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SIGNAL CONDITIONER

BACKGROUND OF THE INVENTION

1. Field of the Invention e
The present invention relate; to a signal conditioner
(also_known as é signal converter) used for a control apparatus
which cohtrols. industrial prqqésses as encountered in o0il
refineiy;.petrochemistry,_stegl ﬁaking, and paper making.
2. Description of the Prior Art
In industrial processes as encountered in oil refinery,
petrochemistry, steel making, and papér ﬁaking, ra; materials
are processed and fuels are used. In these prqcesses, tempera—
tures, flow'rates, pressures, liquid ievels, and other para-—

meters at various locations in the plant are measured with

sensors. Actuators such as valves ancillary to the plant are

controlled so that the " above-described parameters are held

within appropriate ranges. This is important where commercial
products are manufactured at wuniform gquality. In order to
provide such control, a control system consisting mainly of =a
computer has enjoyed wide acceptance.

Fig. 24 shows the 1locations of signél conditioners
referred to herein in the control system described above.
Shown in this figure aré a signal conditionmer 4 for receiving

signals and another signal conditioner 5 for transmitting

signals. The roles of these signal conditioners are first
described. The receiving signal conditioner 4 receives the
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output signal SA from a transmitter 6 and arithmetically
processes it to convert it into a form which can be easily
treated by a control unit 1 consisting mainly of a computer.
The transmitting signal conditionerl 5 converts the control
signal from the control unit 1 into. a signal SB a.da.pte_d for
long—distance transmission, for exgmple, into a current signal
of 4 to 2oimA shown in Fig. 6.

. In"the field of process control system, the signal SA
obtained by a measurement and the signal SB for controlling an
actuator 7 are normally'uSed. The currents of these signals
normally lie in the range from 4 to 20 mA. 1In these‘signals, 4
mA represents 0%, while 20 mA represents 100%. For example,
when the signal SA of 4 mA is produced due to a measurement, it
follows that the measu?ed pressure is 0. When the produced
signal SA is 20 mA, it follows that the measured pressure gives
the full—-scale reading, “If the signal SB for controlling the
actuator is 4 mA, then the valve is fully closed. If the
signal SB is 20 mA, then the valve is fully opened. The reason
why 0% is represented by 4 mA rather than by 0 mA is that the
breaking of the transmission line producing a current of 0 mA
is distinguished from 0%. Generally, the signal of 4 to 20 mA
can be regarded as a low—-frequency sigﬁal which varies slowly
with the processed amo;nt or with the amount to which the
actuator is controlled.

The prior art éiénal conditioners are now described by

referring to Fig. 24. The transmitter 6 is mounted inside a
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tube located in thé process control system. 'For example, ﬁhe
transmitter 6 measufes the pressure of the liquid contained in
the tube, and converts the value of the pressure into the
analog electrical signal SA. The regeiving signal conditioner
4 arithmetically processes the analog.signal SA introduped from
the transﬁitter 6 to convert the signal into a form which can
be eas11y treated by the control unmit 1. The output signal
from the conditioner 4 is converted into digital form by an
analog—-to-digital converter (ADC) 2 and supplied to the control
unit 1.

We now give two exaﬁples of tﬁe arithmeticsoperations
performed by the receiving signal conditiomer 4 on the analog
signal. Where the transmitter 6 measures a pressure, the
transmitter converts the measured pressure value into the
electrical signal SA, for example, of 4 to 20 mA. Only
digitally coded signals (hereinafter simply referred to as
digital signals) are intelligible to the ' control wunit 1
consisting principally of a computer. The analog signal of 4
to 20 mA is not intelligible to the control unit. Generally, a
voltage signal of 0 to 5 V should be applied to the analog—-to-
digital converter 2. If an electrical current of 4 to 20 mA
is applied to it, it cannot convert the current into digital
form. Therefore, the r;ceiving signal conditioner 4 arithme-
tically processes its inpgt analog signal, or the current
signal SA of 4 to 20 mA; into a voltage signal of 1 to 5 V.

Where the transmitter 6 is a temperature transmitter
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'using a sensor consisting of a thermocouple, it produces a

thermoelectromotive force of several millivqlts as the signal
SA. Since this thermoelectromotive force is a minute voitage,
the converter 2 is wunable to conve.rt its input signal into
digital form. accurately. Also, the-amplitude of the thermo-
electromotive force does not have a linear relation to tempera-
ture, and the signal SA itself does not directly represent
temperature. The receiving signal conditioﬁer 4 amplifies the
thermoelectromotive force introduced from the thermocoupie to
an appropriate level which can be treated by the converter 2.
Then, the signal SA, or the thermoelectromotive.-force, is
converted into a signal which ﬁas a linear relation to
temperature. This process is known as liearizing.

The control unit 1 performs arithmetic operations
according to the measured value supplied to it via the
receiving signal condjtioner 4 to appropriately control the
process. The obtained digitally coded éigﬁal is produced to
the D/A converter 3, where the signal is converted into analog
form. The resulting analog signal is fed to the tranémitting
sigﬁél conditioner 5, which then arithmetically processes the
analog signal to convert it into the transmitted signal SB of 4
to 20 mA. This signal controls the actuator 7.such as a valve
to control the flow rate'to an adequate value.

The receiving signgl conditioner 4 is equipped with a
power supply (not sﬁowﬁ in Fig. 24). 1In particular, the

transmitter 6 generally needs supply of electric power, for
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example, of 24 V, to operate itself. The t;ansmitting signal.
conditioner 4 is also equipped with this function of electric
power, or power supply.

The prior art signal congitioners constructed as

described above have the following disadvantages.

(1) Very numerous kinds must be prepared. Specifical-
ly, nuherbus kinds of transmiﬁfers 6 and actuators 7 are
required; to apprdpriately control the plant. For example,
transmitters for measuring temper;ture, transmitters for
measuring flow'rates, and transmitters for measuring pressure
are connected with various portions of the plant. ;The values
obtained by the individual measurements are converted into
their respective output signals taking different forms, e.g., a
voltage of millivolts, a current of 4 to 20 mA, and a current
of 10 to 50 mA. Therefore, in order to convert the applied
various énalog signals "into the same kin& of signal, for
example, a voltage of 1 to 5 V, after these analog signals are
arithmetically processed as mentioned above, receiving signal
conditioners 4 respectively suited for the inﬁividual signai_
forms of the outﬁuts from the transmitters are required to be
prepared. In addition, one transmitter needs a DC power supply
of 24V. Another transmitter necessitates a DC power supply of
12v. A further transmi;ter requires a constant current of 4
mA, and so on. As a result} the number of the combinations of
the various power supflies and the " various output forms is-

exorbitant. Thus, it is necessary that the receiving signal
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conditioners 4 be identical in kind with 'the combinations.
Also, ¢on§idérably numerous kinds of transmitting 'signal
conditioners 5 are required to be prepared, because the control
signals applied from the control ugit 1 are matched to the
signal forms .respectively required Sy the connected actuators
7. That ;s, in.the prior art techniques, the various receiving
signal conditioners 4 and the: vﬁrious transmitting signal
conditioners 5 must be preparedléeparately.

(2) The prior art signal conditionmers lack flexibility

and cannot be easily modified. In the field of process
control, specifications are subject to change. ﬁﬁwever, if
input conditions or output conditions for a circuit that
processes an analog input signal are modified, the design of
the circuit must be changed or some components must be replaced
to accommodate the modificatién. That is, the prior art signal .
conditioners 4 or 5 gré not flexible with circuit modifica-
tions. For this reason, whenever the input conditions or
output conditions are varied, dedicated hardware devices must
be prepared. Hence, they cannot quickly cope with modifica-
tions of specificatiéns.

(3) The prior art signal conditioners are not adapted

to be fabricated into the form of an IC. Since there exist a

number of components, miniaturization cannot be realized. In
the past, the analog signal which is obtained by a measurement
and supplied from the fransmitter 6 or from the control unit 1

has been arithmetically processed to convert the input signal
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into a desired signal. . Although andlog ICs which perform
arithmetic operations on analog signals have existed, input
resistors, feedback resistors, capacitors, and other external
parts connected with them are needed 9nd so it is impossible to
reduce the number of components greatly. That is, few-merits
are obtainéd-if they are fabricated in the form of an IC. In
this way, the prior art signal cohditione¥s which must perform
arithmetic operations on analog éignals are not adapted to be

manufactured in the form of an IC.

(4) The prior art signal conditioners cannot appropri-

ately adapt themselves to transmitters or actuators having

communication function. In recent years, there have been a

demand for transmitters and actuators having communication
function for-providing more adéquate proéess control. We now
describé a transmitter having communication function. An
ordinary:- transmitter mqaéures temperature, flow rate, pressure,
liquid,levelt or the like, and converts it into a low—frequency
signal of 4 to 20 mA. A transmitter having communication
function carries informafion, e.g., the'present measuring range
of this transmitter, sent from the process control system by
modulated wave, This modulated wave is sent to the control
unit 1 together with the above-—described low—frequency signal
by multiplex transmissio£ techniques. That is, the transmitter
has intelligent function. The modulation can be effected by

frequency modulation,‘frequency-shift keying (FSK), or other:

method.
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To accommodate the transmitter producing a signal that
carries multiplexed communication information, the receiving
signal conditioner 4 must be equipped with a demodulator.
Similarly, the transmitting signal 9onditioner 5 must have a
modulator to. accommodate itself to an actuator capable of
receiving signals carrying multéﬁlexed communication informa-
tion. As;described already in;ﬁtem-(l) above, numerous kinds
must be bfovidéd. In addition, where combinations of trans-
mitters and actuators each of which may or may not be capable
of multiplexing-communication information are all taken into

account, the number of the kinds of the signal conditioners is

huge. Hence, they are unsuited for industrial productiqn.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide
signal conditioners which are few in kind, e.g., only one kind,
but are capable of adapting - themselves to various transmitters
and actuators.

It is anothe: object of the invention to provide signal
conditioners which, when input or output conditions are
modified, can accommodate themselves to the modification
without the need to change the hardware simply by changing the
software. o

It is a further object of the invention to provide a
signal conditioner whdse‘circuit can be mostly fabricated in

the form of an IC and which permits the components attached to
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the outside of the IC to be reduced in number.

It is a yet other object of the invention to provide
signal conditioners which are.few in kind, e.g., only one kind,
but are capable of adapting themselvgs either to a transmitter
or actuator capable of multiplexing communication information
of to a ;transmitter or actuatop.'incapable of multiplexing
communication information.

