfer data from the remote input/output device side.

Fig. 7 is atiming chart showing an operation of scan
communication performed between a control station
and a remote input/output device.

Fig. 8 shows one example of the arrangement of a
signhal (communication frame or communication packet)
sent to a control station through a bus.

Fig. 9 is a block diagram showing a data transfer

function, which is used in the normal transmission serv-

ice means, the figure mainly showing a function used to
transfer data from the control station side to the remote
input/output device side.

Fig. 10 is a timing chart showing an operation of
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In this exanple, the digital filter conprises a counter CNTR which is
supplied at a clear termnal thereof with an isolated digital signal DB and
whi ch counts clocks CLK, and a flip-flop SRFF which is set by a signal Q
that rises when the counter CNTR has counted N clocks CLK and which is
reset when the isolated digital signal -4B beconmes "1". Al t hough in the
f oregoi ng enbodi nents the digital

scan communication that is carried out from a control
station to a remote input/output device.

Fig. 11 is a block diagram showing a data transter
function, which is used in each of the transmission serv-
ice means, the figure mainly showing a function that is
used to effect reliable data transmission between a con-
trol station and a remote input/output device with hand-
shaking executed therebetween.

Fig. 12 is a timing chart showing a scan communi-
cation operation that is performed by a data sending sta-
tion (control station) and a data receiving station (remote
input/output device) in the arrangement shown in Fig.
1.

Fig. 18 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 SIQ-
nal in a remote input/output device.

Fig. 14 is a timing chart showing one example of the
operation of the input circuit shown in Fig. 13.

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 filter circuit in the arrangement shown in
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 ar-
rangement of a gate circuit employed in the circuits
shown in Figs. 15 and 17.

Fig. 20 is a block diagram showing one example of
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filter 4 is fornmed by using hardware, the arrangenment may be such that a

m croprocessor is used to read an isolated digital signal every
predeterm ned period of time, and a programthat executes the sane

al gorithmas the operation executed by any of the digital filters shown in
Figs. 15 17, 19, 20 and 22 is installgd. Fig. 23 is a conceptual view
showi ng a voltage sig- nal input circuirt which may be enpl oyed when a
plurality of-voltage signals are input.

- adigital filter that is employed in a case where a rectifier
circuit that is shown in Fig. 13 performs half-wave rec-
tification.

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

Fig. 22 is a block diagram showing another example
of a digital filter that is employed in a case where the
rectifier circuit that is shown in Fig. 13 is a half-wave
rectifier circuit.

Fig. 23 is a conceptual view showing a voltage sig-
nal input circuit which may be employed when a plurality
of voltage signals are input.

Fig. 24 is a conceptual view showing an arrange-
ment in which a bus that connects a controi station and
a remote input/output device is doubled.

Fig. 25 is a conceptual view showing the way of
processing a communication packet that is sent to an
internal bus that connects each of input/output units and
a communication interface (assumed to be a parallel in-
terface) 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. 1 is a conceptual view showing the arrange-
ment of the distributed control system according to the
present invention. Referring to the figure, a plurality of
control stations FC take charge of control operation for
a process as a controlled system. The number of control
stations FC distributed over the control field depends on
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In this enbodi nent, a conbination of a rectifier cir- cuit 93 and a signal
iI'sol ati ng means 94 is provided to correspond to each input signal, and a
single digital filter circuit 95 is used for each input signal ina
time-division.manner. If the digital filter circuit 95 is formed by using
an LSI, for exanple, the cost can be reduced. '~ The vol tage signal input
circuit, having the above- described arrangenent, provides the follow ng
advan- .tages: (a) since it does not use |large-sized and costly

the scale of the process. A remote input/output device
PO is provided for each control station FC. The remote
input/output device PO is supplied with normalized an-
alog signals, contact signals or various digital signals
from various sensors or other similar devices disposed |
in the process field, and it sends a control output (ma-
nipulated variable signal) to a 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 in-
put/output data is performed therebetween.

An operator station OP functions as a man-machine
interface and has 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 ca-
pable 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 performing a
process control operation.

Between the control station FC and the remote in-
put/output device PO, scan communication of input/out-
put 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 on a memory incorporated
in the control station FC.

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

Referring to the figure, a control station FC, which
is in charge of c_cmtrol operation, is connected with a plu-
rality of remote input/output devices PO1, PO2, POJ...
POn through a remote input/output bus BS. The remote
input/output devices are distributed over the control field
separately from the control station FC and arranged to

N e



parts such as a transformer, a capacitor that w thstands hi gh voltage,
etc., it is possible to reduce the overall size of the circuit and al so

| ower the cost; (b) since there is no energy storage part, a high | evel of
safety is attained, and high response can be obtained; and (c) since the
same operation is also avai |l able for DXgdnput, the circuit can be used for
both AC and DC, thus providing general - purpose properties.

be supplied with input signals from various sensors in-
stalled in the field and to output control signals to actu-
ators such as valves. ,

In the control station FC, a control operation unit
(processor) 1 takes charge of control operation, for ex-
ample, PID control operation and sequence control op-
eration. 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 gain read/write access to the shared memory 3
and that input/output data which are transmitted to and
from the remote input/output devices PO1, PO2, POS...
POn through the remote input/output bus BS can be
written cyclically into the memory 3 in a cycle with which
oversampling is made with respect to the operation cy-
cle of the control operation processor 1.

A transmission control unit 4 controls transmission
performed through the remote input/output bus BS. In
the transmission control unit 4, a nomal transmission
servicé 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 bus BS in a normal control operating state. A con-
tinuation 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 service means 43 first
performs only cyclic scan transmission for fetching input

‘data. Every one of these means is realized by using a
microprocessor (not shown) provided in the transmis-
_sion control unit 4.
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An cutoff duration measuring means 44 measures
a period of transmission cutoff duration in which the
transmission via the remote input/output bus BS is in-
terrupted by e.g. a power failure. The cutoff duration
measuring means 44 comprises a timer which is backed
up with a battery so that even when the supply of power
from the power circuit 2 fails, the operation of the cutoff
duration measuring means 44 continues. A transmis-
sion service switching control part 45 performs switch-
ing control such that when the result of measurement
made by the cutoff duration measuring means 44 is

shorter than a predetermined time, it activates the con- .

tinuation transmission service means 42, whereas,

when the result of measurement by the cutoff duration -

measuring means 44 is longer than the predetermined
time, the transmission service switching control part 45
activates the initialization start transmission service
means 43. A communication interface 46 is arranged to
send output data to the remote input/output bus BS after

‘ changing it normally 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 above, 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 re-
mote input/output device side are maintained equiva-
lently. The cyclic scan transmission is carried out in a
cycle with which oversampling is made with respect to
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Fig. 24 is a conceptual view show ng an arrange- nent in which the bus BS
that connects the control sta- tion FC and the renote input/output device
PO is dou- bled. In the control station FC, comunication interfac- es 46a
and 46b are provided to correspond to two bus lines that constitute a
doubl e bus BS, and also in the renDtgl?gput/output devi ce PO, comuni cation
interfac- es 82a and 82b are provided™to correspond to the two bus lines.
Normal |y, data transmission is carried out by

the control operation cycle of the control operation pr-c')'c':'-'
essor 1. Input/output data from the remote input/output
devices PO1, POZ2, PO3...POn is written into the shared
memory-3, and the contents of the memory 3 are updat-
ed.

The control operation unit 1 reads out the input/out-
put data from the shared memory 3 in the control oper-
ation cycle and performs predetermined control opera-
tion 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 (SV) for control to
obtain a control 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 PO1, PO2, POS...POn to
control the operation of actuators linked to the remote
input/output devices PO1, PO2, PO3...POn.

The above control action realizes a control opera-
tion in which the opening of a valve, for example, is con-
trolled so as to follow up the result of the arithmetic op-

. eration performed by the control operation unit 1.

it should be noted here that the correspondence be-
tween the remote input/output devices PO1, 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 op-
eration of the system.
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alternately using the two lines of the bus BS, thereby making it possible
to discover imedi ately an abnormal- ity, if any, in either of the bus
lines or in a comrunication interface. If an abnormality occurs, a nornal
bus or nor- mal conmmunication interfaces are used to continue the data
transm ssi on. The bus BS is usually connected with a plurality. of
renot e i nput/output devices PO although only one of themis illustrated in
the figure. Accordingly, the comu-

Operation in a case where a momentary transmission
cutoff occurs:

The cutoff 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 cutoff duration is shorter than
a predetermined time, it judges that a momentary trans-
mission interruption or cutoff has occurred. In this case,
the transmission service switching control part 45 drives
the continuation transmission service means 42. The
continuation transmission service means 42 first per-
forms transmission for urgent output, and after the com-
pletion of the urgent output transmission, it shifts the
transmission mode to the normal cyclic scan transmis-
sion. 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 cutoff
OCCUrs:

When the cutoff duration measuring means 44,
which monitors the transmission condition on the re-
mote input/output bus BS, judges that the period of
transmission cutoff duration is longer than a predeter-

- mined time, the transmission ‘service switching control
part 45 activates the initialization start transmission
service means 43. The transmission service means 43

This is the roplscement sheet
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nication interface 46 in the control station FC serves as a central naster
that controls cyclic scan transm ssion that is carried out between the
control station FC and each renote input/output device PO .

Incidentally, if the control station, which serves as a central naster,
goes down, the communication frane onjphe bus BS is cut off. To cope with
such a situation, the comunication control may be effected in such a man-
ner that the occurrence of such a failure is detected at

first performs only the cyclic scan transmission for in-
putting 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
operation, the control operation unit 1 updates the out-
put data as a result of the arithmetic operation and the
shifts the transmlssmn service to the normal transmis-
sion service.

In this way, the transmission service switching con-
trol part 45 carries out switching control of the operation
performed by each transmission service means, de-
pending upon the period of transmission cutoff 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-described transmission service, depending upon
the period of transmission cutoff 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 & 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 per-
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the renote input/output device (PO side, and the right to comunicate
(token) is circul ated anong the renote input/output devices PO

Referring to Fig. 24, the renote input/output device POis provi ded therein
wi th an anal og i nput/output unit 65 that handl es an anal og signal, a

digital input/output unit 66 that handlses a digital signal, and a
comuni ca- tion input/output unit 67 that handl es conmunication with the

out si de.

formed between the control operation unit 1 and each
remote input/output device.

When the control operation unit 1 recovers from the
power failure, the operating mode shifts from the trans-
mission stop mode to this mode.

Transmission service mode:

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

The operating mode shifts from the recovery con-

firming transmission mode to this mode when recovery

response or notice of recovery is received from the re-
mote input/output device side.

When no response from the remote input/output de-
vice side is received consecutively more than a prede-
termined number of times, or when a power failure no-
tice signal is output from the remote input/output device
side, the operating mode shifts from this mode to the
recavery confirming transmission mode. |

it should be noted here that the cutoff duration
measuring means (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 o the recovery confirming transmission mode,
and stop the measurement of time at the point of time
when the recovery processing in the recovery confirm-
ing transmission mode is completed, thereby determin-
ing the time interval between the two points to be a pe-
riod of transmission cutoff duration.

With the above-described arrangement, when the
power supply recovers from a power failure, the most
appropriate transmission service means is activated,
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depending upon the period of transmission cutoff dura-
tion, so that the system can recover rapidly from the
transmission cutoff 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 remote input/output device

(PO) side. When a power failure occurs on the remote
input/output device (PO) side, the cutoff duration meas-
uring means 44 detects it via the remote input/output
bus BS (Step 1) and measures the period of cutoff du-

ration (Step 2). It should be noted here that the occur-

rence of a power failure on the remote input/output de-
vice (PO) side and the recovery from the power failure
may be detected by receiving a notice signal represent-
ative of the occurrence of a power failure and a recovery
notice signal, which are sent from the remote input/out-
put device (PO) side. It is also possible to detect the
occurrence of a power failure and the recovery there-
from from an cutoff or interruption of data transmission,

" which is carried out cyclically by using the bus BS.

When the power supply on the remote input/output
device (PO) side recovers from the failure, the cutoff du-
ration measuring means 44 detects the recovery and
suspends the measurement of the period of cutoﬁ du-'
ration (Step 3).

The transmission service switching control part 45
decides whether the power failure is momentary or not
by judging whether the cutoff duration measured by the
cutoff duration measuring means-44 is shorter or longer
than a predetermined time (Step 4). If the power failure
is judged to be a momentary power failure, the trans-
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Fig. 25 is a conceptual view show ng the way of processing a conmuni cation
packet that is sent to an internal bus FEB that connects each of the

i nput/out put units 65, 66 and 67 and the comunication interface 82
(assuned to be a parallel interface) in the renpote input/ output device PO
Cyclic scan transm ssion is also car r_il%q out be- tween each of the

i nput/output units 65, 66 and .67 . - .
putroutp Mission Service réwn?c:hlfixadcontrczl part 45 activates the

continuation transmission service means 42, so that, af-
ter 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 output data from the control station
(FC) side, the remote input/output device (PO) side
sends it to the process side. Thus, the control output is
continuously sent to the process side. Upon completion
of the continuation start operation after the momentary
power. failure, the operation shifts to the cyclic scan
transmission, which is performed by the normal trans-
mission service means 41.

In addition, notice of recovery is sent to the control
operation unit (processor) 1 (Step 6), so that the control
operation and the sending of the control output are re-
sumed.

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 until the data
is successfully transmitted, within a preset number of
times. Such a-number of times of retransmission of out-
put data and other transmission conditions are set in ad-
vance.

If it is judged at Step 4 that a long power failure oc-
curs 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).

The processing for a long power failure is realized,

for example, by executing the cyclic scan transmission
forfetching the input data (including read-back of an out-
put value to an actuator) and then updating the input
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t he conmuni cation interface 82 by using the internal bus FEB. Thi s
eyclic scan transmssion is serial communica- tion that is carried out in
the mninumunit (referred to as "m crocycle) of one cycle for fixed-cycle
communi ca- tion between each of the input/output units 65, 66 and 67 and

t he communi cation interface 82. Co igcation of 1 mcrocycle conprises 3

Lransactions. uhglorfife BhBIdMIIHEEYSIE Yk PSHSHIsoRgpbRCeP! | O
completion of the transmission for initialization star,
which is limited to fetching of the input data, the opera-
tion shifts to the normal cyclic scan transmission, which
is performed by the normal transmission 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 control 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 example, which
is provided in the control station FC. The remote input/
output 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 prespecified safe value (de-
fauilt value) is sent to the process side (actuator side)
(Step 24). |

When the no-response time is short (e.g., in a case
where the control station FC recovers from the abnormal
state immediately), data that is received from the control
station (FC) side is sent to the process side to continue
the data output operation.

With the above-described operation, when a mo-
mentary power failure occurs on the remote input/output
device side or the control station side, the control oper- -
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cle'input/output data is set to the first and second trans=—actions for
effecting cyclic scan transm ssion. The third transacti .iﬁ ed f

X . % S en lacfed
asynchronous processi ng and usual |y unused. Fi xed-c
data transm ssion, which is carried out by using the firs E "
transactions, is executed by transmttjng a conmunication
fi xed-cycl e input/output data transm sSion, which has been set to the first
and second transactions in advance,

. alion can be continued without suspending the control
function. In addition, when there is a malfunction in the
control station FC or a trouble in the input/output bus,
the output value to the process can be changedto a safe .
value without causing runaway.

Fig. 6 is a block diagram showing a data transfer
function, which is used in each of the transmission serv-
ice means 41, 42 and 43. The figure mainly shows a
data transfer function used to transfer data from the re-
mote input/output device (PO) side. :

In the remote input/output device PO, which serves
as a data sending station, input circuits 61, 62... are pro-

“vided to correspond to contact input signals, respective-
ly, so as to 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. A data change detecting means 71 de-
tects whether or not there is a change in the data which
is to be sent from the remote input/output device PO. A
counter 72 is activated to count up or down when the
data 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 pro-
vided for each input signal. A communication interface
82 performs data transmission between the remote in-
put/output device PO and the control station FC. A mi-
croprocessor 81 is connected to the communication in-
terface 82 through a bus BS. The data change detecting
means 71, the counter 72 and the count adding means
73 are each realized by software. _

In the control station FC, which serves as a data
receiving station, a communication interface 46 is con-
nected to the bus BS. The communication interface 46
receives signals (data) sent from the remote input/out-
put device PO and stores them sequentially in a scan
input image region of a memory 50 as scan inputjmag:.. ropiscement she
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by usi ng conmmand-response transni ssion accordLng—Pe—a—sehedu#fng tabl e

(i.e., atable for controlling the scan cycle ch descrl €34 for each 1/0

node a scan cycle for naking access to it), ed by the scan
cycle preset for each 1/0 node. Mor e speC|f cycle data
that is transmt- ted from each input/pgtput un ni cation in-
terface 82 is process data, for exanple, data on tenper- ature, flow rate,
pressure, etc., which are collected from

es. A count extracting means 51 extracts from scan in-
put images a counter value sent by the prasent scan
communication and a counter value sent by the preced-
ing scan communication. A data change recognizing
means 52 makes a comparison between the present -
and preceding counter values, which are extracted by
the count extracting means 51, and recognizes that

prasent scan communication and a counter value sent
in the preceding scan communication. Next, the data
change recognizing means 52 makes a comparison be-
tween the present and preceding counter values, which
are extracted by the count extracting means 51. If there
is a difference between the present and preceding coun-
ter values, the data change recognizing means 52 rec-
ognizes that there is a change in the input contact signal,
whereas, if there is no difference between the present
and preceding counter values, the dala change recog-
nizing means 52 recognizes that there is no change in

" the input contact signal. Then, the data change recog-
nizing means 52 transfers the result of the recognition
to a CPU or the like in the control station FC.

- lf 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
that have occurred since the preceding communication
cycle.

Although the description has been made by way of
an example in which an input contact signal is trans-
ferred 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 case where data that
is used to on/off control a valve, for example, is trans-
ferred from the control station FC to the remote input/
output device PO. Further, the arrangement of the com-
munication frame sent by scan communication is not
necessarily limited to that shown in Fig. 8. In addition,
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the process—+field. _Such fixed-cycle data is set to the first

This Sheet Has Been Re

[T —

although in the foregoing description the counter value
is counted up, it may be counted down. Further, it shouid
be noted that the term "counter” herein employed in-
cludes a means such as a register means in which’a
data value held therein changes in accordance with an
input signal.

By executing the above-descnbed scan communi-
cation for data transfer between the control station FC
and the remote input/output device PO, a signal change
can be transmitted reliably without omission or overiap
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 serv-
ice means 41. The figure mainly shows a data transfer
function used to 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 transferred as processing commands from
the control station FC to the remote input/output device
PO.

In the control station FC, a signal sending means
53 sends commands for processing to be executed in
the remote input/output device PO and other necessary
signals. A counter 54 is activated to count up or down
when a processing command sent from the signal send-
ing means 53 is changed to another. A count adding
‘there 1s 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 input/output device PO.

In the figure, (a) shows on/off signals which ars in-
put to the remote input/output device PO from a push--
button, for example. The dala change detecting means
71 detects whether or not there is a change in the input _
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- 36 - and second transactions and sent in this state.

I nput / out put

Simlarly, data

out put data used to control an actuator, e.g.,
d as a control elenment, and such control output

that is tr@ﬁﬁrghge;ﬁnggnQﬁng comuni cation inter- face 82 to an

a val ve, whi
data i s set

nd second trgfisactions and sent in this state.
By such cyclic scan transm ssion, p| eces of dat a

- 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 causes the
counter 72 to count up, for example, as shown at (b) in
Fig. 7. In this example, it is assumed that the initial value
of the counter 72 is *1" and the counter 72 counts up
consecutively from the initial value, for simplification. It
should be noted that the value of the counter 72 returns
to the initial value when it reaches the counter capadity.
The count adding means 73 reads the value of the coun-
ter 72 in the scan cycle T2 and adds the counter value
to a communication frame (communication packet). The
communication frame with the counter value added
thereto is transmitted to the control station FC through
the communication interface 82.

Fig. 8 shows one example of the arrangement of a

signal (communication frame or communication packet)

sent to the control station FC through the bus BS.
The communication frame comprises an address

'ADH of a remote input/output device PO, which is pro-

vided at the top, a channel number CHN of an input con-
tact 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 inter-
face 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

- corresponds to the scan communication cycle T2. If a
communication error occurs during the scan communi-

cation, as shown by X in between (b) and (c) in Fig. 7,
the control station FC does not update the scan input
image. When there are a plurality of input changes dur-
ing 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 i lmage_
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thai are exchanged between each of the input/output units 65;
the comunication interface 82 are updated and reflected g sRaef,q) neé
' | 'W? d

h i
the fixed cy- cle. Further, urgent inpu/output data trans
as asynchronous conmmuni cation by setting a conmunication pj m Il nt
out put to conmand- response transm ss_izq_rl carried out by usi '
transaction of a mcrocycle communi cation that is sent inmmediately after an

urgent output request.
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 *S" directly, as shown at the
corresponding portion in (c) of Fig. 7.

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) in Fig. 7, the
scan input image is read out in the control cycle T1 of
the control station FC. The reading of the scan input im-
age is carried out as follows: | '

The count extracting means 51 extracts from the
scan input image buffer a counter value sent in the

a compariéon between a combination of data and a
counter value, which has been sent back from the re-
mote input/output device PO, which serves as a data
receiving station, and a combination of data and a coun-
ter value, which is now being sent out, thereby checking
whether or not the data transfer has been surely effect-
ed. . :
If a match is found between the combination of data
and a counter value, which has been sent back, and the
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 in-
structs 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 found, 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 value, which are now being sent out. it should
be noted that a microprocessor 57 realizes. the signal
sending means 53, the counter 54, the count adding
means 55, and the transfer confirming means 56 by us-
ing software. o
In the remote input/output device PO, which serves
as a data receiving station, a count extracting means 84
This is the replacement sheet
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Nbré speci fi calTy, wienthe ctonmmuni cation inter- face 82 receives
P nformation ab@iﬁESﬁee{ﬁEh%RmicﬁQ shoul d be handl ed urgently fromthe

control station €, a control output that instructs a valve to
be urgently cl oﬂ llﬂ I
t he urgent outp

HHE side, the comunication in- terface 82 sets
third trans- action and sends it to the

| nput/out put unit concerned. . The third transaction is simlarly used to

transmt ur- gent information froman input/output unit to the control

extracts a countervalue from the received signal. Adata
" or command transfer recognizing means 85 recognizes
that data transfer has started when it detects a differ-
ence between a counter value received in the present
receiving operation and extracted by the count extract-
ing means 84 and a counter value received in the pre-
ceding receiving operation and similarly extracted by the
count extracting means 84. A signal returning means 86
retums, when receiving data and a counter value from
the control station FC as a data transmitting station, the
received data and counter value to the control station
FC by scan communication in a predetermined cycle.

It should be noted that a microprocessor 81 realizes
the count extracting means 84, the data transfer recog-
nizing means 85, and the signal retuming means 86 by

. using software. ' .

Fig. 12 is a timing chart showing a scan communi-
cation operation that is performed by the data sending
station (control station FC) and the data receiving sta-
tion (remote input/output device PO) in the above-de-
scribed arrangement. It is assumed that data "A" to "E”
is to be transferred from the sending station to the re-
ceiving station. |

Upon commencing transfer of data "A" at the send-
ing 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 transfer operation, 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 racep-
tion and the counter value extracted from the signal re-
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station FC through the conmunication interface 82 It should be noted
that urgent processing that is ex- ecuted by uspiGplNga.stHal eansactlon
includes ordinary interruption processing. ﬁ mihi ree

transactions in one mcrocycle for command- respo on are not
used for fixed-cycle processing, but_grhe transac ed for
asynchronous processing, for exanple, urgent output, thereby enabl i ng
urgent processing to be executed wth- -

ceived by the preceding reception, the data transfer rec-
ognizing means 85 judges that the transfer of new data
has slarted, and stores the sent data "A" into a prede-
termined region of the memory §3 so that the microproc-
essor 81 can use it. The signal returning means 86,
when receiving dala, returns the received data "A" and
the counter value "0" to the sending station by scan com-
munication in a predetermined cycle. In this operation,
the same data and the same counter value are repeat-
edly sent for each scan communication cycle until the
control process shifts to the next step.

At the data sending station FC, the transfer confirm-
ing means 56 receives the data "A* and the counter val-
ue "0", which are sent back from the data receiving sta-
tion 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 it sends the new data "B" and the counter
value "1" to the receiving station.

If the received data and counter vaiue do not match
the data and counter value, which are now being sent
out due to a communication failure, e.g., loss of a com-
munication frame, the transfer confirming means 56 in-
structs the signal sending means 53 to continue the
sending of the data "A" and the.counter value "0%, which
are now being sent out. In this way, the sending and re-
ceiving stations perform reliable transter of data A",
"B"... while executing handshaking.

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

By carrying the above-described scan communica-
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out inpairing the collection of ordinary process data and the control
out put transmi SSion processing despite se-

This Sheet Has Been e{ilaced

tion, various kinds of data can be surely transferred to
the remote station mdependently of communication er-
rors.

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

In the figure, reference numeral 91 denotes a AC
power supply. A switching element 92, for example, a
relay contact, outputs a status signal in accordance with

- the controlled condition of the process. It should be not-
ed that in a case where the AC power supply 91 itself
shows an on/off state in accordance with the controlled
condition of the process, the switching element 92 is
eliminated. A diode bridge rectifier circuit 93 rectifies an
input AC voltage signal that is applied via the switching
element 92 and outputs a unipolar voitage signal V .

-2 -

which is not smoothed. A signal isolating means 94 is
supplied with the unipolar voltage signal V,ec through a -
resistance R1 and driven by this voltage signal. In this
exampls, a photocoupler is employed as the signal i iso-
lating means 94.