Since various transmitters and actuators are connected
with signal conditioners, it is mnecessary to select. signal
conversion function suited for the form of the output signal
from the connected transmitter and for the form o% the input
signal to the connected actuator. Signal conditioners
according to the invention have common hardware portions which
perform main functions. The functions can be modified by
software.

The receiver poftion of the novel signal conditioner
converts every input signal from a transmitter into digital
form. Then, various arithmetic operations are performed on the
resulting digital signal to separate and extract the values and
communication information contained in the input signal, the
values having been obtained by measurements. The contents of
the arithmetic operations can be changed by software under the
instructions from the co&trol unit.

In accordance with phe invention, it is only necessary
to prepare a few kinas.of signal conditioners, i.e., a few

kinds of hardware, to accommodate quite varied transmitters,
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sensors, and actuators.

Other objects and many of the attendant advantages of
the invention will be 'readily appreciated as the signal
conditioners become better understqod by reference to the
following detailed description wheq.considered in connection

with the aééompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a signal conditioner
according to the invention;

Fig. 2 is a block diagram of another signal ;onditioner
according to the invention;

Fig. 3 is a block diagram of the analog-to-digital
converter used in the signal conditioners shown in Figs. 1 and
2;

Fig. 4, (a) and (b), are waveform diagrams of multi-
plexed signals;

Fig. 5, (a) and (b), are diagrams illustrating FSK
modulation;

Fig. 6 is a diagram illustrating a signal obtained by a
measurement;'

\ Fig. 7 is a diagram illustrating the relation of the
conversion efficienciestof an analog-to—digital converter and
of a digital-to—analog convgrter to frequency;

Fig. 8 is a. biock diagram of a further signal

conditioner according to the invention;
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Fig. 9 is a circuit diagram of specific examples of the
power supply part 92 shown in Fig. 8 and of the input circuit
51 shown in Figs. 1, 2, and 8;

Fig. 10 is a diagram similar to Fig. 9, but in which
the switch SW3 shown in Fig. 9 has been switched to the other
state and some modifications are made;

Eig. 11 is a diagram similar to'Fig. 9, but in which
some modifications are made;

‘'Fig. 12 is a diagram similar to Fig. 11, but in which
some modifications are made;

Fig. 13 is a diagram similar to Fig. 10, bﬁt in which
some modifications are made;

Fig. 14 is a block-diagram of a still other signal
conditioner according to the invention;

Fig. 15 is a circuit diagram'of the power supply part
92 shown in Fig. 14 and its surroundings;

Fig. 16 is a time chart of signals produced at various
locations inside the circuit shown in Fig. 15;

Fig. 17 is a circuit diagram of a modification of the
circuit shown in Fig. 15;

Fig. 18 1is a block ¢iagram of a yet other signal
conditioner according to the invention;

Fig. 19, (a) ana (b), show the waQeforms of a.trans—
mitter and a sensor producing voltage output signals;

Fig. 20 is a diaéram illustrating thé operation of the

DC/DC converter shown in Fig. 8;
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Fig. 21 is a block diagram of a modification of the
circuit located around the ADC 52 shown in Fig. 1;

Fig. 22lis a time chart of signals produced at various
locations in the circuit shown in Fig: 21;

Fig. . 23 is a diagram showing the attenuation
characteriétics- of the two low-pass filters of the circuit
shown in Fig. 21;

'Fig. 24 is a diagram showing the locations of signal
conditiongrs in a control system; and

Fig. 25 is a block diagram of the DAC 69 shown in.Fig.

i, 8, 14, 18.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Fig. 1, there is shown a signal
conditioner according to - the present invention. This
conditioner, indicated, By reference numeral 50, includes a
control unit 1, a transmitter 6, and an actuator 7 which are
similar to the éounterparts alfeédy' described in connéction
with Fig. 24. This signal conditioner 50 combines the function
of the analog—-to—-digital converter (ADC) 2, the function of the
digital-to—analog converter -(DAC) 3, the function of the
receiving signal conditioner 4, and the function of the
transmitting signal conditioner 5 shown in Fig. 24.

The signal conditioner 50 further includes input
terminals P1, P2, P7, fS.and output terminals P3, P4, P7, PS8.
A receiver circuit part corresponding to the receiving signal
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conditioner 4 and the analog-to-digital converter 2 showq in
Fig. 24 is located between the input terminals Pi, PZ agd the
output terminals bs, P4. A tfansmitter circuit part corre-~
sponding to the transmitting signa} conditioner 5 and the
digital-to—analog converter (DAC) é shown in Fig. 24 is
positioned.between the input terminals P7, P8 and_the output
terminals P55, PS6. A line'(not shown) is connected from the
signal cond1t1oner 50 to the . transm1tter 6 shown in Fig. 1 to
supply DC power to it. It is to be noted that the power supply
part is not shown in Fig. 1. The actuator 7 is powered by an
electrical current supplied from an output circuit{68. Where
an output signal of 4 to 20 mA is produced, said electrical
current is 4 mA. |
The receifer circuit part receives the output signal
and communication information from the transmitter 6 and sends
them to the control unit 1, the output signal from the
transmitter 6 indicating the value obtained by a measurement.
The structure df this receiver circuit part is now described.
The receiver circuit part has an input circuit 51 which acts to
convert current into voltage and to convert impedance. The
function of converting current into voltage can be implemented
by a resistor, for example. The function of converting
impedance can be attaiﬁed by an operational amplifier. In
particular, in this analog circuit 51, thé current signal SA
supplied from the tranémitter 6 is passed through a resistor R

and converted into a voltage, which in turn is amplified by a
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variable gain amplifier 131 shown in Fig. 21. The gain of this
operational amplifier is determined by the instructions_from
the control unit 1. Where the transmitter 6 is a temperature-
measuring instrument comprising a .sensor consisting of a
thermocouple,. the resistor R (Fig. él) acting as the current-
to—voltage,convérter is disconnected from the circuit under the
instructions-from the control uni£ 1. 'Then, the gain of the
variable gain amplifjer is switched to the higher value by
operating.a switch 136 shown in-Fig. 21. In accordance with
the present invention, minimum function is imparted to this
input circuit 51, i.e., it-has only amplification function. A
digital signal processing part 61 (described later) performs
arithmetic operations. |

In the description of the novel apparatus, it. is
assumed thét a value obtained by a measurement or an actuator
control signal and communication information are multiplexed
and that th multiplexed signal is transmitted between a
control station 10 (Fig. 24) and a process control system. The
multiplexing can be either frequency-division multiplexing
shown in Fig. 4(a) or time—division multiplexing shown in Fig.
4(b). In the frequency—division multiplexing shown in Fig.
4(a),'FSK modulated wave and a low-speed signal of 4 to 20 mA
are superimposed, the ’low—speed signal indicating a value
derived by a measurement.- In the time—division multiplexing
shown in Fig. 4(b), éiﬁe is divided into plural time slots.

For example, FSK modulated wave is transmitted during the
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period between tl and t2 and during the period betyreen t3 and
t4. The low—-speed signal is transmitted during the pefiod
between t2 and t3. The frequency-shift keying (FSK) is a
signaling method in which two differ‘ent frequencies f0 and f1
are used to .represent a binary zero and a binary one which
indicate in;formation to be transmitted as shown in Fig. 5.

In Fig; 1, the waveforms-éf frequency—division multi-
plexed{ transmitted signals are shown. The rADC (analog-to-
digital converter) 52 converts évery multiplexed analog signal
supplied from the input circuit 51 into a digitally coded
signal §SC. For example, each instantaneous Qalhe of the
amplitude of the synthesized waveform m shown in Fig. 4(a) is
sequentially converted into the digitally coded signal SC by
the ADC 52. Therefore, the digitally coded signal SC contains
information (for example, Al and A2) indicatiﬁé values obtained
by measurements, as wpll as information carried by the FSK
modulated wave (Fig. 5(a)).

The aforementioned digital signal processing part 61
extracts the low-speed signal component and the modulated
signal component (or high-speed signal componen@) from the
digitally coded signal SC separately. These two extracted
components are subjected to digital signal processing to
extract the values obiained by the measurements and the
information transmitted. As an e#ample, the digital signal
processing part 61 conéiéts of a digital bahd-pass filter 53, a

digital demodulator 54, a digital 1low-pass filter 55, a
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measuring .part 56, and other components. For instance, the
measuring part 56 is composed of a digital computing unit 58, a
memory 59, a table 66, and other components. The demodulator
54 extracts information transmitted: The measuring part 56
extracts the wvalues obtained by the éeasurements. The digital
signal processiﬁg part 61 constructed as described thus far can
comprise a digital signal processof or the like. The charac-
teristicg and the functions of the components 53-60 can be
modified, for example, by software.l

An interface 64 disposed behind the digital signal
processing part 61 deécribed just above receives ihe output
signals S1 and 82 from the processing part 61 and sends thése
signals S1 and S2 to the control unit 1. That 1is, the
interface 64 makes a matching of the type of data and the
method of eransmission of data between the signal processing
part 61 and the control unit 1 to permit data S1 and S2 to be
transmitted from the processing part to the control uﬁit. For
example, the interface receives serial data S1 from the digital
demodulator 54 and converts it into parallel data S3, which is
sent out. In Fig. 1, only one signal line exists for each one
kind of the data S3 and S4, and only one photocoupler 65 or 66
is disposed for each one kind of data S3 and S4. In practice,
plural lines and plural'photocouplers are used in combination
for each one kind of data.

The photocoupléré 65 and 66 are insulating means which

prevent excessively large signals from the process control
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system from being directly applied to the control unit 1. The
photocoupler 65 produces a reception signal S5 indicating
information transmitted. The photocoupler 66 delivers a mea-
surement signal S6 indicating a value obtained by a measure-
ment . -

The apparatus further- includes a transmitter circuit
part which réceives an actuator control signal S9 from the
control unit 1 and a transmission signal S8 and sends them: to
the actuator %. The signal 88 indicates information trans-
mitted; whiie the signal S8 indicating the amount to which the
actuator is controlled. The structure of this tfansmission
function part is now described: - Photocouplers 75 and 76 are
similar in operation and advantages to the photocouplers 65 and
66. Speﬁifically, these photocouplers transfer signals S8 and
S9 from the control unit 1 to an interface 78 while providing
electrical insulation between them. The interface 78 is also
similar in operation and advantages to the above-described
interface 64. That is, the interface 78 makes a matching of
the type of data and the method of transmission of data
transferred from the control unit 1 to a second digital signal
processing part 70 to permit the data S8 and S9 to be
transmitted from the control unit 1 to the signal processing
part 70. The result isjthat data S10 and S11 shown in Fig. 1
are supplied from the inpqts/outputs (1/0) 73 and 74 of the
interface 78 to the. Aigital signal processing part 70.