Reference symbol RC denotes a load resistance for
the signal isolating means (photocoupler) 94. A butter
BUF receives the signal that is transmitted through the
photocoupler 94. A digital filter circuit 95 is supplied with
the output of the buffer BUF, that is, the isolated digital -
signal DB that is transmitted through the signal isolating
means 94. The digital filter circuit 95 is arranged to re-
move short-time off-signals from the signal 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 as-
sumed that an AC voltage signal V,, is output in accord-
ance with the on/off state of the switching element 92,

as shown at (a) in Fig. 14. , _
This is the replacement sheet
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- 37 - rial communication. Fig. 26 is a bIock‘dragraﬁfﬁ%—aﬂ————__

arrangenent where- by a reset state in the renote i t deV| ce PO
can be canceled fromthe control station FC w thout 61” di ng
a special control signal |ine between the control st e renot e

| nput / out put de-

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 means 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, 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 at (d) in Fig. 14.

The digital output signal DI has delays Tgand Tgat
the rise and fall thereof, as illustrated. However, the de-
lays Tg and Tg 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 arrangement shown in
Fig. 13. In Fig. 15, reference symbols FF1, FF2 and FF3
denote flip-flops. A gate circuit G1 is supplied with the
isolated digital signal DB and the respective outputs Q1
and Q2 of the flip-flops FF1 and FF2. A switch SW1 is
driven by the output of the gate circuit G1 so as to select
either of the outputs Q1 and Q2 of the flip-flops FF1 and
FF2 and apply the selected output to the flip-flop FF3.

The flip-flops FF1 and FF2 are arranged in the form
of shift registers so that either of the outputs Q1 and Q2
of the flip-flops FF1 and FF2 is selected in accordance
with the output of the gate circuit G1 and latched by the
flip-flop flop FF3. It should be noted that each flop-flop
operates on the clock CLK.

This circuit realizes, as a digital fxlter algorithm used
in the case of full-wave rectification, an operation where-
in if the isolated digital signal DB continues longer than .
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vice PO In this arrangenent, the control station FC and the renote

I 'nput / out pmmnnect ed through a pair of bus |ines

constituting. | lald8, and the renote input/output device PO is
provi ded w AHPHR st and second conmuni cation interfaces 82a and
82b. I n E \mm\;“ﬂqm st and sec_cggi_ comruni cation in- terfaces 82a and
82b, a reset 1"0i nmeans 11 outputs and holds an internal reset
si gnal upon receivVving -

a specified time (e.g., 1 clock period), the output digital
signal DI = DB; in other cases, DI = no change.
Fig. 16 is a timing chart showing the operation of

the circuit shown in Fig. 15.

in the figure, (2) 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 immediatesly after the
isolated digital signal DB has risen, the raspective out-
puts Q1 and Q2 of the flip-flops FF1 and FF2 succes-
sively rise in response to the rise of the isolated digital
signal DB, as shown at (c) and (d) in Fig. 16, and the
output digital signal DI also rises in synchronism with
the second clock.

When the isolated digital signal DB temporarily be-
comes 0" halfway, as shown by the arrow P, it is reflect-
ed on the outputs Q1 and Q2 of the flip-flops FF1 and
FF2. If the interval during which the isolated digital signal
DB temporarily becomes and remains "0" is shorter than
one pericd of the clock CLK, the isolated -digital signal
DB becomes "1" before the output Q2 becomes "0*.
Therefore, the output of the gate circuit G1 becomes *1"
(high level), as shown at (e) in Fig. 16, so that the switch
SW1 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 change, but maintains
the high-level state, as shown at (f) in Fig. 16.

If the isolated digital signal DB becomes and re-
mains "0" for a longer time than one period of the clock
CLK as in the case of the interval TF immediately after
the isolated digital signal DB has fallen, the switch SW1
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).
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an abnormality detecting signal that is generated when an abnormality
gccurs in the renote i nput/output device PO In this exanple, the reset
signal holding means 11 is formed by using a flip-flop (F/F). A counterpart
reset control .nmeans 12 receives a reset cancel signal that is sent fromthe
control station FC through the bus BS, .pnd applies the reset cancel signal
to the reset signal hol ding means 11 |n the ot her comuni cation interface.
In this exanple, the counterpart reset control means 12 is

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. There-
fore, it will suffice to select the period of the c!ock CLK
to be about 4 ms.

Fig. 17 isa 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 G1 is
supplied with the isolated digital signal DB and the re-

. spective outputs of the flip-flops FF1 and FF3. The
switch SW1 selects either the output Q1 of the flip-flop
FF1 or the output Q3 of the flip-flop FF3 in accordance
with the output of the gate circuit G1 and applies the
selected 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 gate circuit G1 is supplied with the isolated dig-

ital signal DB, a signal <Q1> (<> represents an inverted
state), which is obtained by inverting the output Q1 of
the flip-flop FF1, and the output Q3 of the flip-flop FF3,
and drives the switch SW1 in accordance with the resuit
of a logical operation executed using these input sig-
nals. 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 ar-
rangement of the gate circuit G1 employed in the circuits
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formed by using a nonostable multivibrator (MONO MULT), for exanple. In
the control station FC, a reset cancel signal out- put neans 13 that

wat ches whether either of the first and second comruni cation interfaces 82a
and 82b in the renote input/output device PO enters a reset state, and
outputs, when detecting a reset state,gf one com mnunication interface. a
reset cancel signal to the other communication interface, which is not in a
reset state.

shown in Figs. 15and 17. The gate circuit G1 comprises
three gates so that a driving signal G1 for the switch
SW1 is output from the gatae circuit G1 according to the
following logical expression:

G1=(DB-<Q1>-Q2)+(<DB>-Q1-<Q2>)

in the case of Fig. 15
G1=(DB-<Q1>-D1)+{<DB>-Q1-<D1>)

in the case of Fig. 17

By employing the gate circuit, arranged as de-
scribed above, a positive ("1°) pulse shorter than 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 83, shown in Fig. 13, performs
haif-wave rectification. When the rectifier circuit 93 is a
half-wave rectifier circuit, the period of time during which
the isolated digital signal 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 Dl is setto DI = "1~

if the isolated digital signal DB remains "0" (low lev-
el) longer than one period of the AC power supply, the
digital signal output Dl is set to DI'= "0".

In other cases, the digital signal output DI is not
changed, 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 output signal from the gate circuit G2
is applied.
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Wth this arrangenment, a reset state in the renote
-29-

Fig. 23 is a conceptual view showing a voltage sig-
nal input circuit which may be employed when a plurality
of voltage signals are input. _ '

In this embodiment, a combination of a rectifier cir-
cuit 93 and a signal isolating means 94 is provided to
correspond 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 LS, for example, the cost can be reduced.

The voltage signal input circuit, having the above-
described arrangement, provides the following advan-
tages: (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 input, the circuit
can be used for both AC and DC, thus providing general-
purpose properties.

Fig. 24 is a conceptual view showing an arrange-
ment in which the bus BS that connects the control sta-
tion FC and the remote input/output device PO is dou-
bled. In the control station FC, communication interfac-
es 46a and 46b are provided to correspond to two bus
lines that constitute a double bus BS, and also in the
remote input/output device PO, communication interfac-
es 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 discoverimmediately an abnormal-
ity, if any, in either of the bus lines or in a communication
interface. If an abnormality occurs, a normal bus or nor-
mal communication interfaces are used to continue the
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- 38 - input/output device PO can be canceled fromthe control station FC
wi t hout themeedforproviding a special con- trol signal line. In the

arrangenent %nlgmzﬁhsg&gk;ﬁﬁrdt he first and second conmuni cation interfaces

82a and 82b h rangenent. In the figure, an external bus
inter- face 1%1“““ |Ime to the bus,BS, and an 10 interface

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

The gate circuit G2 is supplied with an isolated dig-
ital signal DB and a clock CLK such as those shown at
(c) and (d), respectively, in Fig. 21, and outputs a clock
that is applied during the period that the isolated digital
signal DB is at the high level, as shown at (e) in Fig. 21.
The monostable multivibrator MFF, in which is set a
puise width longer than one period of the AC powér sup-
ply, 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 D! 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 eliminating circuit such as that shown
in Fig. 19. _ : :

Fig. 22 is a block diagram showing another example
of the digital filter circuit 95 that is employed in a czse
where the rectifier circuit 93 that is shown in Fig. 1C is
a half-wave rectifier circuit. _

In this example, the digital filter comprises a counter
CNTR which is supplied at a clear terminal thereof with
an isclated digital signal DB and which counts clocks
CLK, and a flip-flop SRFF which is set by a signal 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 microprocessor is used to read an
isolated digital signal every predetermined pericd 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.
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16 is connected to an I/O unit through an internal bus FEB. Further, a
communi cation control processor 15 is provided in between the external bus
interface 14 and the 10 interface 16. The nmonostabl e nultivibrator 12,
whi ch constitutes a counterpart reset control neans, is arranged to re-
ceive a signal output fromthe comunigation control processor 15 and reset
the contents of the reset signal holdi'ng neans (flip-flop) 11 in the other
conmuni cati on '

data transmission.

The bus BS is usually connected with a plurality of
remote input/output devices PO, although only one of
them is illustrated in the figure. Accordingly, the commu-
nication interface 46 in the control station FC serves as
a central master that controls cyclic scan transmission
that is carried out between 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 communication frame on
the bus BS is cut off. To cope with such a situation, the
communication control may be effected in such a man-

" ner 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 with an analog input/output unit
65 that handles an analog signal, a digital input/output
unit 66 that handles a digital signal, and a communica-
tion 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
(assumed to be a parallel interface) in the remote input/
output device PO.

Cyclic scan transmission is_also carried out be-
tween 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 communica-
tion that is carried out in the minimum unit (referred to
as "microcycle) of one cycle for fixed-cycle communica-
tion between each of the input/output units 65, 66 and
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I nterface. The reset signal holding neans (flip-flop) 11 is sup- plied
dat a set termnal S thereof with a time-up signal fromawatch dog tiner
WDT and other abnornality de- tecting signal through an OR circuit and al so

supplied at a reset ternminal Rwth a signal fromthe nono&i Has Been Replaced. -
mul tivibrator 12 in the other corrrruni_csazu' on interface. The ﬂw mu ’a

flip-flop 11 is applied as an internal reset signal to the
interface 14, the com :

37 and the communication interface 82. Communication
of 1 microcycle comprises 3 transactions, which are
minimum units for transmission and reception. Fixed-cy- '
cle input/output data is set to the first and second trans- -
actions 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 the first and second transactions,
is executed by transmitting a communication packet for
fixed-cycle input/output data transmission, which has
been setto the first and second transactions in advance,
by using command-response transmission according to
a scheduling table (i.e., a table for controlling the scan
cycle, which describes for each /O node a scan cycle
for making access to it), which is determined by the scan
cycle preset for each /0 node.

More specifically, fixed-cycle data that is transmit-
ted from each input/output unit to the communication in-

-terface 82 is process data, for example, data on temper-
ature, flow rate, pressure, etc., which are collected from
the process field. Such fixed-cycle data is set to the first

ana second transactions and sent in this stata. Similarly,
data that is transmitted from the communication inter-
face 82 to an input/output unit is control output 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 cyclic 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 cy-
cle. Further, urgent input/output data transmission is
handled as asynchronous communication by setting a
communication packet for urgent output to command-
response transmission carried out by using the third
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muni cati on control processor 15 and the 10 interface 16. In one
communi cation interface (e.g., 82a), the watch dog tiner WDT and an
abnornmality detecting nmeans (not shown) are watching whether or not the in-
ternal operation is in a norpal state. If an abnormality occurs, for
exanple, the watch dog tinmer WDT rea a time-up state and outputs a
time-up signal, or the ab- ,normality detecting neans detects the
abnormality and outputs an abnornality detecting signal. The tine-up

transaction of a microcycle communication that is sent
immediately after an urgent output request.

More specifically, when the communication inter-
face 82 receives information about a matter which °
should be handied urgently from the control station FC,
for example, a control output that instructs a valve to be
urgently closed to the safe side, the communication in-
terface 82 sets the urgent output data to the third trans-
action and sends it to the input/output unit concerned.

The third transaction is similarly used to transmit ur-
gent information from an input/output unit to the control
station FC through the communication interface 82.

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

Thus, all the three transactions in one microcycle
for command-response transmission are not used for
fixed-cycle processing, but one transaction is allotted for
asynchronous processing, for example, urgent output,
thereby enabling urgent processing to be executed with-
out impairing the collection of ordinary process data and
the control output transmission processing despite se-
rial communication.

Fig. 26 is'a block diagram of an arrangement where-
by 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 between
the control station FC and the remote input/output de-
vice PO. In 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 interfaces 82a
and 82b.

In each of the first and second communication in-
terfaces 82a and 82b, a reset signal holding means 11
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signal or the abnornality detecting signal is applied to

-34-

outputs and holds an internal reset signal upon receiving
an abnormality detecting signal that is generated when
an abnormality occurs in the remote input/output device
PO. In this example, the reset signal holding means 11
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. in this
example, the counterpart reset control means 12 is
formed by using a monostable mumwbrator (MONO
MULT), for example.

In the control station FC, a reset cancel signal out-
put means 13 that watches whether either of the first
and second communication interfaces 82a and 82b in
the remote input/output device PO enters a reset state,
and outputs, when detecting a reset state of one com-
munication 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 con-
trol signal line.

In the arrangement shown in Fig. 26, the first and
second communication interfaces 82a and 82b have the
same arrangement. In the figure, an external bus inter-
face 14 is connected to the bus BS, and an 10 interface
16 is connected to an /O unit through an internal bus
FEB. Further, a communication control processor 15 is
provided in between the external bus interface 14 and
the |O interface 16.

The monostable multivibrator 12, which constitutes
a counterpart reset control means, is arranged to re-
ceive a signal output from the communication control
processor 15 and reset the contents of the reset signal
holding means (flip-flop) 11 in the other communication
inteface. — ———— |
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- 39 - the set termnal S of the flip-flop 11 through the OR cir- cuit, so
that the flip-flop 11 is set. Thus, the internal reset signal becones
active, so thatthe external bus interface 14, the comuni cation control
processor 15 and the 10 interface 16 are reset. Incidentally, the watch dog
timer WDT reaches a tinme-up state not_z y when the com nunication control
processor 15 itself has an operation

The reset signal holding means (flip-flop) 11 is sup-
plied at a set terminal S thereof with a time-up signal
from a watch dog timer WDT and cther abnormality de-
tecting signal through an OR circuit and also supplied
at a reset terminal R with a signal from the monostable
multivibrator 12 in the other communication interface.
The Q output of the flip-flop 11 is applied as an internal
reset signal to the external bus interface 14, the com-
munication control processor 15 and the |O interface 16.

in one communication interface (e.g., 82a), the
watch dog timer WDT and an abnormality detecting
means (not shown) are watching whether or not the in-
ternal 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 time-up signal, or the ab-
normality detecting means detects the abnormality and
outputs an abnormality 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 cir-
cuit, sothat the flip-flop 11 is set. Thus, the intemal reset
signal becomes active, so that the external bus interface
14, the communication control processor 15 and the {O
interface 16 are reset. Incidentally, the watch dog timer
WDT reaches a time-up state not only when the com-
munication control processor 15 itself has an operation
failure but also when transient noise is- generated.

The control station FC, which is connected to the
remote input/output device PO through the bus BS, usu-
ally executes data transmission by scan communication
by using either of the two bus lines constituting the dou-
ble bus BS or by aiternately using the two bus lines.
When a communication interface (e.g., 82a) that is con-
nected to the bus line being used presently in the control
station FC enters a reset state such as that described
above, no response is obtained front the communication
interfaWrdingly. the control station
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fallure but al so when transient noise is generated. The control station
FC, which is connected to the renote input/output device PO through the bus
BS, usu- ally executes data transmi ssion by scan conmuni cation by using
either of the two bus lines constituting the dou- ble bus BS or by
alternately using the two bus lines._Ngen a comunication interface (e.g.,
82a) that is con- nected to the bus Iine being used presently in the
control station FC enters a reset state such as that described

FC recaognizes 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 is obtained. Then, the control station
FC uses the bus line that is connected to the other com-
munication interface 82b, thereby contmuung the data
transmission.

At this time, the control station FC effects reset can-
cel communication for canceling 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 for canceling the reset

- state is carried out by the reset cancel signal output
means 13 in the control station FC, using the one of the
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 communication interface 82b applies
a reset signal to the reset terminal R of the flip-flop that
constitutes the reset signal holding means 11 in 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 commu-
nication processor 15 and the |0 interface 16, is made
inactive. Thus, the reset state of these elements is can-
_celed. In this way, the reset state of the communication
interface 82a is canceled.

The command communication for canceling the re-
set state is carried out a plurality of times (e.g., 3 times)
on the assumption that transient noise is generated fre-
quently, for example. When the reset state cannot be
canceled even if the reset cancel communication is car-
ried out a predetermined number of times, the commu-
nication interface 82a judges that the cause of the reset
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abeve, no response is obtained fromthe comunication interface 82a any

| onger. Accordingly, the control station FC recognizes that the

conmmruni cation interface 82a, which has been used so far, has entered a
reset state, or the conmmuni cation function has stopped, by the fact that no
response is obtained. Then, the controlagLation FC uses the bus |ine that
I's connected to the other com nunication interface 82b, thereby continuing

the data transm ssi on.

state is not transient noise (that is, some abnormality
still remains). Thereafter, the communication interface
82a suspends the communication for canceling the re-
set state, and executes necessary processing, for ex-
ample, display of a message that the communication in-
terface 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 can-
celed by using one of the two bus lines, which constitute
adouble bus. Thus, the reset state can be canceled from
the control station FC. |

_—
- This Sheet Has Be

LTI

This is the replacement sheet

= 7 JuN 199

Date:



At this time, the control station FC effects reset can- cel conmunication
for canceling the reset state on the assunption that the comunication
i nterface 82a has been brought into the reset state due to the generation

of transient noise. Command communi cation for cancerl—mg—t—he—ﬁeset—et—at—e
is carried out by the reset cancel sigfal output nmeans. 1 SONE! i
station FC, using the one of the two bus lines, constitu Imii "" Bus

BS, which is

Claims

1. Adistributed control system including a control sta-
tion (FC) that takes charge of control operation, at
least one remote input/output device (P01, P02,
P03, POn) that is connected to said control station
through a remote input/output bus (BS), wherein cy-
clic scan transmission is performed 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 during the
data transmission carried out by using the remote
input/output bus in a normal control operation state,
and means (45) for timebased malfunction treat-
ment,

characterized by further comprising:
continuation transmission service means (42)
-which first performs transmission through re-
mote input/out bus (BS) for urgent output from
the control station (FC) to only the remote input/
output side and then performs nomal cyclic
scan transmission service after the completion
of the transmission for urgent output,
initialization start transmission service means
(43) which first performs cyclic scan transmis-
sion for input only from the remote input/output
device (PO) to the control station (FC) and,
cutoff duration measuring means (44) which -
measures a period of transmission cutoff dura-
tion of said remote input/output bus, wherein:
said malfunction treatment means (45) effect
control such that when the result of measure-
ment made by said cutoff duration measuring
means (44) is shorter than a predetermined
time, said continuation transmission service
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connected to the second conmmuni cation interface 82b.
-

heet Has Been: Refllaced
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means (42) is activated, whereas, when the re-
sult of measurement by said cutoff duration
measuring means (44) is longer than said pre-
determined time, said initialization start trans-
mission service means (43) is activated,

said control station (FC) comprises an output
data holding means that holds the latest output
data sent to said at least one remote input/out-
put device (P01, P02, PO3, POn), and

said at least one remote input/output device
(PO1, P02, P03, POn) comprises 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 de-
livered from said control station.

2. A distributed control system according to claim 1,
wherein said at least one remote input/output de-
vice (P01, P02, P03, POn) includes:

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

a default value output means that outputs a sig-
nal 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/out-
put device and said control station.

3. A distributed control system' according to claim 1,
whereln each of said transmission service means

(42, 43) uses a data transmitting function including:
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- 40 - Wien a reset state cancel signal is applied to the second
~conmmuni cation interface 82b, the reset control neans 12 in the second

comuni cation interface 82b applies a reset signal to theThis$bhestH
of the flip-flop that constitutes the reset signal holdlng he
first conmmunication interface 82a. Cbng@guently, t he fI|p-

reset, so that the reset signal, which Is output

a data change detecting means (71) that de-
tects whether or not there is a change in data
which is to be sent;

a counter (72) that is activated to count up or
down when said data change detecting means
(71) detects a change in data which is to be
sent; and '

a count adding means (73) that adds a value of
said counter (72) to a signal which is to be sent.

4. A distributed control system according to claim 1,
. wherein each of said transmission service means
(42, 43) uses a data receiving function havingadata
' change recognizing means (52) that recognizes a
change in data by detecting a difference between a
counter value included in a signal received in the
present reception and a counter value included ina
signal received in the preceding reception.

8. Adistributed control system according to claim 1,

. wherein each of said transmission service means
(42, 43) uses adata receiving function havingadata "~
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 cycle.

6. A distributed control system according to claim 1,
wherein said control station (FC) is provided with:

a signal sending means (53) that sends a com-
mand for processing to be executed at said re-
mote input/output device,
a counter (54) that is activated to count up or
down when a processing command is changed
to another; and _ :
S — This is the replacement sheet
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therefromto the external

canceling the re- set state is carrigeg,out a plural
times) on the assunption that tranS|en%

bus interface 14, the -ecomu—niecati-on—precessor

15 and the 10 interface 16, is nmade inactive. Thus, the_reset _state of
these elenments is can- celed. In‘this way, the re; S ed
conmmuni cation interface 82a is cancel ed. The c H ation for

for exanple. Wien the reset state cannot be

mote input/output device (PO) by detecting a
difference between a counter value included in

e.g., 3
noi se is generated fre- quently,

a signal received in the present reception and |
a counter value included in a signal received in

the preceding reception; and

a signal returning means (86) that returns re-
ceived data and counter value to said control
station (FC) by scan communication in a pre-
determined cycle.

8. A distributed control system accerding to claim 1,
wherein said at least one remote input/output de-
vice (PO) includes:

a rectifier circuit (93) that rect:f' ies an input voit-
age signal;.

a signal isolating means (94) that transmits a |

rectified output from said rectifier circuit (93) af-
ter electrically isolating it; and
a digital filter circuit (95) that removes a short-

time off-signal from an output signal that is -
transmitted thereto through said signal isolat-
ing means (94), thereby obtaining an isolated

digital output signal.

9. A distributed control system according to claim1,
wherein said at least one remote input/output de-
vice (PO) performs internal fixed-cycle communica-
tion, 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 transmis-
sion is carried out with each transaction, said first
and second transactions being allotted for fixed-cy-
cle input/output processing, and said third transac-
tion being allotted for asynchronous processing.

A
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cancel ed even if the reset cancel connunication_is car - ri ed out a .
predet ermi ned nunber of tines, the comu- nicati-on—interface 82a judges

that the cause of the reset state is not transien pil %aghggh & i sone
abnormality still remains). Thereafter, the connukﬂs ey ce 82a
suspends the conmmuni cation for canceldgyg- the re- s H xecut es

necessary processing, for ex- anple, display of a e
comuni cation in- terface 82a has sone abnormality.

10. A distributed control system according to claim 1,
wherein said control station (FC) and said at least
one remote input/output device (PO) are each :
formed in a double structure, and said remote input/
output device (PO) is provided with a pair of first
and second communication interfaces (82a, 82b),
which are each provided with:

a reset signal holding means (11) that outputs
and holds an intemal reset signal upon receiv-
ing an abnorma!ity detecting signal that is gen- - -
erated when an abnomality occurs in said re- ~
mote input/output device (PO); and

a counterpart reset control means (12) that re-'
ceives a reset cancel signal sent from said con-
trol station (FC) through said bus and applies
said reset cancel signal to said reset signal
holding means (11) in the other communication
interface. : '

11. A distributed control system according to claim 1,
~ wherein said control station (FC) is provided with a
reset cancel signal output means (13) that watches-
whether or not either of said first and second com-
munication interfaces (82a, 82b) in said at least one:
‘remote input/output device (PO) enters 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.

12. A distributed control system according to claim 11,
wherein said reset cancel signal output means (13)
executes communication for cancellation of a reset
state a predetermined number of times.
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Wth the, above-deseri bed arrangenent, the reset staté/’@f‘ BHET GEEERS t Wos
conmuni cation interfaces, which constitute a doubl-e:commnireatd dn o
interface, is can- celed by using one of the twm/bus lihnes okl e o e
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DISTRIBUTED CONTROL SYSTEH

- Description

B8ACKGROUND OF THE INVENTION

i. 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 var-
wous kinds of control operation, and a plurality of remote
input/output devices which are distributed separately
from the control station to exchange signals with sen-
sors, actuators, etc. More specifically, the present inven-
tion relates to transmission control of a data bus (remote
input/output bus) that connects the control station and
the remote inp ut/output devices in the distributed control
system. : |

Further, the present 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 sys-
tems 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 con-
trolled system and outputs manipulated variable signals
10 a large number of control elements. In order to allow

the whole controlled system to be monitored and con-
trolled comprehensively, a plurality of remote input/out-
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- 41 -  dains

.

put devices are connected to the control station in ac-
cordance with the nature of each particular task as-
signed thereto.

Between the control station and the remote input/
output devices is provided a shared memory to which
read/write access can be made from both the control
station side and the remote input/output device side,
and cyclic scan transmission is carried out for each re-
mote input/output device through a remote input/output
bus so that the contents of a data buffer used by a mi-
croprocessor in the control station and input/output data
on the remote lnput/output device side are maintained
equivalently.

Such cyclic scan transmission is carried out accord-
ing 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 scan 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.

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 control station executes the
above described cyclic scan transmission again.