Although the data S10 and S11 are shown to have analog
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waveforms, they are digitally coded signals in practice.

The second digital signal processing part 70 receives
the two digitally coded signals S10 and S11 from the interface
78 and arithmetically processes them: The processing part 70
sums up the digitally coded signal éll and another digitally
coded signal siz and produces a multiplexed, digitally coded
signal 8S13. The digital signal 811 indicates the amount
(corresponding .to 4 to 20 mA) to which the actuator 7 is
controlled. The digital signal siz represents the amplitude of
the modulated .signal. For example, this dlgltal signal
processing part 70 comprises a digital modulator 72 and a
digital adder 71.

.The digital modulator 72 produces a digitally coded
signal indicating each instantaneous valne of the amplitudes of
the signals of the frequencies fl and f0 according to the
binary state, i.e., 1 or 0, of the applied signal S10 as shown
in Fig. 5. More specifically, if the signal S10 assumes state
1, the modulator 72_produces a digital code value indicating
the instantaneous value of the amplitude of the signal of the
frequency f1. If the signal S10 takes state 0, then the
modulator 72 produces a digital code value indicative of the
instanptaneous value of the amplitude of the signal of the
frequency fO.

In the example of Fjg. 1, the actuator control signal
89, or S1l1, is directl§ anplied to the digital adder 71 without

being processed digitally at all. It is also possible to
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digitally process the signal by sor;le means or other. For
example, in some cases, the control unit 1 produces the signal
S9 indicating the amount (0 to 100%) to which the actuator 7 is
controlled. A logic block (not showp) included in the digital
processing part 70 converts this,‘sig;:xal into a digitally coded
signal corresponding to 4 to 20 mA.

The digital modulator 7'2 makes FSK modulation, for
example, receives the signal S10 shown in Fig. 1, and produces
the signal 8S12. Although this signal S12 is shown to take
analog form in PFig. 1, it 1is a digitally coded signal
indicating the instantaneous value of the amplit:;de of the
signal waveform 8S12 shown in Fig. 1. The digital adder 71
produces the sum of the digital signals S12 and 8S11, i.e.,
delivers a frequency—-division multiplexed signal §813. This
second digital signal processing part 70 can consist of a
digital signal proceséof or the like, in the same way as the
first digital signal processing part 61. The charé.cteristics
and the functions of the components 71 and 72 can be altered by
software.

An ADC (analog—-to-—-digital converter-) 69 converts evefy
multiplexed analog signal supplied from the digital signal
processing part 70 into an analog signal S14. That is, -the
converter 69 cbnverts 1t:he digitally coded signal S13 into =a
synthesized analog waveform m ShOWn~ in Fig. 4. This analog
signal m contains info.rm;.tibn e.g., corresponding to levels Al

and A2 shown in Fig. 4, indicating the amount to which the
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actuator 7 is controlled, as well as ihformation, e.g.,
information corresponding to Fig.l 5(a), transmitted by FSK-
modulated wave.

The output circuit 68 is an analog circuit which
converts this signal S14 into a currént signal SB. Genefally,
the output signal S14 from the DAC 69 is a voltage signal.

The actuator control signal_Sll abplied to the adder 71
correspondsfio the current of 4 to 20 mA. Therefore, in the
output sigﬂal SB from.the output circuit 68, the FSK modulated
wave is superimposed on the low-speed signal of 4 to 20 mA.
Thé waveform qf the output signal SB is shown in Fig; i.

A receiving circuit 7a incorporated in the actuator 7
receives the signal SB and extracts the amount (a current of 4
to 20 mA) to which the actuator 7 is controlled, to actuate a
final controlling means 7b, for example, a valve. The receiv-
ing circuit also serves to demodulate and extract the informa-
tion transmitted. The range of the actuator 7 is selected
under the instructions contained in the transmitted informa-
tion.

The operation of the apparatus of Fig. 1 built in this
way 1is mnow described. First, the receiver <circuit part
including components 51, 52, 61 is described. The novel signal
conditioner 50 performsl suitably, whether the transmitter 6
connected with the c;nditioner has communication function or do
not. It is now assuﬁea that the connected transmitter has

communication functl
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" More specifically, the transmitter 6 converts a value
obtained by a measurement, e.g., a pressure value obtained by a
measurement, into a low-speed signal of 4 to 20 mA. The
resulting low-speed signal is multiplgxed with an FSK modulated
signal, or communication information; and the produced signal
is delivered from the output. As an‘example, the communication
is hglf—duplex FSK transmission (1260 baud) .

The input circuit 51 has the resistor R (Figs. 9 and
21). The current signal SA in which the signal obtained by a
measurement and the communication signal are maintained multi-
plexed is passed through this resistor R and conve;ted into a
voltage signal. This voltage signal is amplified to an
appropriate voltage  level by an amplifier 131 (Fig. 21)
incorporated in the input circuit 51. The amplifiéd signal is
fed to the ADC 52, which converts every input analog signal
into digital form before application to the digital signal
processing part 61.

In the digital signal processing unit 61, the digital
band-pass filter 53 acts to extract desired high—frequency
components (or communication information component) from the
introducea digitally coded signal SC. The digital low-pass
filter 55 serves to extract low—frequency components (or values
obtained by measuremenﬁg). The filtering characteristics of
the filters 53 and 55 cgn be adjusted by software. For
example, where the mo&uiated wave coptained in the signal SA

carrying the communi inn information lies in a different
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frequency 'band, the filtering characteristics can be adjusted
without modifying the hardware. The band-pass filter 53 shown
in Fig. 1 functions to extract high-frequency components, dnd
consists of a high-pass filter.

However, where plural kinds-of communication informa-
tion are trénsﬁitted unlike in the example of Fig. 1, it is
necessary to use band-pass filters for the following reason.
Where two éieces of communication inforﬁatian Yl and Y2 are
transmitte&, the information Y1 is modulated into a signal
which lies within a frequency band centered at frequency fyl,
for example. The other information Y2 is modulafed' into a
signal which lies within a frequency band centered at fpequency
fy2. Therefore, band-pass filters are needed to extract the
signals having the bands fyl and fy2, respectively.

The digital demodulator 654 demodulafes the _high—
frequency componcnts supplied from the band-pass filter 53,
resulting in_the' digitally coded signal having the waveform S1
shown in Figs. 1 and 5(a). We now describe an-example of the
demodulation operation. A zero—crossing detector (not shown)
incorporated in the demodulator 54 compares the signal
delivered from the band-pass filter 53 with zero point. Then,
FSK modulated signal is demodulated from the period during
which the zero point is crossed. The communication information
S1 demodulated in -this way_is sent to the control unit 1 via
the I/0 62 of the intecfcce 64 and via the photocoupler 65.

______,_______——-\\The measuring part 56 performs arithmetic operations on
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the digital low—frequency components supplied from the low-pass
filter 55 to obtain the value measured by the measurement.
These arithmetic operations are carried out by‘ the digital
computing unit 58. Data necessary for thé arithmetic opera-
tions and data produced during these operations can be stored
in the memory 5§9. The measuring part 56 has the table 60.
Where it iS necessary to convert data having a nonlinear
relation into a data having a linear relation, this table 60 is
referred to. For example, the relation of the thermoelectro-
motive force of the thermocouple to temperature can be placed
in this table. Temperature can be immediately reéd from the
value _of the thermoelectromotive force by referring to the
table 60. The digital computing unit 58 can perform multipli-
cation, calculation of squares, averaging, and other arithmetic
operations. These arithmetic functions can be implemented by
known techniques. For example, by using averaging function,
the average value of the low—frequency components (Al and A2 of
Fig. 4(a)) of the signal SA §ént from the transmitter 6 can be
taken. The digitally coded signal S2 indicating the value
obtained by the.measuring part 56 is transmitted to the centrol
unit 1 wvia the I/0 63 of the interface 64 and also to the
photocoupler 66.

The operation ofjthe transmitter circuit part including
the components 68, 69, 70,_78 is next described. The control
unit 1 sends the tfan;mission signal S8 and the actuator

control signal S9 to the interface 78 via the photocouplers 75
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and 76, respectively. These signals S8 and S9 are digitallyl
coded signals. The transmission signal S8 indicates informa-
tion transmitted. The control signai S9 indicates the amount
to which the aétuator 7 is controlled: As a result, the signal
S10 (shown in Fig. 1) consisting of a list of data transmitted
is sent from t.i;e I/0 73 of the interface 78 to the digital
modulator 72. This modulator 72 produces the digitally coded
signal S12 in response to the signal S10, the signal S12
indicating the amplitude of ﬁhé modulated wave. Although the
signal S12 is shown to have analog waveform, the signal is
actually a digitally coded signal representing the ;nstantane—
ous value of the amplitude of the modulated wave.

Meanwhile, the I/O 74 of the interface 78 supplies the
signal S11 to the second digital signal proceséing part 70, the
signal S11 indicating the amount to which the actﬁator 7 is
controlled. Where a digitally coded signal corresponding to a
current of 4 to 20 mA is produced as the actuator control
signal S9 by the control unit 1, the digital signal brocessing
part 70 can supply the input signal S11 directly to the adder
71 without arithmetically processing it at all. However, if
the control unit 1 produces only the signal S9 indicating the
amount, i.e., from 0% to 100%, to which the actuator 7 is
controlled, then an ariihmetic block (not shown) included in
the digital signal processing part 70 converts the signal 89

into a digitally coded signal corresponding to a signal of 4 to

26 mA.
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The digital adder 71 produces the sum of the signals

812 and S11 and delivers the signal S13 which is frequency-
division multiplexed. The DAC 69 converts every multiplexed,
digitally coded signal §S13 supplieq from the digital signal
processing part 70 into the analog ;ignal S14 which contains
two kinds of information. One kind of information indicates
the amount to which the actuator 7 is controlled, and consists
of, for ex;mple, low—frequgncy components corresponding to Al
and.AZ of Fig.'4. The other kind of information is communica-
tion information carried by the FSK modulated wave, and
consists of, for example, high—frequency components ;s shown in
Fig. 5kb).

The output circuit 68 converts this signal S14 into the
current signal SB and delivers this signal. Since the actuator
control signal S11 applied to the adder 71 corresponds to an
electrical current of 4 to 20 mA, - the output circuit 68
produces the signal SB having the waveform shown in Fig. 1. In
this signal SB, the FSK modulated wave is superimposed on the
low—frequency signal of 4 to 20 mA.