Such a system is disclosed in US-A-4 639 889, -
where timer watching is performed, to detect a transmis-
sion cutoff due to a power failure. The reaction of the
system upon such a transmission cuttoff is not control-
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1. Adistributed control systemincluding a control sta- tion (FC) that
takes charge of control operation, at | east one renpte i nputout put

devi ce (P01, POZ2, P03, POn) that i's connected to said control station
t hrough a renote input/output bus (BS), wherein cy- clic scan

transm ssion is performed so that input/ out put data handl ed by the
control operation unit (1) ~ and_igpyt/output data on the renote

i nput / out put - :

led by the time duration of the power failure, but is just
actuated after time. over detection. After the restoration
of the power an assembly performs an initial malfunction
treatment to restore the normal state.

SUMMARY OF THE INVENTION

The conventional system, arranged as described
above, suffers from the problem that when the power
supply recovers from a power failure, the normal trans-
mission control, which is carried out by using the remote
input/output bus, cannot be started promptly because
the microprocessor in the control station 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 control operation.

In view of the above-described problems of the prior
art, it is an object of the 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 faii-
‘ure. - _

it is another object of the present invention to pro-
vide a distributed control system which is designed so
that a remote input/output 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
like, into the control station. _

According to the present invention there is provided
a distributed control system as defined in claim 1. Fur-
ther favourable developments of this distributed control
system are described in the subclaims 2 to 12.
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device side are maintai ned equivalently during the data transm ssion
carried out by using the renote I nput/out put bus in a normal control
operation state, and neans (45) for timebased mal function treat-

ment , characterized by further conprising: continuation

transm ssion service neans (42) which first perfornms transm ssion
t hrough re- -4 -

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a conceptual view showing the arrange-
ment of the distributed control system according to the
present invention.

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

Fig. 3 illustrates basic operatmg modes prepared
for each of normal, continuation and initialization start
transmission service means. -

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

* Fig. 5 is a flowchart showing an operation that takes

place when a power farlure occurs on the control station
side.

Fig. 6 is a block diagram showing a data transfer
function, which is used in edch of the transmission serv-
ice means, the figure mainly showing a function used to
transfer data from the remote 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 example of the arrangement of a
signal (communication frame or communication packet)
sent to a control station through a bus.

Fig. 9 is a block diagram showing a data transfer
function, which is used in the normal transmission serv-
ice means, the figure mainly showing a function used to
transfer data from the control station side to the remote
input/output device side.

Fig. 10 is a timing chart showing an operation of
scan communication that is carried out from a control
station to a remote input/output device.
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note input/out bus (BS) for urgent output from the control

(FC to only the renote input/
scan transm ssion service after the conpletion
initialization start transm ssion

cyclic .

transm ssion for urgent output,

servi ce neans

sion for input only fromthe renote i-ngut/ out put

station

out put side and then perforns nornal

of the

(43) which first perfornms cyclic scan transm s-

control station (FC) and,

Fig. 11 is a block diagram showing a data transfer
function, which is used in each of the transmission serv-
ice means, the figure mainly showing a function that is .
used to effect reliable data transmission between a con-
trol station and a remote input/output device with hand-
shaking executed therebetween. |

Fig. 12 is a timing chart showing a scan communi-
cation operation that is performed by a data sending sta-
tion (control station) and a data receiving station (remote

~ input/output devnce) in the arrangement shown in Fig.

11.

Fig. 13is 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 sig-

nal in a remote input/output device.

_Fig. 14 is a timing chart showing one example of the
operation of the input circuit shown in Fig. 13.
Fig. 15 is a block diagram showing one exampie of

. adigitalfilter circuit in the arrangement shownin 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 filter circuit in the arrangement shown in
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 ar-
rangement of a gate circuit employed in the circuits
shown in Figs. 15 and 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 Fig. 13 performs half-wave rec-
tification.

device (PO to the
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cutof f duration neasuring neans (44) which measures a period of
transm ssion cutoff dura- tion of said renote input/output bus, .
wher ei n: said nmal function treatnent neans (45) effect cont rol
such that when the result of neasure- ment made by said cutoff
duration measuring means (44) is shorter than a predetermn ned

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

Fig. 22 is a block diagram showing another example
of a digital filter that is employed in a case where the

rectifier circuit that is shown in Fig. 13 is a half-wave
rectifier circuit. .

Fig. 23 is a conceptual view showing a voltage sig-
nal input circuit which may be employed when a plurality
of voltage signals are input.

Fig. 24 is a conceptual view showing an arrange-
ment 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 communication packet that is sent to an
internal bus that connects each of input/output units and
a.communication interface (assumed to be a parallel in-
terface) 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. 1 is a conceptual view showing the arrange-
ment of the distributed control system according to the
present invention. Referring to the figure, a plurality of
control stations FC take charge of control operation for
aprocess as a controlled system. The number of control
stations FC distributed over the control field depends on
the scale of the process. A remote input/output device
PO is provided for each control station FC. The remote
input/output device PO is supplied with normalized an-
alog signals, contact signals or various digital signals

This.is the ’WMmem sheet
Dais: 4 O Jhnt 1998



tinme, said continuation transm ssion service

from various sensors or other similar devices disposed
in the process field, and it sends a control output (ma-
nipulated variable signal) to a 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 in-
put/output data is performed therebetween.

An operator station OP functions as a man-machine
interface and has 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 ca-
pable 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 performing a
process control operation.

Between the control station FC and the remote in-
put/output device PO, scan communication of inputcui-
put 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 on 2a memory incorporated
in the control station FC.

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

Referring to the figure, a control station FC, which
is in charge of control operation, is connected with a piu-
rality of remote input/output devices PO1, PO2, POS...
POn through a remote input/output bus BS. The remote
input/output devices are distributed over the control field

separately from the control station FC and arranged to
be supplied with input signals from various sensors in-

stalled in the field and to output control signals to actu-
ators such as valves.
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means (42) is activated, whereas, when the re-
by said cutoff duration nmeasuri ng neans (

sult of neasurenent
44) is longer than said

pre- determned tinme, said initialization start trans-

m ssion service neans (43) is activated,

said control station (FC

conprises an out put data hol di ng neans that holds the | atest output

data sent to said at |east one renptg input/out-

put device (P01,

P02, P03, POn),

and

in the control station FC, a control operation unit
processor) 1 takes charge of control operation, for ex-

ample, PID control operation and sequence control op-
eration. A power circuit 2 supplies electric power to each
part of the control station FC. A non-volatilte shared
memory 3 is arranged so that the control operation unit
1 can gain read/write access to the shared memory 3
and that input/output data which are transmitted to and
from the remote input/output devices PO1, PO2, PO3....
POn through the remote input/output bus BS can be
written cyclically into the memory 3 in a cycle with which
oversampling is made with respect to the operation cy-
cle of the control operation processor 1.

A transmission control unit 4 controls transmission
performed through the remote input/output bus BS. In
the transmission control unit 4, a nomal 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 bus BS in a normal control operating state. A con-
tinuation 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
wnitialization start transmission service means 43 first
performs only cyclic scan transmission for fetching input
data. Every one of these means is realized by using a
microprocessor (not shown) provided in the transmis-
sion controi unit 4. | |

An cutoff duration measuring means 44 measures
a period of transmission cutoff duration in which the
transmission via the remote input/output bus BS is in-
terrupted by e.g. a power failure. The cutoff duration

~ measuring means 44 comprises a timer which is backed
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said at | east one renote input/output device - (PO1, PO2, P03, POn)

conpri ses a no-response detecting neans that detects whether or not
there is data transm ssion through said renote : i nput / out put bus, or
detects a tine-up signal de- - livered fromsaid control station. 2.
A distributed control system according to claima1, wherein said at

| east one renpte input/output de- _ '9
up with a battery so that even when the supply of power
4rom the power circuit 2 fails, the operation of the cutoff
duration measuring means 44 continues. A transmis-
sion service switching control part 45 performs switch-
ing control such that when the result of measurement
made by the cutoff duration measuring means 44 is
shorter than a predetermined time, it activates the con-
tinuation transmission service means 42, whereas,
when the result of measurement by the cutoff duration
measuring means 44 is longer than the predetermined
time, the transmission service switching control part 45
activates the initialization start transmission service
means 43. A communication interface 46 is arranged to
send output data to the remote input/output bus BS after
changing it normally 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 above, 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 re-
mote input/output device side are maintained equiva-
lently. 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 proc-
essor 1. Input/output data from the remote input/output
devices PO1, PO2, PO3...POn is written into the shared
memory 3, and the contents of the memory 3 are updat-

The control operation unit 1 reads out the input/out-
put data from the shared memory 3 in the control oper-
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vice (P01, P02, P03, POn) includes: - . a no-response detecting neans
t hat det ect whet her or not there is data transmn ssion

t hrough said renote input/output bus, or de- tects a tine-up signal
delivered fromsaid con- trol station; and a default val ue
out put nmeans that outputs a sig- nal of predeterm ned value to a
process as a -.10 -

ation cycle and performs predetermined control cpera-
tion 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 (SV) for control to
obtain a control 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 PO1, PO2, PO3...POn to
control the operation of actuators linked to the remote
input/output devices PO1, PO2, POS...POn.
The above control action realizes a control opera-
tion in which the opening of a valve, for example, is con-
‘trolled so as to follow up the resuit of the arithmetic op-
eration performed by the control operation unit 1. _
it should be noted here that the correspondence be-
tween the remote input/output devices PO1, PO2,
PO3...POnN 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 op-
eration of the system.

Operation in a case where a momentary transmission
cutoff occurs: o '

The cutoff 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 cutoff duration is shorter than
a predetermined time, it judges that a momentary trans-
mission interruption or cutoff has occurred. In this case,
the transmission service switching control part 45 drives
the continuation transmission service means 42. The
continuation transmission service means 42 first per-
forms transmission for urgent output, and after the com-
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control |l ed system when a no-response state continues |onger than a
predeterm ned tine in communi cati on between said renote input/out-
put device and said control station.

- 11 -

pletion of the urgent output transmission, it shifts the
transmission mode to the normal cyclic scan transmis-
sion. 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 cutoff
OCCUrS: :

When the cutoff duration measuring means 44,
which monitors the transmission condition on the re-
mote input/output bus BS, judges that the period of
trarsmission cutoff duration is longer than a predeter-
minéd 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 in-
putting 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
operation, the control operation unit 1 updates the out-
put data as a resuit of the arithmetic operation and the
shifts the transmission service to the normal transmis-
sion service. :

In this way, the transmission service switching con-
trol part 45 carries out switching control of the operation
performed by each transmission service means, de-
pending upon the period of transmission cutoff duration,
for each remote input/output device.

Fig. 3 illustrates basic operating modes prepared
for each of the nomal, continuation and initialization
start transmission service means 41, 42 and 43.
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- 43 - 3. Adistributed control systemaccording to claima1, wherein
each of said transm ssion service neans (42, 43) uses a data
transmtting function including:

- 12 -

Each transmission service means performs the
above-described transmission service, depending upon
the period of transmission cutoff 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 trans_mission 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 per-
formed between the control operation unit 1 and each
remote input/output device.

When the control operation unit 1 recovers from the
power failure, the operating mode shifts from the trans-
mission stop mode to this mode. - '

Transmission service mode:

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

The operating mode shifts from the recovery con-
firming transmission mode to this mode when recovery
response or notice of recovery is received from the re-
mote input/output device side.

When no response from the remote input/output de-
vice side is received consecutively more than a prede-
termined number of times, or when a power failure no-
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a data change detecting means (71) that de- ' tects whether or not

there is a change in data ' which is to be sent; a counter
(72) that is activated to count up or down when said data change
det ecting neans (71) detects a change in data which is to be
sent; and a count adding neans (73) that adds a val ue of

- 13 -

tice signal is output from the remote input/output device
side. the operating mode shifts from this mode to the
recovery confirming transmission mode. :

it should be noted here that the cutoff duration
measuring means (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 processing in the recovery confirm-
ing transmission mode is completed, thereby determin-
ing the time interval between the two points to be a pe-
riod of transmission cutoff duration.

With the above-described arrangement, when the

~ power supply recovers from a power failure, the most
appropriate transmission service means is activated,
depending upon the period of transmission cutoff dura-
tion, so that the system can recover rapidly from the
transmission cutoff state and shift to the normal process
controi 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 hoiding means that always holds the latest output
data that is delivered to the remote input/output device
(PO) side. When a power failure occurs on the remote
input/output device (PO) side, the cutoff duration meas-
uring means 44 detects it via the remote input/output
bus BS (Step 1) and measures the period of cutoff du-
ration (Step 2). It should be noted here that the occur-
rence of a power failure on the remote input/output de-
vice (PO) side and the recovery from the power failure
may be detected by receiving a notice signal represent-

- ative of the occurrence of a power failure and a recovery
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said counter (72) to a signal which is to be sent. 4. A distributed
control systemaccording 'to claim1l1, - wherein each of said transm ssion
servi ce neans (42, 43) uses a data receiving function having a data
change recogni zi ng neans (52) that recogni zes a change in data by
detecting a difference between a counter value included in a signal
received in the present receptiofn héd-a counter value included in a

notice signal, which are sent from the remote input/out-
put device (PO) side. It is also possible to detect the
occurrence of a power failure and the recovery there-
from from an cutoff or interruption of data transmission,
which is carried out cyclically by using the bus BS.

When the power supply on the remote input/output
device (PO) side recovers from the failure, the cutoff du-
ration measuring means 44 detects the recovery and
suspends the measurement cf the pericd of cuteff du-
ration (Step 3). '

The transmission service switching control part 45
decides whether the power failure is momentary or not
by judging whether the cutoff duration measured by the
cutoff duration measuring means 44 is shorter or longer
than a predetermined time (Step 4). If the power failure
is judged to be a momentary power failure, the trans-
mission service switching control part 45 activates the
continuation transmission service means 42, so that, af-
ter 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 output data from the control station
(FC) side, the remote input/output device (PO) side
sends it to the process side. Thus, the control output is
continuously sent to the process side. Upon compietion
of the continuation start operation after the momehtary
power failure, the operation shifts to the cyclic scan
transmission, which is performed by the normal trans-
mission service means 41.

In addition, notice of recovery is sent to the control
operation unit (processor) 1 (Step 6), so that the control
operation and the sending of the control output are re-
sumed. | |
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signal received in the preceding reception. 5. A distributed control
system according to claiml, wher ei n each of said transni ssion service
nmeans (42, 43) uses a data receiving f unction having a data change
count recogni zing nmeans that detects either an increnent or a decrenent
of a counter value to thereby re %gnize a nunber of tinmes of change of
a signal which has occurred since rhé precedi ng '

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 until the data
is successfully transmitted, within a preset number of
times. Such a number of times of retransmission of out-
put data and other transmission conditions are set in ad-
vance. _

if it is judged at Step 4 that a long power failure oc-
curs 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).

The processing for a long power failure is realized,
for example, by executing the cyclic scan transmission
forfetching the input data (including read-back of an out-
put 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 star,
which is limited to fetching of the input data, the opera-
tion shifts to the normal cyclic scan transmission, which
is performed by the normal transmission 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 abnomality in the operation of
the control 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 example, which
is provided in the control station FC. The remote input/
output device PO is provided therein with a no-response
detecting means that judges that there is an abnormality
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comuni cati an cycl e.

- 16 -

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 prespecified safe value (de-
fault value) is sent to the process side (actuator side)
(Step 24). _ .

When the no-response time is short (e.g., inacase
where the control station FC recovers from the abnormal
state immediately), data that is received from the control
station (FC) side is sent to the process side to continue
the data output operation.

With the above-described operation, when a mo-
mentary power failure occurs on the remote input/output
device side or the control station side, the control oper-
ation can be continued without suspencing the coritrol
function. In addition, when there is a malfunction in the
control station FC or a trouble in the input/output bus,
the output value to the process can be changedto a safe
value without causing runaway.

Fig. 6 is a block diagram showing a data transfer
function, which is used in each of the transmission serv-
ice means 41, 42 and 43. The figure mainly shows a
data transfer function used to transfer data from the re-
mote input/output device (PO) side.

In the remote input/output device PO, which serves
as a data sending station, input circuits 61, 62... are pro-
vided to correspond to contact input signals, respective-
ly, so as to 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. A data change detecting means 71 de-

~ tects whether or not there is a change in the data which
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- 44 - 6. Adistributed control system according to claim 1, wher ei n

said control station (FC) is provided wth: a signal sendi ng neans
(53) that sends a com mand for processing to be executed at said
re- not e i nput/out put devi ce; '

- 17 -

is to be sent from the remote input/output device PO. A
counter 72 is activated to count up or down when the
data 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 pro-
vided for each input signal. A communication interface
82 performs data transmission between the remote in-
put/output device PO and the control station FC. A mi-
croprocessor 81 is connected to the communication in-
terface 82 through a bus BS. The data change detecting

- means 71, the counter 72 and the count adding means

73 are each realized by software.

In the control station FC, which serves as a data
receiving station, a communication interface 485 is con-
nected to the bus BS. The communicaticn interface 46
receives signals (data) sent from the remote input/out-
put device PO and stores them sequentially in a scan
input image region of a memory 50 as scan input imag-
es. A count extracting means 51 extracts from scan in-
put images a counter value sent by the present scan
communication and a counter value sent by the preced-
ing scan communication. A data change recognizing
means 52 makes a comparison between the present
and preceding counter values, which are extracted by
the count 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 atiming chart showing an operation of scan
communication performed between the control station
FC and the remote input/output device PO.

In the figure, (a) shows on/off signals which are in-
put to the remote input/output device PO from a push-
button, for example. The data change detecting means
71 detects whether or not there is a change in the input
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a counter (54) that is activated to count up or - down when a
processi ng conmand i s changed to anot her, and a count
addi ng nmeans (55) that adds a val ue of ~ said counter (54) to a
signal which is to be sent; and said at |east one renote

| nput / out put de- vice (PO is Provided wi th a command recog-

ni zi ng neans (85) that recognizes tatl& new processi ng conmand has
been sent to said re-

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 causes the
counter 72 to count up, for example, as shown at (b} in
Fig. 7. In this example, it is assumed that the initial value
of the counter 72 is "1" and the counter 72 counts up
consecutively from the initial value, for simplification. it
should be noted that the value of the counter 72 returns
to the initial value when it reaches the counter capacity.
The count adding means 73 reads the value of the coun-
ter 72 in the scan cycle T2 and adds the counter value
to a communication frame (communication packet). The
communication frame with the counter value added
thereto is transmitted to the control station FC through
the communication interface 82.

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

The communication frame comprises an address
ADR of a remote input/output device PO, which is pro-
vided at the top, a channel number CHN of an input con-
tact 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 inter-
face 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 (¢) in Fig. 7. The write cycle (update cycle) basically
corresponds to the scan communication cycle T2. If a
communication error occurs during the scan communi-
cation, as shown by X in between (b) and (c) in Fig. 7,
the control station FC does not update the scan input
image. When there are a plurality of input changes dur-
ing one period of the scan communication cycle T2, as
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not e i nput/out put device (PO by detectihg a di fference between a

counter value included in a signal received in the present
reception and a counter value included in a signal received in
t he preceding reception. 7. A distributed control systemaccording to
claim1l, wherein said control statigg (FC) is provided wth:

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" directly, as shown at the
corresponding portion in (c) of Fig. 7.

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) in Fig. 7, the
scan input image is read out in the control cycle T1 of
the control station FC. The reading of the scan input im-
age is carried out as follows: |

The count extracting means 51 extracts from the

scan input image buffer a counter value sent in the
present scan communication and a counter value sent

in the preceding scan communication. Next, the data
change recognizing means 52 makes a comparison be-
tween the present and preceding counter values, which
are extracted by the count extracting means 51. If there
is a difference between the present and preceding coun-
ter values, the data change recognizing means 52 rec-
" ognizes that there is a change in the input contact signal,
whereas. if there is no difference between the present
and preceding counter values, the data change recog-
nizing means 52 recognizes that there is no change in
the input contact signal. Then, the data change recog-
nizing 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
that have occurred since the preceding communication
cycle. '
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a signal sending neans (53) that sends a com mand for processing

to be executed at said at | east one renpte input/output device
(PO ; a counter (54) that is activated to count up or down
when a processing command i s changed - to anot her; a count
addi ng means (55) that adds a val ue of said counter (54) to a
signal which is to be sent; and 20 -

Although the description has been made by way of
an example in which an input contact signal is trans-
ferred 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 case where data that
is used to on/off control a vaive, for example, is trans-
ferred from the control station FC to the remote input/
output device PO. Further, the arrangement of the com-
munication frame sent by scan communication is not
necessarily limited to that shown in Fig. 8. In addition,
although in the foregoing description the counter value
is counted up, it may be counted down. Further, it should
be noted that the term "counter® herein employed in-
cludes a means such as a register means in which a
data value held therein changes in accordance with an
input signal. '

By executing the above-described scan communi-
cation for data transfer between the control station FC
and the remote input/output device PO, a signal change
can be transmitted reliably without omission 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 serv-
ice means 41. The figure mainly shows a data transfer
function used to 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 transferred as processing commands from
the control station FC to the remote input/output device
PO. '
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a transfer confirmng nmeans (56) that nakes a conpari son between a
conbi nati on of data and

- 21 -

in the control station FC, a signal sending means
53 sends commands for processing to be executed in
the remote input/output device PO and other necessary
signals. A counter 54 is activated to count up or down
when a processing command sent from the signal send-
ing means 53 is changed to another. A count adding
means 55 adds the value of the counter 54 to the
processing command which is to be sent from the con-
trol station FC. A microprocessor 57 realizes the signal
sending means 53, the counter 54, and the count adding
‘means 55 by using software. | |

" In the remote input/output device PO, a communi-
cation interface 82 receives a signal sent from the con-
trol station FC. The received signal is stored in a mem-
ory 83. A count extracting means B4 extracts a counter
value sent by the present scan communication and a
counter value sent by the preceding scan communica-
tion. A command recognizing means 85 makes a com-
parison between the present and preceding counter val-
ues. lf these two counter values are the same, the com-
mand recognizing means 85 continuously executes the
operation based on the present processing command.
If the two counter vaiues 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. In the
timing char, the time axis extends from the top to the
bottom as viewed in the figure. '
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- 45 - a countér val ue, which has been sent back from sai d

renot e. i nput/out put device (PO, and a -conbi nation of data and a
counter val ue, which i s now being sent out, thereby checki ng whet h-
er or not the data transfer has been surely ef- ~ fected; . and
said at | east one renote input/output de-

- 22 -

When the control station FC demands that the re-
mote input/output device PO should execute processing
"A", a processing command A" for starting the process-
ing concemed is sent from the signal sending means
53. The counter 54 is not activated to count up, for ex-
ample, but maintained in the "0* state until next process-
ing “B* is executed. The count adding means 55 adds
the counter value "0" at this time to the processing com-
mand "A" and sends it to the remote input/output device
PO. The same communication frame, which comprises
a counter value and a processing command, is contin-
uously 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
communication, as shown by 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. In
this example, it is assumed that the initial value of the
counter 54 is *0" and the counter 54 counts up consec-
utively from the initial value, 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 exe-
cute the next processing "B", the control station FC
changes the processing command to "B, activates the
counter 54 to count up by one, and sends a communi-
cation frame comprising the counter value "1* and the
processing command "B" to the remote input/output de-
vice 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 communication frame to the remote input/out-
put device PO in the same way as the above.
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vice (PO is provided with a conmand recbg- hi zi ng neans (85) that

recogni zes that a new processi ng conmand has been sent to said re-
not e i nput/out put device (PO by detecting a - di fference between a
counter value included in a signal received in the present reception
and _ a counter value included in a signal received in t he
precedi ng reception; and a signglz returning neans (86) that returns
re- o

In the remote input/output device PO, the count ex-
tracting 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, the command recogniz-
ing means 85 makes a comparison between the present
and preceding counter values, which are extracted by
the count extracting means 84. If these two counter vai-
ues are the same, the command recognizing means 85
maintains the present processing. If the two counter val-
ues are different from each other, e.g., in such a case
that the counter value has been counted up from ‘0" to
*1*, the command recognizing means 85 judges that a
new processing command has been sent, and starts the
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 rec-
ognizing means 85.

If should be noted that processing that is activated
in the remote input/output device PO includes process-
ing of sending a manipulated variable signal to a vaive
or the like installed in the process field, and processing
of starting various kinds of program used in the remote
input/output device PO. In addition, although in the fore-
going description the counter value is counted up, it may
be counted down. Further, it should be noted that the
term "counter" herein 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 re-
liably activated to execute desired processing by trans-
mitting various commands thereto independently of a .
communication error or omission of information, if such
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ceived data and counter value to said control station (FC) by scan

communi cation in a pre- determ ned cycle. 8. A distributed control
system according to claim1, wherein said at | east one renote
I nput / out put de- vice (PO includes: arectifier circuit (93)
that rectifies an input volt- . 24 -

QCccurs.

Fig. 11 is a block diagram showing a data transfer
function, which is used in each of the transmission serv-
ice 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 re-

“mote input/output device PC with handshaking execut-
ed therebetween. _

Fig. 11 is a functional block diagram arranged on
the assumption that the control station FC is a data
transmitting staticn, while the remote input/output de-
vice PO is a data receiving station. Accordingly, when:
bidirectional transfer of data is to be carried out, each
device must be provided wnh both data sending and re-
ceiving functions.

In the control station FC, which serves as a data
sending station, a transfer confirming means 56 makes
a comparison between a combination of data and a
counter value, which has been sent back from the re-
mote input/output device PO, which serves as a data
receiving station, and a combination of data and a coun-
ter value, which is now being sent out, thereby checking
whether or not the data tranisfer has been surely effect-
ed.