The receiving circuit 7a included in the actuator 7
receives this signal SB and activates the final controlling
element 7b with the current of 4 to 20 mA. The receiving
circuit 7a also acts t; extract the communication information
from the high—frequency components of the transmitted signal by

" demodulation, and to change the range of the actuator 7 to the
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Although the signal conditioner 50 shown in Fig. 1 is
equipped with both receiving circuit portion and transmission
circuit portion, the conditioner may have only one of them.
The signal conditioner shown in Fig: 2 is equipped with only
the'receiving-circuit portion. ‘

In the. above example, thgf ﬁultiplexed signal is
frequency-division multiplexed. Obviously, the novel signal
conditioner can transmit and receive information about values
obtained by méasurements and communication .information with a
time—divisionsmultiplexed signal (Fig. 4(b)). 1In particular,
during the period between t1 and t2 and during i£he period
between t3 and t4 of Fig. 4(b), the signal Si1 is obtaiged from
the_digital dgmodulatop'54. During the period between t2 and
t3 of Fig. 4(b), the signal S2 is obtained fromlthe measuring
part 56. In the description already made in connection with
Fig. 1, the signal applied between the terminals Pl and P2
consists of the low-frequency signal of 4 to 20 mA muitiplexed
with the modulated wave. However, where the transmitter 6
relies on a sensor consisting of a thermocouple, a feeble
thermoelectromoﬁive force is produced aé the signal SA. Where
the sensor producing the signal SA of such a feeble voltage is
connected with the signal conditioner, the control unit 1
applies an instruction ;ignal_to the signal conditiomer 50 to
disconnect the resistor R' from the input 'circuit 51, the
resistor R being uéed. for current-to-voltage conversion.

Consequently, the gain of the variable gain amplifier included
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in the input circuit 51 is switched to the higher gain (see

Fig. 21).

The analog—-to-digital converter (ADC) 52 shown in Fig.
1 is next described. Analog—-to-digital converters are broadly
classified as flash converters and as successive—approximation
converters. A flash ADC uses 2= ;omparators, and :converts
input voltage directly to'a codedjdigital value closest to the
input voltage. This type of ADC makes use of tracking analog-
to—-digital conversion. Specifically, diéita}’ codes are so

tracked that the output voltage from a reference digital-to-

analog converter is closest to the input signal.

The novel apparatus can reduce the number of kinds and
be easily fabricated. in the form of an IC, if either kind of
analog-to—-digital converter is used as the ADC 52. However, if
an oversampled analog-to—-digital converter is employed in the
signal conditioner 50Jyhich transfers signal containiné multi-
plexed communication information, then great merits can be had
as described later. Therefore, this oversampled ADC is next
described.

In recent years, in the field of process control, a
resolution on the order of 14 bits have been required in
measuring the low—-frequency components, such as Al of Fié. 4,

of less than 100 Hz sent from the transmitter 6. On the other

- hand, the frequency of the communication signal (see Fig. 4)

multiplexed with the measured components is generally of the

order of 10 KHz. It is considered that a resolution of 6 bits
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suffices to measure the communication signal, because the

contents of the communication signal can be read as long as f0
and f1 can be distinguished from each other as shown in Fig. 5.
Accordingly, an analog—to—gigital converter which
exhibits a resolution of 14 bits at 100 Hz and 6 bits at 10 KHz
is needed as the ADC 52 of the apparatus shown.in Fig. 1. Fig.
7 shows the relation of the number of converted bits, or
. resolution, to the frequency of tﬁe input signal applied to an
ADC. Nofﬁally, in an analog—-to-digital converter, the number
of converted bits has a reciprocal relation to frequency. That
is, the relation is given by line L in Fig. 7. : If an ADC
having a given design has a characteristic indicated by point
B2 in Fig. 7, then it follows that this converter can convert
analog signal of a frequency between O and £f3 with A3 bits.
Another ADC has a characteristic indicated by point B3.
Therefore, if no'measure is taken, an ADC which needs
14 bits at 10 KHz and has a characteristic indicated by point
B6, i.e., satisfies both point Bll(a resolution of 6 bits at
10 KHz) and point B5 (a resolution of 14 bits at 100 Hz), is
required. However, this ADC which needs 14 bits at 10 KHz has
a property much superior to the characteristic line L (Fig. 7)
generally obtained. If this ADC is fabricated from a flash
type converter or frem a successive approximation type
converter, then the apparatus becomes costly and large in size.
The preeent 'ieveption solves the above—described

problems, i.e., expensiveness and bulkiness, ‘'by using an
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ovérsampled ADC as the ADC 52. In summary, an oversampled ADC

provides large oversampling ratios for low-frequency signal
comppnents. Hence, analog to digital conversion can be
effected at a high accuracy. Fpr high—frequency signal
components, +the oversampling ratio. is reduced and. so the
accuracy of the analog to digital cénversion is deteriorated.
That is, in accordance with the present invention; a resolution
of 14 bits at 100 Hz and a resolution of 6 bits at 10 KHz can
be realized simultaneously with a single oversampled analog—to-—
digital converter. |

This is described in further detail. The co;figuration
of a commonplace oversampled analog—to—digital _conyerter is
shown in Fig. 3, which corresponds to the block 90 éurrounded
by the broken 1line in Fig. 1. Generally, an oversampled
analog-to-digital converter is a combigation of a Z-A modulator
52 and digital filters ‘53, 55 shown in Fig. 3, the filters.
being connected to the output of the modulator 52. In the
present specification, it is assumed that the modulator §2
corresponds to the ADC 52 shown in Fig. 1 so that the circuit
of Fig. 3 may correspond to the circuit of Fig. 1.

The operation of the circuit shown in Fig. 3 is now
described. .The output SG from the input circuit 51 shown in
Fig. 1 is applied to a' prefilter 81 shown in Fig. 3. This
filter 81 filters out tho;e frequency components which are
higher than the Nyquist' frequency, or half of the sampling

rate, to prevent foldover noise due to sampling. The output
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from the filter 81 is sampled by a switch SW2. One of the
features of the oversampled ana.lbg—to—digital converter is that
the sampling rate is set sufficiently higher than, i.e., at
least 10 times as high as, the' frequepcy of the signal obtained
from the subject that should be event;nally measured. An analog
adder 82 produﬁes the difference between the sampled input
‘'signal value and virtual, forecasted waveform produced from a
1-bit DAC 86-. An integrator 83 ini:egrates the output from the
adder 82. The output from the integrator 83 is quantized by a
compa.rator 84. The output from the comparator 84 is fed to the
1-bit DAC 86 via a 1l1-clock delay unit 85 cons1st1ng of a D
flip—flop. A block 52 indicated by the broken in Fig. 3 is
generally known as a Z—-A modulator. This modulator subjects
its input SG to sigma—-delta modulation, and produces the
modulate& signal. The signal SF .subjected to thc-;* sigma—-delta
modulation differs somewhat in sense from digital signals
obtained from a flash type or successive approximation typé
converter, but yetl,‘ the sigma—-delta modulated signal SF is
derived by converting the input signal SG into digital codes.
For this reason, it is assumed in the present specification
that the Z-A modulator 52 shown in Fig. 3 corresponds to the
ADC 52 shown in Fig. 1.

The aforementior;ed "somewhat difference in sense"” is
now described. If the ADC_ 52 shown in Fig. 1 consists of a
flash ADC or successivé a.pproximation ADC, its output signal SC

is a digitally coded signal which corresponds to the input
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signal SG in a 1:1 relation. The output signal is passed

through the band-pass filter 53 and the low-pass filter 55 to
extract high—-f requency comiaonents SD and low—frequency
components SE. On the other hand 1f an oversampled ADC is
used, the output SF from the Z-A modulator 52 shown in Fig. 3
is obtained _by subjecting the input signal SG to sigma-delta
modulation. - Thus, the output signal does not have a 1:1
relation to- the input signal SG. 'In the oversampled ADC, a
digitally coded signal corresponding to the input signal SG is
not obtained wuntil the_ sigma—-delta modulated signal SF is
passed through the digital filtefs. More specifically, the
band-pass filter 53 shown in Fig. 3 produces the digitally
coded signal SD which corresponds to the high-frequency
components of the inﬁut signal SG in a 1:1 relation, while the
low—pass filter 55 delivers the digitally coded signal SE that
corresponds to the low-frequency components in a 1:1 relation.
The band—pass filter 53 and the low—pass filter 55 shown in
Fig. 3 are the same as the counterparts shown in Fig. 1.

In brief, the siénal SD which is obtained by converting
the high—frequency components shown in Fig. 5 into 6-bit
digital codes, for example, is extracted by passing the sigma-
delta modulated signal SF through the band-pass filter 53.
Also, the signal 'SE which is obtained by converting the low-—
frequency components arisipg from a measurement into 14-bit
digital codes, for éx;mple, is extracted by passing the

modulated signal through the low—pass filter 55.,
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In particular, when the low-pass filter 55 is employed,

the low~-frequency components of 4 to 20 mA are sampled at a

large oversampling ratio and arithmetically processed.

Therefore, the quantization error is small. The digitized data
is accurate. - That is, thefaccuracy of the analog to digital
conversion, for example, a resolution of 14 bits, is determined
by the overs#mpling ratio. Therefore, the oversampling ratio
is increased as the frequency of the signal becomes lower. As
a result, the analog signal is converted into digital form at
higher resolution.

On the other hand, the output from the Z-A m;dulator 52
can also be converted into a digitally coded signal by the use
of the band—pass fiiter 53. However, the quantization error is
large, becguse thg high—frequency-signal components are sampled
af a small oversampling ratio and then arithmetically
processed. The data ,ié then converted into digital form.
Consequently, ;he accuracy of the digital data is low. Thus,
the high-frequency components are converted at an accuracy of,
for example, 6 bits. In this way, in the oversampled analog-
to—digital converter, the conversion aécuracy is 6 bits at 10
KHz such as at the point Bl for the high—-frequency components
and 14 bits at 100 Hz such as at the point B5 for the Ilow-
frequency components as ;hown in Fig. 7.

In the example desqribed thus far, an oversampled ADC
is used as the ADC -52 of the receiving circuit portion.

Similar advantages, i.e., that the requisite functions can be
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attained economically, are obtained by using an oversampled DAC
as the DAC 69 of the tfansmission circuit part. Fig. 22 shows
a commonplace oversampled digital—to—analog converter. The 2-4A
modulafor is similar in configuration to the 2-A modulator
shown in Fig. 3.