If a match is found between the combination of data
and a counter value, which has been sent back, and the
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 in-
structs the system 1o send new data, together with a
counter value which has been counted up or down, to
the receiving station. If a mismatch is found, 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
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~age signal; . a signal isolating neans (94) that transmts a
rectified output fromsaid rectifier circuit (93) af- ter
electrically isolating it; and a digital filter circuit (95) that
renoves a short - time off-signal -froman output signal that is
transmtted thereto through said signal _isolat- I ng means (94),

t hereby obtaining an isol ated di §Pt al out put signal .

counter vaiue, which are now being sent out. it should
be noted that a microprocessor 57 realizes the signal
sending means 53, the counter 54, the count adding
means 55, and the transfer confirming means 56 by us-
ing software. | |

In the remote input/output device PO, which serves
as a data receiving station, a count extracting means 84
extracts a counter value from the received signal. Adata
or command transfer recognizing means 85 recognizes
that data transfer has started when it detects a differ-
ence between a counter value received in the present
receiving operation and extracted by the count extract-
ing means 84 and a counter value received in the pre-
ceding receiving operation and similarly extracted by the
count extracting means 84. A signal returning means 86
retums, when receiving data and a counter value from
the control station FC as a data transmitting station, the
received data and counter value to the control station
FC by scan communication in a predetermined cycle.

It should be noted that a microprocessor 81 realizes
the count extracting means 84, the data transfer recog-
nizing means 85, and the slgnal returing means 86 by
using software. :

Fig. 12 is a timing chart showing a scan communi-
cation operation that is performed by the data sending
station (control station FC) and the data receiving sta-
tion (remote input/output device PO) in the above-de-
scribed arrangement. It is assumed that data "A® to *E*
is to be transterred from the sending station to the re-
ceiving station.

Upon commencing transfer of data "A" at the send-
ing 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 transfer operation, the same
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-communication frame, which comprises the data “A*
and the counter value *0*, is repeatedly sent for each
scan communication cycle until the comrol 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 recep-
tion and the counter value extracted from the signal re-
ceived by the preceding reception, the data transfer rec-
ognizing means 8S judges that the transfer of new data
has started, and stores the sent data "A" into a prede-
termined region of the memory §3 so that the microproc-
essor 81 can use it. The signal returning means 86,
when receiving data, returns the received data "A" and
the counter value “0" to the sending station by scan com- .
munication in a predetermined cycle. In this operation,
the same data and the same counter value are repeat-
edly sent for each scan communication cycle until the
control process shifts to the next step.

At the data sending station FC, the transfer confxrm-
ing means 56 receives the data "A" and the counter val-
ue *0", which are sent back from the data receiving sta-
tion by scan communication, and compares them with
the data and counter value, which are now being sent
out. |f 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,

e., "1% to the receiving station. On receipt of such an
instruction, the signal sending means 53 enters a new
step where it sends the new data "B" and the 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
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9. A distributed control systemaccording to claiml, wherein said at
| east one renpte input/output de- vice (PO perforns internal
fi xed-cycl e communi ca- tion, which includes serial conmunication
carried out in 1 mcrocycle, which is the mninmmunit of one
cycle, said nicrocycle being divided int%/ three transactions so that
command-response transm s- sion is carried out with each transaction,
said first _

out due to a communication failure, e.g., loss of a com-

munication frame, the transfer confirming means 56 in-

structs the signal sending means 53 to continue the

sending of the data "A* and the counter value "0, which

are now being sent out. In this way, the sending and re-

ceiving stations perform reliable transfer of data "A®,

"8"... while executing handshaking.

Although in the foregoing description the counter
value is counted up, it may be counted down.
By carrying the above-described scan communica-

tion, various kinds of data can be surely transferred to

the remote station independently of communication er-

rors. _ _
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 sig-
nal in the remote input/output device PO.

In the figure, reference numeral 81 denotes a AC
power supply. A switching element 92, for example, a
relay contact, outputs a status signal in accordance with
the controlled condition of the process. It should be not-
ed that in a case where the AC power supply 91 itself
shows an on/off state in accordance with the controlled
condition of the process, the switching element 92 is
eliminated. A diode bridge rectifier circuit 93 rectifies an
input AC voltage signal that is applied via the switching
element 92 and outputs a unipolar voltage signal V.

which is not smoothed. A signal isolating means 94 is
supplied with the unipolar voltage signal V. through a
resistance R1 and driven by this voltage signal. In this
example, a photocoupler is employed as the signal iso-
lating means 94. ' o
Reference symbol RC denotes a load resistance for
the signal isolating means (photocoupler) 94. A buffer
BUF receives the signal that is transmitted through the
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and second transactions being allotted for fixed-cy- cl e i nput/out put
processing, and said third transac- tion being allotted for
asynchronous processing. 10. A distributed control system according to
claim1l, wherein said control station (FC) and said at | east one
renot e input/output device (PO are each formed in a double structure,
?pd said renote input/ out put devi c;s(_l?O) Is provided with a pair of

i rst '

photocoupier 94. A digital filter circuit 85 is supplied with
the output of the buffer BUF, that is, the isolated digital

‘signal DB that is transmitted through the signal isolating
means 94. The digital filter circuit 95 is arranged to re-
move short-time off-signals from the signal 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 as-
sumed that an AC voltage signal V,, is output in accord-
ance with the on/off state of the sthchmg 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 means 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, 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 at (d) in Fig. 14.

The digital output signal DI has delays Tg and Tg at
the rise and fall thereot, as illustrated. However, the de-
lays Tg and T 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 arrangement . shown in
Fig. 13. In Fig. 15, reference symbols FF1, FF2and FF3
denote flip-flops. A gate circuit G1 is supplied with the
isolated digital signal DB and the respective outputs Q1
and Q2 of the flip-flops FF1 and FF2. A switch SW1 is

*This is the replacement sheet

Date: 28 N L)



and second communi cation interfaces (82a, 82Db),

whi ch are each provided

Wt h: ' a reset signal holding neans (11) that outputs and
hol ds an internal reset signal upon receiv- ing an abnormality
detecting signal that is gen- erated.when an abnornality occurs in
said re- note input/output devicgg(PO; and a counterpart

reset control neans (12) that re-

driven by the output of the gate circuit G1 so as to select
ither of the outputs Q1 and Q2 of the flip-flops FF1 and
FF2 and apply the selected output to the flip-flop FF3.

The flip-flops FF1 and FF2 are arranged in the form
of shift registers so that either of the outputs Q1 and Q2
of the flip-flops FF1 and FF2 is selected in accordance
with the output of the gate circuit G1 and latched by the
flip-flop flop FF3. It should be noted that each flop-flop
operates on the clock CLK.

This circuit realizes, as a digital filter algorithm used
inthe case of full-wave rectification, an operation where-
in if the isolated digital signal DB continues longer than
a specified time (e.g., 1 clock period), the output digital

~ signal DI = DB; in other cases, Dl = no change.

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

_ Inthefigure, (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 out-
puts Q1 and Q2 of the flip-flops FF1 and FF2 succes-
sively rise in response to the rise of the isolated digital
signal DB, as shown at (c) and (d) in Fig. 16, and the
output digital signal DI also rises in synchronism with
the second clock.

When the isolated digital sugnal DB temporarily be-
comes "0" halfway, as shown by the arrow P, it is reflect-
ed on the outputs Q1 and Q2 of the flip-flops FF1 and
FF2. I the interval during which the isolated digital signal
DB tamgorarily becomes and remains *G" is sherterthan
one period of the clock CLK, the isolated digital signal
DB becocmes *1" before the output Q2 becomes "0".
Thereiore, the output of the gate circuit G1 becomes "1*
(high level), as shown at (e) in Fig. 16, so that the switch
SW1 selects the output Q2 of the flip-flop FF2, and the
flip-flop FF3 latches it. Accordingly, the digital output DI

This is ihe replscement sheet

Date: 2 § JAN 1999



ceives a reset cancel signal sent fromsaid con- trol station (FC
t hrough said bus and applies : " said reset cancel signal to said reset
" si gnal hol di ng nmeans (11) in the other comunication :
interface. 11. A distributed control system according to claiml,

wherein said control station (FC) is provided with a

from the flip-flop FF3 does not change, but maintains
the high-level state, as shown at (f) in Fig. 16.

If the isolated digital signal DB becomes and re-
mains "0" for a longer time than one period of the clock
CLK as in the case of the interval TF immediately after
the isolated digital signal DB has fallen, the switch SW1
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. There-
fore, it will suffice to select the period of the clock CLK
to be about 4 ms. |

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 G1 is
supplied with the isolated digital signal DB and the re-
spective outputs of the flip-flops FF1 and FF3. The
switch SW1 selects either the output Q1 of the flip-flop
FF1 or the output Q3 of the flip-flop FF3 in accordance
with the output of the gate circuit G1 and applies the
selected 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 gate circuit G1 is supplied with the isolated dig-
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ital signal DB, a signal <Q1> (<> reprasents an inverted
state), which is obtained by inverting the output Q1 of
the flip-flop FF1, and the output Q3 of the flip-flop FF3,
and drives the switch SW1 in accordance with the resuit
of a logical operation executed using these input sig-
nals. 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 ar-
rangement of the gate circuit G1 employed in the circuits
shown in Figs. 15 and 17. The gate circuit G1 comprises
three gates so that a driving signal G1 for the switch
SW1 is output from the gate circuit G1 according to the
following logical expression:

G1=(DB-<Q1>-Q2)+(<DB>-Q1-<Q2>)

- inthe case of Fig. 15

G1=(DB-<Q1>-D1)+(<DB>-Q1-<D1>)

in the case of Fig. 17

By employing the gate circuit, arranged as de-
scribed above, a positive (*1*) pulse shorter than 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
half-wave rectifier circuit, the period of time during which
the isolated digital signal 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:
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- 47 - reset cancel signal output neans (13) that watches whet her
or not either of said first and second com

- 32 -

When the isolated digital signal DB becomes "1*
(high level), the digital signal output Di is setto DI = *1*.

If the isolated digital signal DB remains "0" (low lev-
el) longer than one period of the AC power supply, the
digital signal output Dl is set to DI = "0".

In other cases, the digital signal output DI is not
changed, 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 output 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 supplied with an isolated dig-
ital signal DB and a clock CLK such as those shown at .
(c) and (d), respectively, in Fig. 21, and outputs a clock
that is applied during the period that the isolated digital
signal DB is at the high level, as shown at (e) in Fig. 21.
The monostable multivibrator MFF, in which is set a
pulse width longer than one period of the AC power sup-
ply, receives as a trigger signal a puise 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 sugnal may be affected by
noise, the isolated digital signal may be applied through
an impulse noise eliminating circuit such as that shown
in Fig. 19.

Fig. 22 is a block diagram showing another example
of the digital filter circuit 95 that is employed in a case
where the rectitier circuit 93 that is shown in Fig. 13 is
a half-wave rectifier circutt.
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‘nmuni cation interfaces (82a, 82b). in saird at | east one renot e

I npu/ out put device (PO enters a reset - state, and outputs, when
detecting a reset state of one comruni cation interface, a reset cancel
si gnal to the other communication interface, which is not in a

reset state. 12. A distributed control systemaccording to claim 11
wherein said reset cancel signal out put neas (13)

In this example, 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 signal 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 microprocessor is used to read an
isolated digital signal every predetermined period 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 conceptual view showing a voltage sig-
nal input circuit which may be employed when a plurality
of-voltage signals are input.

In this embodiment, a combination of a rectifier cir-
cuit 93 and a signal isolating means 94 is. provided to
correspond 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.

The voltage signal input circuit, having the above-
described arrangement, provides the following advan-
tages. (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 input, the circuit
can be used for both AC and DC, thus provndlng general-
purpose properties.
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_executes communi cation for cancellation of a reset state a
predet erm ned nunmber of tines. '

- 34 -

Fig. 24 is a conceptual view showing an arrange-
ment in which the bus BS that connects the control sta-
tion FC and the remote input/output device PO is dou-
bled. In the control station FC, communication interfac-
es 46a and 46b are provided to correspond fo two bus
lines that constitute a double bus BS, and also in the
remote input/output device PO, communication interfac-

~ es 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 abnormal-
ity, if any, in either of the bus lines or in a communication
interface. If an abnormality occurs, a-normal bus or nor-
mal communication interfaces are used to continue the
data transmission.

’ The bus BS is usually connected with a plurality of .
remote input/output devices PO, although only one of
them is illustrated in the figure. Accordingly, the commu-

- . nication interface 46 in the control station FC serves as
a central master that controls cyclic scan transmission
that is carried out between 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 communication frame on
the bus BS is cut off. To cope with such a situation, the
communication control may be effected in such a man-
ner 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 with an analog input/output unit
‘65 that handles an analog signal, a digital input/output
unit 66 that handles a digital signal, and a communica-
tion input/output unit 67 that handles communication
with the outside. |

This is the replacement sheet

Date: 2 8 JAN 1998



- 35 -

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

Cyclic scan transmission is also carried out be—
tween each of the input/output units 65, 66 and 67 and
the communication mterface 82 by usingthe internal bus
FEB. :
This cyclic scan transmission is serial communica-
tion that is carried out in the minimum unit (referred to
as "microcycle) of one cycle for fixed-cycle communica-
tion 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 fortransmission and reception. Fixed-cy-
cle input/output data is set to the first and second trans-
actions 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 the first and second transactions,
is executed by transmitting a communication packet for
fixed-cycle input/output data transmission, which has
been set to the first and second transactions in advance,
by using command-response transmission according to
a scheduling table (i.e., a table for controlling the scan
cycle, which describes for each /O node a scan cycle
for making access to it), which is determined by the scan
cycle preset for each 1/O node.

More specifically, fixed-cycle data that is transmit-
* ted from each input/output unit to the communication in-
terface B2 is process data, for exampie, data on temper-
ature, flow rate, pressure, etc., which are collected from
the process field. Such fixed-cycle data is set to the first
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and second transactions and sent in this stata. Similarly,
data that is transmitted from the communication inter-
face 82 to an input/output unit is control output 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 cyclic 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 cy-
cle. Further, urgent input/output data transmission is
handled.as asynchronous communication by setting a
communication packet for urgent output to command-
response transmission carried out by using the third
transaction of a microcycle communication that is sent
immediately after an urgent output request.
More specifically, when the communication inter-
~ face B2 receives information about a matter which
should be handied urgently from the control station FC,
for example, a control output that instructs a valve to be
urgently closed to the safe side, the communication in-
terface 82 sets the urgent output data to the third trans-
action and sends it to the input/output unit concerned.

The third transaction is similarly used to transmit ur-
gent information from an input/output unit to the control
station FC through the communication interface 82.

It should be noted that urgent processing that is ex-
ecuted by using the third transaction includes ordinary
interruption processing. _

Thus, all the three transactions in one microcycle
for command-response transmission are not used for
fixed-cycle processing, but one transaction is allotted for
asynchronous processing, for example, urgent output,

-thereby enabling urgent processing to be executed with-
out impairing the collection of ordinary process data and
the control output transmission processing despite se-
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rial communication. .

Fig. 26 is a block diagram of an arrangement where-
by 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 between
the control station FC and the remote input/output de-
vice PO. In 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 interfaces 82a
and 82b. |
~ In each of the first and second communication in-
terfaces 82a and 82b, a reset signal holding means 11
outputs and holds an internal reset signal upon receiving
an abnomality detecting signal that is generated when
an abnormality occurs in the remote input/output device
PO. In this example, the reset signal holding means 11
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. In this
example, the counterpart reset control means 12 is
formed by using a monostable muitivibrator (MONO
MULT), for example. '

in the control station FC, a reset cancel signal out-
put means 13 that watches whether either of the first
and second communication interfaces 82a and 82b in
the remote input/output device PO enters a reset state,
and outputs, when detecting a reset state of one com-
munication 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
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input/output device PO can be canceled from the control
station FC without the need for providing a special con-
trol signal line.

In the arrangement shown in Fig. 26, the first and
second communication interfaces 82a and 82b have the
same arrangement. In the figure, an external bus inter-
face 14 is connected to the bus BS, and an IO interface
16 is connected to an I/O unit through an internal bus
FEB. Further, a communication control processor 15 is
provided in between the external bus interface 14 and
the 10 interface 16.

The monostable mulitivibrator 12, which constnutes
a counterpart reset control means, is arranged to re-
ceive a signal output from the communication control
processor 15 and reset the contents of the reset signal
holding means (flip-flop) 11 in the other communication
interface. _

_ The reset signal holding means (flip-flop) 11 is sup-

plied at a set terminal S thereof with a time-up signal
from a watch dog timer WDT and other abnormality de-
tecting signal through an OR circuit and also supplied
at a reset terminal R with a signal from the monostable
multivibrator 12 in the other communication interface.
The Q output of the flip-flop 11 is applied as an intemal
reset signal to the external bus interface 14, the com-
munication control processor 15 and the IO interface 16.

In one communication interface (e.g., 82a), the
watch dog timer WDT and an abnormality detecting
means (not shown) are watching whether or not the in-

ternal operation is in a normal state. If an abnormality
- oceurs, for example, the watch dog timer WDT reaches
a time-up state and outputs a time-up signal, or the ab-
,normality detecting means detects the abnomality and
outputs an abnormality detecting signal. The time-up
signal or the abnommality detecting signal is applied to
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the set terminal S of the flip-flop 11 through the OR cir-
cuit, sothat the flip-flop 11 is set. Thus, the intemal reset
signal becomes active, so thatthe external bus interface
14, the communication control processor 15 and the 10
interface 16 are reset. Incidentally, the watch dog timer
WDT reaches a time-up state not only when the com-
munication control processor 15 itself has an operation
failure but also when transient noise is generated.

The control station FC, which is connected to the

remote input/output device PO through the bus BS, usu-
ally executes data transmission by scan communication
by using sither of the two bus lines constituting the dou-
bie bus BS or by alternately using the two bus lines.
When a communication interface (e.g., 82a) that is con-
nected to the bus line being used presently in the control
station FC enters a reset state such as that described
above, no response is obtained fronmt the communication
interface 82a any longer. Accordingly, the control station
FC recognizes that the communication interface §2a,
- which has been used so far, has entered a reset state,
or the communication function has stopped, by the fact
that no response is obtained. Then, the control station
FC uses the bus line that is connected to the other com-
munication interface 82b, thereby continuing the data
transmission. : :

At this time, the control station FC effects reset can-
cel communication for canceling the reset state on the
assumption that the communication interface 52a has
been brought into the reset state due to the generation
of transient noise. '

Command communication for canceling the reset
state is carried out by the reset cancel signal output
means 13 in the control station FC, using the one of the
two bus lines, constituting the double bus BS, which is
connected to the second communication interface 82b.
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- Whenareset state cancel signal is applied to the second

communication interface 82b, the reset control means
12 in the second communication interface 82b applies
a reset signal to the reset terminal R of the flip-flop that
constitutes the reset signal holding means 11 in 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 commu-
nication processor 15 and the IO interface 16, is made

“inactive. Thus, the reset state of these elements is can-
celed. In this way, the reset state of the communication
interface 82a is canceled.

The command communication for canceling the re-
set state is carried out a plurality of times (e.g., 3 times)
on the assumption that transient noise is generated fre-
quently, for example. When the reset state cannot be
canceled even if the reset cancel communication is car-
ried out a predetermined number of times, the commu-
nication interface 82a judges that the cause of the reset
state is not transient noise (that is, some abnormality -
still remains). Thereafter, the communication interface
82a suspends the communication for canceling the re-
set state, and executes necessary processing, for ex-
ample, display of a message that the communication in-

~ terface 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 can-
celed by using one of the two bus lines, which constitute
adouble bus. Thus, the reset state can be canceled from
the control station FC.
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Claims

1. Adistributed control system including a control sta-
tion (FC) that takes charge of control operation, at
least one remote input/output device (P01, P02,
P03, POn) that is connected to said control station
through a remote input/output bus (BS), wherein cy-
clic scan transmission is performed 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 during the
data transmission carried out by using the remote
input/output bus in a normal control operation state,
and means (45) for timebased malfunction treat-
ment, -

characterized by further comprising:
continuation transmission service means (42)
which first performs transmission through re-
mote input/out bus (BS) for urgent output from
the control station (FC) to only the remote input/
output side and then performs nomal cyclic
scan transmission service after the completion
of the transmission for urgent output,
initialization start transmission service mears
(43) which first performs cyclic scan transmis-
sion for input only from the remote input/output
device (PO) to the control station (FC) and,
cutoff duration measuring means (44) which
measures a period of transmission cutoff dura-
tion of said remote input/output bus, wherein:
said malfunction treatment means (45) effect
control such that when the result of measure-

ment made by said cutoff duration measuring
means (44) is shorter than a predetermined
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time, said continuation transmission service
means (42) is activated, whereas, when the re-
sult of measurement by said cutoff duration
measuring means (44) is longer than said pre-
determined time, said initialization start trans-
mission service means (43} is activated,
said control station (FC) comprises an output
data hoiding means that holds the latest output
data sent to said at least one remote input/out-
put device (P01, P02, P03, POn), and
said at least one remote input/output device
(PO1, P02, PO3, POn) comprises 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 de-
livered from said control station.
2. A distributed control system according to claim 1,
wherein said at least one remote input/output de-
vice (P01, P02, P03, POn) includes:

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

a default value output means that outputs a sig-
nal 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/out-
put device and said control station.
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3. A distributed control system according to claim 1,
wherein each of said transmission service means
(42, 43) uses a data transmitting function including:

a data change detecting means (71) that de-
tects whether or not there is a change in data
which is to be sent;

a counter (72) that is activated to count up or
down when said data change detecting means
(71) detects a change in data which is to be
sent; and | |

a count adding means (73) that adds a value of
said counter (72) to a signal which is to be sent.

4. A distributed control system according to claim 1,
_ wherein each of said transmission service means
(42, 43) uses a data receiving function having adata
change recognizing means (52) that recognizes a
change in data 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.

5. A distributed control system according to claim 1,
wherein each of said transmission service means
(42, 43) uses adata receiving function having adata
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 cycle.
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6. A distributed control system according to claim 1,
wherein said control station (FC) is provided with:

a signal sending means (53) that sends a com-
mand for processing to be executed at said re-
mote input/output device;

a counter (54) that is activated to count up or
down when a processing command is changed
to another; and

a count adding means (55) that adds a value of
said counter (54) to a signal which is to be sent;
and said at least one remote input/output de-
vice (PO) is provided with a command recog-
nizing means {85) that recognizes that a new
processing command has been sent to said re-

mote input/output device (PO) 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.

7. A distributed control systém according to claim 1,
wherein said control station (FC) is provided with:

a signal sending means (53) that sends a com-
mand for processing to be executed at said at
least one remote input/output device (PO);

a counter (54) that is activated to count up or
down when a processing command is changed
to another;

a count adding means (55) that adds a value of
said counter (54) to a signal which is to be sent;
and

a transfer confirming means (56) that makes a
comparison between a combination of data and
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a counter value, which has been sent back from
said remote input/output device (PO), and a
combination of data and a counter value, which
is now being sent out, thereby checking wheth-
er or not the data transfer has been surely ef-
fected; . '

and said at least one remote input/output de-
vice (PO) is provided with a command recog-
nizing means (85) that recognizes that a new
processing command has been sent to said re-
mote input/output device (PO) 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; and

a signal returning means (86) that returns re-
- ceived data and counter value to said control
station (FC) by scan communication in a pre-
determined cycle. |

8. A distributed control system according to claim 1,
wherein said at least one remote input/output de-
vice (PO) includes:

a rectifier circuit (93) that rectifies an input volt-
age signal;.

a signal isolating means (94) that transmits a
rectified output from said rectifier circuit (93) af-
ter electrically isolating it; and

a digital filter circuit (95) that removes a short-
time off-signal from an output signal that is
transmitted thereto through said signal isolat-
ing means (94), thereby obtaining an isolated
digital output signal.
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9. A distributed control system according to claim 1,
wherein said at least one remote input/output de-
vice (PO) performs internal fixed-cycle communica-
tion, 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 transmis-
sion is carried out with each transaction, said first
and second transactions being allotted for fixed-cy-
cle input/output processing, and said third transac-
tion being allotted for asynchronous processing.

10. A distributed control system according to claim 1,
wherein said control station (FC) and said at least
one remote input/output device (PO) are each
formed in a double structure, and said remote input/
output device (PO) is provided with a pair of first
and second communication interfaces (82a, 82b),
which are each provided with:

a reset signal holding means (11) that outputs
and holds an intemnal reset signal upon receiv-
ing an abnormality detecting signal that is gen-
erated when an abnormality occurs in said re-
mote input/output device (PO); and \
a counterpart reset control means (12) that re-

- ceives a reset cancel signal sent from said con-
trol station (FC) through said bus and applies
said reset cancel signal to said reset signal
holding means (11) in the other communication
interface.

11. A distributed control system according to claim 1,
-wherein said control station (FC) is provided with a
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reset cancel signal output means (13) that watches
whether or not either of said first and second com-
munication interfaces (82a, 82b) in said at least one
remote input/output: device (PO) enters 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.

A distributed control system according to claim 11,
wherein said reset cancel signal output means (13)
executes communication for cancellation of a reset
state a predetermined number of times.
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DISTRIBUTED CONTROL SYSTEM

AéSTRACT

. A distributed control system including a control
station that takes charge of control operation, and a remote .
input/output device that is connected to the controi station
through'é remote input/output bus. In a normal state,
cyclic scan transmission is carried out by using the remote
input/output bus so that input/output data handled by the
control station and input/output data on the remote
input/outéﬁt device side are maintained equivalently. The
control station is provided with alcontinuaﬁion transmission
service meéﬁs that first performs transmission for urgent
output only and then performs normal cyclic scan
transmission service after the completion of the
tfansmission for urgent output, an initialization start
transmission service meahs that first performs cyclié scan
trahsmission for input only, and an interruption duration
measuring means that measufes a period of transmission

interruption duration of the remote input/butput bus.

IGURE 2
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