In the example described in conjunction with Figs. 1,
2, and 3, two filters are provided. More filters may be
provided to select plural kinds of information_about'freduen—
cies. 1In this case,'a high—-pass filter cannot be used as the
filter 53 as mentioned previously; a band-pass filter must be
used. In the above example, communication inf&fmation is
transferred by FSK modulation. It is to be noted that the
modulation is not limited to FSK modulation.

In the description made in connection with Figs. 1 and
2, it is assumed that the transmitter S_is connected with the
signal conditioner 50,vfa a three—1line transmiésion path. In
particular, a power supply line (not shown) is connected from
the signal conditioner 50 to the transmitter 6, in addition to
the illustrated lines 101 and 102. The power supply part of
the signal conditiomer 50 shown in Fig. 1 is omitted.

Fig. 8 shows a configuration in which the transmitter
6 is, connected via a two—line transmission path 91. The
configuration shown in ?ig. 8 is similar to the configuration
shown in Fig. 1 except thap the signal conditioner 50 and the
transmitter 6 are intérc;nnécted via the two-line transmission

path 891 and that a power supply part 92, a DC/DC converter 93,
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a control circuit_94, and a photocoupler 96 are added. It is

to be noted that in Fig. 1, the digital signal processiﬁg parts
61, 70, the interfaces 64, 78 are represented by separate
functional blocks. In Fig. 8, thqse are represented by a
single block.: .

The siénal conditioner 50 shown in Fig. 8 is now
described. Tﬁe DC/DC converter 95 convefts a DC voltagg VM
applied betweeh terminals P12 and P13 into a different value of
DC voltage Vcc, and delivers this voltage. "This converter 93
can be of thé conventional structure. For example, the
converter 93 comprises a switch SWs, a transfo}mer T, a
rectifying diode D1, a smoothing capacitor Cl, and other
components.

The control circuit 94 contrqls the amplitude of the
output voltage Vcc from the DC/DC converter 93 in response to a
signal S16 applied from the control unit 1. The control
circuit 94 receives the signal S2 ffom the digital signal
processing part 61, the signal S2 being obtained by a measure—
ment. As an example, if a short circuit occurs in the
;ransmitter 6, the signal S2 assumes an abnormal value. This
is detected, and the output vﬁltage Vee is feduced quickly to
prevent unwanted power loss.

One example of ;he method of controlling the value of
the output voltage Vcc is @escribed now. The control circuit
94 controls the ratio'of.the time for which the switch SW5 of

the DC/DC converter 93 is turned on to the time for which the
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switch is turned off as shown in Fig. 20. Consequently, the
electric power supplied to the transformer T is controlled.
The voltage developed on the secondary side of the transformer
T changes according to this ratio.

Fig. -20 shows the on state'and the off staﬁe of the
switch SW5. When the solid line goes high, the switch SW5 is
turned on., In the case of Fig. 20(a), the maximum output
voltage.Vcé is_obtained. As.thé ratio of the time for which
the switch SW5 is turned on increases, the output wvoltage Vcc
decreases. If the number of on states is controlled to a ratio
of 3/8 as shown in Fig. 20(c), then the éutput powerfis limited
to 3/8 of the full power.

The powér supply part 92 receives the constant DC

voltage Vecc from the DC/DC converter 93 and produces a voltage,

for example 24V, at its output terminal P10, the voltage being

instructed by a contrplvsignal S17 applied from the control
circuit 94. That is, the control signal S17 indicates the
output voltage (in volts) or output current (in milliamperes)
from the power supply part 92.

It is assumed that the transmitter 6 is able to carry
the value obtained by a measurement, e.g., 4 to 20 mA, on the
high—-frequency communication information as described in
connection with Fig. 4 %nd to deliver the information contain-—
ing the value.

The input ciréui£ Si has the resistor R, for example,

between the input terminal Pl and a common potential. The low-
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frequency signal of 4.to 20 mA supplied from the transmitter 6
and the high—frequency signal which is superimposed on the low-
frequency signal are converted into a voltage signal by the
resistor R. This voltage signal is amplified so as to produce
the signal SG of an appropriate amplitude by the amplifier.
The output from the amplifier is fed to the ADC 52.

In #his configuration ofﬁfig. 8, a voltage or current
is suppliea-from the power supply part 92 to the transmitter 6
via one liﬁe of the two—~line transmission path 91, while the
siénals from the transmitter 6, i.e., the value obtained by a
measurement and communication information, are furni;hed to the
input circuit 51 via the other line.

Fig. 9 shows a specific example of the power supply
part 92 and the input circuit 51 or the output circuit 68 shown
in Fig. 8. 1In Fig. 9, almost all the components are used in
common, and the switch SW3 is switched between two different
states. In one state, this configuration functions to supply
electric power to the transmitter 6. Also, it acts as the
input circuit 51 receiving the transmission signal from the
transmitter 6. In the other state, the configuration serves as
the output circuit 68 sending the output signal SB to the
actuator 7.

Referring partiéularly to Fig. 9, a transmission path
is connected with a pair of external terminals T1 and T2. An
input circuit 111 reéeives the current flowing through the

transmission path, or the current flowing between the terminals
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Tl and T2. In this example, a resistor R is connected between
the terminal T2 and a common potential. The resulting voltage'
drap is exploited to extract the received signal. This input
c;rcuit 111 corresponding to the inpup circuit 51 of Fig. 1 may
use an element other than the resisti;e element R.

A regulator 112 is desligne'd "to operate either in a
constant cuffent mode in which thé regulator produces a

constant current to the external terminalé T1 ahd T2 or in a

.constant voltage mode in ﬁhich the regulator produces a

constapt voltage to these términals. The regulator 112
consists of a transistor Ql and an amplifier U1'wﬁose output
terminal is connected with the base of the transistor Ql. The
collector of this transistor Q1 is connected with the DC
voltage Vecc, while the emitter is connected with the external
terminal T1.

A mode switching‘circuit 113 comprises a setting means
114, a signal output means l115, and a switch SW3. This
switchihg circuit 113 switches the regulator 112 bétween the
constant voltage mode and the constant current mode, depending
on the kind of the field apparatus connected with the external
terminals T1 and T2.

The setting means 114 connects the switch SW3 either to
a contact al or to a con;act a2 under the instructions from the
control wunit 1 shown in Fig. 8. Thus, the regulator 112 is
operated either in the'cénstant current modé or in the constant

voltage mode.
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The signal output means 115 may or may not apply a
signal of a given amplitude to.one input terminal (+) of the
amplifier Ul, depending on the mode set. by the setting means
114. As an example, the signal output means 115 consists of a
digital—to—analog converter.

Volfag_e;-dividing resistors- R1 and R2 are connected
between the output terminal 'Tl and the common potential. The
signal received by the resistor R of the input circuit 111
appears at a signal takeout terminal T4. A signal application
terminal T3 is_connected with one input terminal (+)_of the
amplifier Ul of the regulator 112. A signal whic; is to be
transmitted either to ‘the transmitter 6 or to the act_ua.tor 7
shown in Fig. 8 is applied to this signal application terminal
T3 from the control circuit 94.

Where the circuit of Fig. 9 is operated as the output
circuit 68 shown in Fig: 8, said signal to be transmitted is
the signal S14 that is created either from the actuator control
signal 89 delivered from the gontrol unit 1 or from the
communication information S8. In this case, the signal oﬁtput
means 115 shown in Eig. 9 acts also as the DAC 69 shown in Fig.
8. |

. Where the circuit shown in Fig. 9 is used to supply
electric power and alsé used as the input circuit 51, said
signal to be transmitted cpmprises a voltage, say 24 'V, or a
current, say 4 mA, to.be.supplied to the connected transmitter

6 to power it, together with communication information S8
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(Figs. 8 and 14) transfefred from the control unit 1 to the
transmitter 6.

The common terminal of the switch SW3 is connected with
the other input terminal (—) of the gmplifier Ul. The.contact
al is connected with the junction- of the voltage—dividing .
résistors Rl and R2. The contact a2 is connected with one end
of the resistor R of the input circuit 11. The switch SW3 is
actuated by-the setting means 114.

When the switch SW3 is connected with the contact al,
the voltage—-dividing resistor R1 acts as a feedback resistor
for the amplifier Ul. The input terminal (-) of th; amplifier
Ul is couiled to the common potential via-the'resistor R2. The
result is that the regulator 112 operates in a constant voltage
output mode in which the amplification degree is given by {1 f
({R1/R2)}.

On the other hand, when the switch SW3 is connected
with the contact a2, the regulator operates in a coﬁstant
current output mode for the following reason. -fhe two input
terminals (+) and (-) of the amplifier Ul are.substantially at
equipotential as long as the amplifier Ul operates normally.
Let e be the voltage developed between the two input terminals
(+) and (~) of the amplifier Ul. Let Vout be the output
voltage from the regulat;r 112. The following relation holds:

Vout = A - e
where A is the gain of ﬁhe open_loop in the regulator 112 and

normally 80 dB. Since the output voltage Vout is 24 V, for

_3g- THIS SHEET HAS BEEN
REPLACED




—_—
This Sheet Has Been R,

I

example, e is calculated at about 0 V from the above equation.
Therefore, if a constant voltage Ec is applied to the terminal
T3 from the control circuit 94 of Fig. 8, then this constant
vbltage is kept applied to the resistor R via the contact a2z of
the switch SW3. Thus, it follows tha£ a current givgn by Iin =
Eo/R  keeps _flowing through the resistor R. Because tﬁis
current I;n is supplied from théf"terminal T2, the constant
current I, Es fed to the transmitter connected between the
_ terminals T1 and T2. The circuit of Fig. 9 constructed in this
way operates either in a first mode or in a second mode. In
the first mode, electric power is supplied to the ;ransmitter
6, and the circuit of Fig. 9 operates as the input circuit 51
réceiving the signal transferred from the transmitter 6. In
the second mode, the circuit operates as the oﬁtput circuit 68
delivering an output signal to the actuatqr 7. These two modes
are described below sepafately.

[The first mode in which a constant voltage is supplied

to the transmitter 6, and the circuit of Fig. 9 operates as a

circuit receiving the current signal from the transmitter 6.]

Fig. 10 shows the connection establishing this first mode. The
relation of the components shown in Fig. 10 to the components
shown. in Fig. 8 is descfibed now. The external terminal T1 of
Fig. 10 corresponds té the terminal P10 of Fig. 8. The
external terminal T2 of Fig. 10 corresponds to the terminal P1
of Fig. 8. The p;rt formed by the regﬁlator 112, the

resistors R1l, R2, the switch SW3, and the mode switching
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circuit 113 shown iﬁ Fig. 10 corresponds to the power supply
part 92 of Fig. 8. The input circuit 111 of Fig. 10
corresponds to the input circuit 51 of Fig. 8.. The power
voltage Vcec shown in Fig. 10 corresands to the output voltage
Vee from the DC/DC converter 93 shown in Fig. 8.

The .trénsmitter 6 is connected between the external
terminals T1 and T2 shown in Fig. 10 via the transmission path
91 fo deliver the current signél Iin. The setting meéns 114
- connects the switch SW3 to the.contact al. Thus, the voltage
divided by the dividing resistors R1 and R2 is fed back to one
input terminal (-) of the amplifier Ul of the regtilator 112.
The regulator 112 operates in the conséant voltage output mode.
The signal output means 115 delivers a given voltage signal Vi
to the other input terminal (+) of the amplifier Ul. 1In this
way, the output voltage Vout produced between the external
terminal T1 and the , common potential is maintained at a
constant voltage, for example 24 V, corresponding to the given
voltage signal Vi by the regulator 112. That is, the output
-voltage Vout appearing at the terminal T1 is given by

Vout = Vi « {1 + (R2/R1)}

The transmitter 6 controls the current flowing through
the transmissién path 91 according to the process coﬁtrol
amount, so that a proc;ss control signal is applied to the
terminal T2. Specifically,.the process control signal, or thé
current I;,n, transmitée& via the transmission path 91 flows

through the resistor R of the input circuit 111, thus producing

THIS SHEET HAS BEEN
-41- REPLACED -




This Sheet Hag Been Replaced

LT

& voltage Eout corresponding to the process control. amount.
This signal Eout is extracted from the received signal takeout
terminal T4 and amplified so as to produce the voltage signal
sG of an appropriate amplitude by an amplifier (not shown).
The output signal from the amplifier.is supplied to the ADC 52

of Fig. 8.

[The. second mode in which'the circuit of Fig. 9 acts as

the circuit delivering a current signal to the actuator 7.

That is, the circuit operates as the output circuit 68.]

Fig. 11 shows the conﬁection establishing this second mode.
The relation of the components shown in Fig. --11 to the
components shown in Fig. 8 is described now. The external
'terniinal Tl of Fig. 11 corresponds to the terminal P5 of Fig.
8. The external terminal T2 of Fig. 11 corres_ponds to the
terminal P6'o.f Fig. 8. The part formed by the regulator 112,
the resistofs R1, R2, R, the switch SW3, and the mode switchihg
circuit 113 shown in Fig. 11 corresponds fo the output circuit
68 of Fig. 8. The signal output means 115 of Fig. 11
corresponds to the DAC 69 of Fig. 8. The power voltage Vce
shown in Fig. 11 correéponds to the output voltage Vcc from the
DC/DC converter 93 shown in Fig. 8.

. The actuator 7 is connected between the external
terminals T1 and T2 via fthe transmission path 95. The setting
means 114 connects the switqh SW3 to the contact a2. Thus, the
resistor R is conne-ct.ed.as a feedback resistor to one input

terminal (—-) of the amplifier Ul of the regulator '112. The
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regulator i12 operates in the constant cﬁrrent output mode. In
this state, a signal Vs to be transferred to the actuator 7 is
applied to the terminal T3 which is connected with the other
input terminal (+) of the amplifier Ul. Aé such, the regulator
112 controls -the output current Iout.in response to the signal
Vs, the current Iou: being fed to the actuator 7 from the
external terminal T1. This outpuf current Iout is-given by
Iout = Vs/R |

In this way, the circuit of Fig. 9 can use the same
main components, irrespective of whether the cirduit operates
in the first mode or in the second mode described.above. In
addition, the operation mode . can be switched by easily
operating the mode switching circuit 113.

In the example described above, the t&ﬁical transmitter
6 and the actuator 7 are interconnected. In the field, a
transmitter or sensor broducing a voltage signal and an
actuator actuated by the voltage signal are added to the above-
deécribed components. The circuit of Fig. 9 can cope with the
situation where these transmitter,' sensor, and actuator are
added. The operation performed under this condition is next

described.

; [The mode in which the circuit of Fig. 9 is operated as

an input circuit receiving a voltage signal delivered from a

transmitter or sensor.]

Examples of these transmitter and sensor are shown in

Fig. 19, (a) and (b). Fig. 19(a) shows the case in which a
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sensor consisting of a thermocouple is employed. The thermo-
couple appllies a voltage Vp of sever_a.l millivolts to the
external termi.nals Tl and T2 of Fig. 9. The thermocouple is
not required to be electrically powerpd. |

Fig. -iQ(b) shows the situatio.n in which a potentiometer
is used aé the -transmitter. The sliding contact of the
potentiometezl" is driven accord_ihg to the process control
amount. In -this case, it .is necessary that the potentiometer
be supplied with the constant current Iouw: (normally 4 mA)
from .the signal conditioner. As . a re-sult, the potentiometer
applies a voltage giveﬁ by Vp = rp * Iou: to tI:e external
terminals T1 and T2, where rp is:the resistance of the

. potentiometer. When this thermocouple or potentiometer is
connected with the external terminals T1 and T2, the circuit of
Fig. 9 is connected and designed as shown in Fig. 12.

First, -the opera:tion perfor_'med when the thermocouple
shown in Fig. 19(a) is connected with the external terminals T1
and T2 of Fig. 12 is described. In this case, the thermocouple
is connected with the signal cénditioner. The control circuit
1 causes the mode setting means 114 to connect the switch SW3
to the contact a2. Thus, the resistor R is connected as a
feedback resistor with- one input terminal (-) of.the amplifier
Ul of the re.gulator 11'2.? The signal output means 115 applies a
signal Vis to the other input terminal (+) of the amplifier Ul
to cut off the regul.at..or 112. Since the transistor Q1 is

biased off, no electric power is supplied from the external
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terminal T1 to the thermoéouple. In this manner, the voltage
signai Vp sent from the thermocouple of.Fig. 19(a) wvia the
transmission path 81 is taken out as the voltage Vou: from the
terminal T5 connected with the external terminal T1.
Vout = Vp « (R1 + R2)/ (R ; R1 + R2) |

The voltage Vou; appearing at the terminal T5 is amplified by a
variable gain amplifier (indicatéa by 131 in Fig. 21) and fed
to the ADC 52 shown in Fig. 8.

The operation performed when the potentiometer shown in
Fig. 19(b) is connected with the external terminals T1 and T2
shown in Fig. 12 1is next described. In this fcase, the
potentiometer is connected with the signal éonditioner;_ In the
same way as in the case in which the thermocouple is used; the
setting ﬁeans,114 connects the switch SW3 to the contact a2
under the control of thé control unit 1. The signal output
means 115 appljes the voltage Vis to the input terminal (+) of
the amplifier Ul. The value of the voltage Vis is given by
Vis = 4mA -+ R. That is, the regulator 112 operates as a
constant current source delivering an electrical current of 4
mA. In consequence, the potentiometer.applies a voltage (Vp =
rp *° 4mA) to the external terminals T1 and T2. This voltage Vp
is taken as the voltage Vou:+ from thé terminal T5 in the same
way as in the case in wh}ch the thermocouple is used.

The above—describeq voltage Vou:e taken from the

terminal T5 means the output signal Vp from the thermocouple or

potentiometer. In this manner, the circuit of Fig. 9 can
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accommodate itself to a transmitter or sensor which produces a

voltage signal such as a thermocouple or potentiometer without
the need to 'change the essential circuit configuration, by

operating the setting means 114 in a §traightfofward manner.

[The mode in which the circqit of Fig. 9 is operated as

the output circuit 68 delivering an actuator control signal of

a constant _voltage.] To actuate the actuator 7, a voltage

signal (for example, Vout = 1 to 5 V) must be applied to it.
The circuit of Fig. 9 is connected as shown in Fig. 13. The
actuator 7 which operates on the voltage signal of 1 to 5 V,
for example, is connected between the extermnal termi;als T1 and
T2 shown in Fig. 13 via the transmission path 95. In this
case, the setting means 114 connects the switch SW3 to the
contact al under the instructions from the control unit 1 shown
in Fig. 8. The voltage divided by the resistors Rl'and R2 is
fed back to the input terminal (—) of the amplifier Ul and so
the regulatof 112 operates in the constant voltage.que. Since
the voltage Vs is applied to the other input terminal (+) of
the amplifier Ul via the terminal T3, the output voltage Vout
from the regulator 112 is given by
| Vour = Vs ¢« { 1 + (R1/R2)}
That ,is, a voltage is applied to the terminal T3 of Fig. 13
from the control circuié 94 shown in Fig. 8 such that the Vgoui
above assumes a value of 5 V, for example.
In the descriﬁtién made thus fér, the assumption R <X

RA is made, where RA is the internal resistance of the aétuator

e,

-
T"]’?_) Si']E?‘"7
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7. Where this resistance R is not negligible, the voltage

signal developed between both ends of the resistor R is taken
from the terminal T4 as shown in Fig. 13 to correct the value
of th_e voltage Vs applied to the i.nput terminal (+-) of the
amplifier Ul. 1In this way, the circ.uit of Fig. 9 can treat a
voltage signal ﬁith the same circuit configuration by operating
the sétting means 114 in a straighf.forward fashion.

Fig. 14 shows an example :of the éonnection made when a
combination of a low—frequency. signal, such as a DC power_'
signal or a signal obtained by a measurement, and modulated
wave, or communication informatidn, is transferred.. through a
two—line transmission path 91. The relation of the confi.gura.—
t.ion of Fig. 14 to the configuration of Fig. 8 is described
now. .The configuration of Fig. 14 does not use the -output
circuit 68 of Fig. 8. In Fig. 14, the output S14 from the DAC
69 is fed to the power,sﬁpply part 92.

The _interconnection in t_he power sdpply part 92 shown
in Fig. 14 is described now by referring to Fig. 9. The
control circuit 94 of Fig. 14 applies a signal S17 to the
terminal T3 of Fig. 9'. The DAC 69 corresponds to the signal
output means-1l15 of Fig. 8. The interconnection shown in Fig.
'8 can be easily changed to the interconnection shown in Fig. 14
under the instructions f'rom the control unit 1. Of course, the
electrical circuit componenps shown in Fig..14 are the same as
those of Fig. 8. . |

The operation of the signal conditioner 50 shown in
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Fig. 14 is now described. It is necessary that the transmitter

6 of Fig. 14 be supplied with a constant voltage of, for
exaﬁple, 24 V, from a direct current power supply. It is
assumed that the transmipter 6 of: Fig. 14 is capable_ of
receiving communication information M1l carried by a high
frequency 6r a modulated wave superimposed on this voltage of
24 V. It is also assumed that this transmitter 6 can send a
combination of the low-frequency signal of 4 to 20 mA and the
communication informatién M2 carried by the high—-frequency
signal or modulated wave to the input circuit 51, the low-
frequency signal being obtained by a measurement. ane example
of the COmmunication information M1l sent from the signal
conditioner 50 to the transmitter 6 is . information about
instructions for modifying the measuring range of the transmit-—
ter 6. One example of the communication information M2 sent
from the transmitter. £ 6 to the signal conditioner 50 is
information indicating the measuring.range that is a response
to the aforementioned communication information M1.

In this case, the power supply part 92 of Fig. 14 is
connected as shown in Fig. 10 under the control of the control
unit 1. The regulator 112 delivers a constant DC voltage
(Vout= 24 V) from the external terminal T1. Tﬁé ;ontrol unit 1
produces the transmitteé signal S8. For exaﬁple,'it delivers
digital information M1 indicating the measuring range L1 of
fhe transmitter 6. |

The transmitted signal 88, or communication informa-
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tion, which is produced from the control unit 1 and indicates

the measuring range L1 is supplied to the digital signal
processing part 70 via the photocoupler 75 and the interface
78. The signal -is then changed .ix}to a digitally modulated
signal-SlZ_indicating the communica£ion information M1 inside
the proceséing part 70 (see Fig. 1I). The signal S12 is fed to
the DAC 69 via ?he adder 71. |

Thé DAC 69 converts the digitally modulated, digitally
coded signal into analog form, e.g., the FSK modulated wave
described . in connection with Fig.. 5. The resulting analog
signal is fed to the power supply part 82. A voltag; signal Eo
for produqing a direct current of 24 V is applied to the input
terminal (+) of the amplifier Ul of the'power supply part 92
connected as shown in Fig. 10. Also, the DAC 69, i.e., the
signal output means 115, applies a high—frequency signal (Fig.
5(b)) to the same inpﬁt terminal (+). As a result, the
con;tant DC voltage of 24 V on which the high—frequency signal
shown in Fig. 5(b) is supérimposed is supplied to the trans—
mitter 6 from the terminal P10 of Fig. 14 through the
transmission line 102.

The transmitter 6 is powered with the direct current of
24 V supplied via the transmissionlline 102. The transmitter
~demodulates the modulaéed wave superimposed on this direct
current, and sets its range'to the measuring range L1 indicated
by the communicatioﬂ ;nformation Mi1. The transmitter 6

converts &a value measured in the field into a low—frequency
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'signal of 4 to 20 mA, and applies a current I;n to the éxternal
terminal T2 shown in Fig. 10. The current I,. is obtained by
superimposing the .high—frequency signal, or modulated wave
signal, indicating the set measuring range on the low—frequency
signal. The current I,, containing ; combination of these two
kinds of signals is converted info a voltage signal by the
resistor R and appears at the terﬁinal T4. This voltage signal
is then amplified by an amplifier (not shown) and fed to the
ADC 52.

After the signal passes through the ADC 582, the
photocoupler 65 produces a high—frequency signal S5$indicating
the measuring range set by the transmitter 6. The photocoupler
66 produces a measurement signal S6 indicating the value
obtained by the transmitter 6. The operation has been
described already in detail in connection with Fig. 1.

Where the signal conditioner 50 is connected as shown
in Fig5_14,_supp1y of DC electric power, transmission of the
value obtained by a measurement, and bidirectional communica-
‘tion can be simultaneously effected by interconnecting the
control unit 1, or the signal conditioner 50, and the.trans—
mitter 6 via only the two transmission lines. Furthermore, the
configuration can be modified +to the configuration shown in
Fig. 14 without adding'electrical circuit components to the
configuration of Fig. 8. This modification can be readily made
according to the contrél'signal from the control unit 1.

It may be difficult to understand the operation of this
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. configuration, because reference must be made to both Figs. 14

and 10. Accordingly, we have created Fig. 15 from the main
portions of Figs. 14 and 10. The reason why supply of DC
electric power, transmission of tpe value obtained by a
measurement, .and bidirectional commuﬁication can be simultane-
ously effected by interconnecting the control unit 1, o? the
signal conditioner 50, and the transmitter 6 via'only the two
transmission lines is next described in greater detail by
referring to_Fig. 15.

In Fig. 15, a power supply output controller 120
receives the output signal S14 from the DAC 69 shgwn in Fig.
14, the output signal S14 being a transmitted signal of a high
frequency. The controller 120 controls, for example, the
output voltagg E from a variable DC power supply Es according
to the signal S14. The controller 120 consists of an opera-
tiénal amplifier U2, fgr'example. The signal S14 is applied to
one input terminal (-). Appiied to the other input terminal
(+) of the émplifier U2 is a Qoitage signal'Eo determining the
output voltage valug E of the power supply Es. This voltage
signal Eo is quivalent to the signal Eo applied to the
terminal T3 shown in Fig. 10.

. The variable DC power supply Es is made up of transis-
tors Q3 and Q4 whose c;ollectors are connected with a power
supply Vce and a common potential, respectively. The emitters
of the transistors Q3‘aﬂd Q4 are connected with one transmis-

sion path 91. This power supply Es is equivalent to the
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transistor Q1 shown in Fig. 10. The power voltage Vce shown in
Fig. 15 is the same as the power voltage Vecc shown in Fig. 10.

A transmission block 80 is composed of a transmitter 6
and a voltage change detector 121. ;n the transmitter 6 shown
in Figs. 1, 8, ;nd 14, the voltage change detector 121 shown iq
Fig.l 15 is not. shown. The detector 121 incorpora£es a
microprocessor, extracts the high—frequency compbnents, or
signal 814, contained in the DC voltage E applied from the
signal conditioner 50, and contrbls the transmitter 6 accogding
to the information M1 indicated by the signal 514,

The transmitter 6 delivers a low—frequency c;rrent of 4
to 20 mA according to the value measured in the field. The
voltage change detector 121 superimposes the high—-frequency .
signal, or the modulated signal, on the low—-frequency current
produced from the transmitter 6 and sends the resulting signal
back to the signal conditioner 50, fhe high-frequency signal
containing information M2 responding to the information M1
supplied from the signal conditioner 50.

A resistor R is used to éxtract the signal I,n as a
voltage signal VR, the signal I,, being transmitted via the
transmission path 91. This resistor R is equivalent to the
resisjo? R shown in Fig. 10.

The voltage VR ;btainéd by this resistor R is applied
to a low—pass filter 55 and_aléo to a band-pass filfer 53. The
low—pass filter 55 pr6dﬁces a signal SE of 4 to 20 mA, the

signal SE indicating the value obtained by a measurement. The
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) band—pdss filter 53 produces the component SD (Fig. 1) of the

high—-frequency signal. In Fig. 15, an amplifier for amplifying
the voltage.signal VR from the resistor R and the ADC 52 shown
in Figs. 1, 8, 14 are omitted.

The operation of the configu¥ation shown in Fig. 15 is
now described ﬁy referring to Fig. 16. Fig. 16(a) shows the
signal 814 shown in Fig. 15.  in. this example, the signal
varies in pbsitive and negativé directioﬁs. The operational
amplifiér U2 receives the signal S14 shown in Fig. 16(a) and
the constant voltage signal Eo, and controls the output voltage
E from the variable DC power supply Es accordihg to the
difference betweep them. In this way, the output vqltage E
delivered to the transmission path 91 from the power supply Es
changes in response to the high—-frequency signal Si4 while this
signal S14 whose voltage_amplitﬁde is indicated by Vdl is being
produced as shown in Fig. 16(b). The voltdge E delivered from
the variable DC power-supply Es can be given by

E = Eo + Vdl . (1)
The transmission block 80 wvaries the cur;ent Iin. flowing
through the transmission path 81 according to the process
control amount. The tfansmitted current I,, varies in an
analog manner within the range, for example, from 4 to 20 mA,
according to the processlcontrol amount as shown in Fig. 16(c).
This current I;, is sent tq the signal conditioner 50 via the
transmission path 91 gnd'flows into the resistor R. A voltage

signal VR as shown in Fig. 16(d) is produced across the
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resistor R by the transmitted current I,.. This voltage signal
VR can be given by
VR =R * Iin . (2)
From equations (1) and (2)% the voltage VL applied
across the transmission block 80 coﬁnected with the two-line
transmission path 91 can be given by

VL = E — VR

Eo + Vdl — R * Isn (3)
This voltage VL assumes a waveform as shown in Fig. 16(e). In
this way, the voltage VL applied to the transmission block 80
varies according to the high—-frequency signal S14. The voltage
change detector 121 included in the +transmission block 80
detects the'cﬁange in the voltage VL and extracts the high-
ffequency signal 8S14 sent froﬁ the signal conditioner 50.
Then, the information M1l indicated by this signal S14 is read,
and the transmission 6. is controlled according to the informa-—
tion M1. The voltage VL produced across the transmission block
80 is so high that a rated voltage high enough to operate the
transmission block 80 is maintained if the flowing transmission
current I,, assumes its maximum value, e.g., 20 mA.

.The high—-frequency modulated signal S20, or communica-
tion ,signal, which is transmitted from the transmission block
80 to the signal conditi;ner varies the transmitted current I.n
in positive and negative directions, for example, as shown in
Fig. 16(c). This high;f;equency signal S20 induces changes in

the voltage VR developed across the resistor R. The low—
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frequency signal, or a signal indicating the value obtained by
a measurement, which is sent from the transmission block 80 and
corresponds to the process control amount is passed through the
low-pass filter 55, thus resulting iq a signal SE shown in Fig.
16(f), where.the signal SE delivere& from the filter 55 takes

an analog waveform. In practice, however, the signal SE is a

- digitally :coded signal indicating each instantaneous value of

the ampliwfude of the analog waveform.

'The high—frequency modulated signal S20, or communica-—
tion signal, sent from the transmission block 80 is passed
through- the band-pass filter 53, whereby a signal SD shown in
Fig. 16(g) is ektracted. In Fig. 16(g), the signal SD produced
from the filter 53 is shown to assume an analog waveform. In
practice, however, it is a digitally coded signal indicating
each instantaneous value of the amplitude of the analog
waveform.

In the configuration of Fig. 15, the resistor R is
inserted in series with the two—line transmissionlr.:a.th 91 and,
therefore, the power voltage VL applied to the transmission
block 80 is reduced accordingly. In particular, the power
voltage VL applied.to the transmission block 80 is given by

. VL =E - Iin * R ' (4)
Therefore, it is necessa’ry to design the electronic circuits to
maintain normal operation if the transmission current I.n
assumes its maximum va..lu;e., for example, 20 mA. The configura-

tion of Fig. 17 solves this problem. In Fig. 17, the resistor
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R 1is connected between the output terminal and the input

terminal (-) of the amplifier U3. The input terminal (+) of
the amplifier U3 is connected with the common potential. 1In
this copfiguration, the input tefminql (=) of the amplifier U3
can be regarded as 'the 'common potelntia.l, or virtual ground
point. Thus, we have . |
VL = E

The actual control signal of 4 to 20 mA can be sent
from the contr61 unit 1 to the actuator 7 by connecting the
actuator 7 between the terminals P10 and Pl via the two-line
transmission path 95 without chaﬁging the structtire of the
signal conditioner shown in Fig. 14. At the same time,
bidirectional communication can be effected between the control
unit 1 and the actuator 7. Whére the circuit configuration of
Fig. 18 is operated, the power suppl& part 92 is connected with
the configuration shown in Fig. 11. In this case, the switch
SW3 is connected with the éontact a2, so that the power supply
part 92 opérates in the constant current output mode.

The connection of the power supply part 92 shown in
Fig. 18 is now described by referring to Fig; 11; A terminal
T3 shown in Fig. 11 is connected with a control circuit 94
shown, in Fig. 18. In this case, the signal S17 from the
control circuit 94 is 0,' i.e., 817 = 0. A DAC 69 shown in Fig.
18 corresponds to the signa} output means 115 shown in Fig. 11.
That is, only the sig_n'al‘ S14 from the signal output means 115,

or the DAC 69 of Fig. 18, is applied to the input terminal (+)
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of the amplifier Ul of Fig. 11.

As described previously, this signal Sl4lis an analog
voltage signal in which +the low-frequency voltage signal
corresponding to the current of 4 to.ZO mA is multiplexed with
the modulated high—~frequency voltaée signal indicating the
communicqtion iﬁformation M1. Thﬁs information M1 is transmit-
ted from the control unit 1 to the actuator 7. 1In Fig. 18, the
communicatfon information M1 originates from the signal S8
delivered from the control unit 1.

The regulator 112 shown in Fig. 11 operates in the
constant current output mode. Let V14lbe the voiéage of the
signal S14. The current Iout producéd from the regulator 112
is given by

Iout = V14/R
As a result, as described within Fig. 18, the power supply part
92 produces a signal in which low-freqqency current components
ia (corresponding to.4 to 20 mA) aﬁa high-frequency current
components ib (corresponding to the communiéation information)
are superimposed..

The actuator 7 is actuated with the incoming low-
frequency current components ia. The receiving circuit T7a
produces a modulated signal Vin to the terminal Pl, the signal
Vin containing informa£ion M2 about the response to the
incoming communication info?mation M1i.

This modulated'signal Vin is fed to the input circuit

51. The digital signal processing part 61 extracts the signal
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Sl'indicating the information M2 (see Fig. 1) by performing the
above—-described operation. The signal S5 indicating the infor-
mation M2 is sent to the control unit 1.

In the configuration of Fig: 18,'the signal Vin sent
from fhe actuator 7 contains only thé communication information
and so only the filter 53 of the two filtérs 53 and 55 included
in the digital signal processing part 61 operates.

Fig. 21 shows a circuit configuration similar to the
portion of the circuit configﬁration of Fig. 1 which begins
with the input terminal P1 receiving the signal SA and ends
with the outputs’ of the digital demodulator 54 ;nd. of the
digital filter 55. Thé deﬁodulator 54 delivers the communica-—
tion information S1. The output from the filter 55 is the
siénal SE indicating the.value obtained by a measuremenf. In
Fig. 1, the bandeass filter 53, which can be replaced with a
high—-pass filtei, and the low-pass filter 55 are connected in
parallel. On the other hand, in Fig. 21, two digital low-pass
filters 132 and 133 are connected in series. Even with this
configuration of Fig. 21, the low—-frequency signal SE and the
high-frequency communication information S1 can be separately
extracted.

. Referring still to Fig. 21, an input terminal Pl
corresponds .to the inpﬁt terminal Pl shown in Fig. 1. A
resistor R is connected between the input terminal P1 and the
common potential via d sﬁitch 136. This switch 136 is turned

on and off under the control of the control unit 1 of Fig. 1.
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A signal in which a low-frequency signal ea indicating the
value obtained by a measurement as shown in Fig. 22(a) and a
high-frequency communication signal eb are supefimposed is
applied to this input terminal Pl. {t is assumed that the IOWf
frequency signal ea of Fig. 22(a) anﬁ the frequency components
contained in the communication signal eb lie within a frequency
range lower:than a frequency fw shown in Fig. 23.

Normally, a variable gain amplifier 131 amplifies the
voltage developed across the resistor R to a voltage level,
e.g., 1 V, which can Be easily treated by the next stage of
electronic circuit. The amplification degree of thi; amplifier
131 is controlled by the control unit 1 of Fig. 1. |

The output from the variable gain amplifier 131 is
applied to the Z-A modulator 52, where the signal is converted
into digital form. The modulator 52 is an oversampled analog-

to—digital converter. . Since this modulator has been already

described in connection with Fig. 3, it is not described here.

The sampling frequency of the modulator 52 is kept at a given
frequepcy, for example, 1 MHz. The output from the modulator
52 is supplied to the low—-pass filter 132.

This low—pass filter 132 calculates the moving average
of the ﬁlural, for example 32, successive digital codes
produced from the Z-& modulator 52. In particulﬁr, the
modulator 52 produces digital codes, each assuming level 1 or
0, at intervals of 1 ﬁH;, or 1 usec. The low—-pass filter 132

totalizes the 32 successive digital codes and then divides the
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calculated value by 32 to coﬁpute the average value. This
series of operations is repeated for every input coded signal.
Thus, the moving average of the digital codes is calculated.

The low;pass filter 132 operating in this way exhibits
an attenuation characteristic 140 shewn in Fig. 23. The output
signal, indicated by S30, from thls filtef 132 is a_digitally
coded signal (Fig. 22(b)) containing both a low-frequency
signal ea indicating the value -obtained by a measurement and a
high—freeuency communication signal eb. |

The value of the corner frequency fw of the filter
characteristic 140 shown in Fig. 23 can be varied b; replacing
the aforementioned value "32" with a different value. This
modlflcation can be made in response to a signal from the
control unit 1. The control unit 1 can set the corner
frequency to such a value, e.g., 32, that the high—-frequency
signal eb sent to the terminal Pl is not cut by this low—pass
filter 132.

The posterior low—pass filter 133 accepts the output
data from the anterior low—pass filter 132 and calculates the
moving average of the eight, for example, successive digital
codes delivered from the front filter 132. In particular, the
posterior filter 133 totalizes the 256 (32 x 8 = 256)
successive digital codee delivered from the Z-A modulator 52
and divides the calculated value by 256. That is, the
posterior filter 133. takes the moving average of the 256

digital codes and, therefore, this filter extracts signals of
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only those frequencies which are lower than those extracted by

the front low-pass filter 132.

The posferior low—pass filter 132 which operates as
described above shows an attenuation chﬁracteristic 141 whose
.corner frgquency is indicated by fu in Fig. 23. That is, the
output signal SE from the posterior filter 132 is a digitally
coded signai as shown in Fig. 22(c) which does not contain the
high—-frequency signal eb but c;ntains only-the low—frequency
signal ea ihdicating the value derived by a measurement. The
characteristic of this posterior filter 133 can also be easily
modified by the control wunit 1, in the same ;ay as the
foregoing. As a result, the posterior low-pass filter 133
produces the low-frequency components (or a signal indicating
the value obtained by a measurement; for example, a current of
4 to ZQ mA) which are contained in the signal SA applied to the
input terminal P1. i |

Meanwhile, the high-frequency components, or the coﬁmu—
nication information, are extracted via a digital comparator
134 and a digital demodulator 135. The comparator 134 compares
the signal S30 shown in Fig. 22(b) and the signal SE shown in
Fig. 22(c). The digital comparator 134 compares the signal S30
shown in Fig. 22(b) with the signal SE shown in Fig. 22(c).
The comparator 134 préduces a signal 831 whose code value
varies whenever the signal 830 crosses the signal SE. The
signal S31 indicates fhe.period of the signal eb shown in Fig.

22(b). The digital demodulator 135 can detect the frequency'of
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the high—-frequency signal eb, i.e., can demodulate the commﬁni—

cation information S1 according to the period.

The circuit configuration shown in Fig. 21 where the
.two low-pass filters are connectgg in series yields the
following'advantages. A digital low;paés filter is simpler in
hardware structure than a digital- band-pass filter and a

digital high-pass filter and can be made up of a less number
of electronic circuit elementé' than the latter filters. That
.is, the configuration shown in.Fig; 21 permits the novel signal
conditioner to be easily fabricated in the form of an IC. In
this way, the high—-frequency communication informéiion S1 . is
extracted from the demodulator 135, whereas the low—frequency
signal SE indicating the value obtained by a measurement is
derived from the posterior low—pass filter 133.

As described thus far, the present invention yields the
following advantages.

(1) It is possible to-accoﬁmodate various transmitters
and various actuators simply by preparing a few kinds of éignal
conditioners, 6r a few kiqu of hardware.

This is now described in detail. A signal supplied
from a transmitter or sensor is converted into a voltage signal
exceeding a certain 1level by the input circuit 51. This
voltage signal is all éonverted intq digital form by the ADC
52. Therefore, a digital signal corresponding to the output
signal from the transﬁit£er or sensor is obtained from the ADC

52, irrespective of what transmitter or sensor is connected
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with the signal conditioner. Thus, the digital signal produced

by. the ADC 52 contains information indicating the value
obtained by a measurement, as well as communication informa-
tion. The digital signél processing parts 61 and 70 extract
the value obtained by a measurement‘and communication informa-
tion, by: perfprming digital arithmetic operations on the
digital signal fed from the ADC 52, the agrithmetic operations
being adapted for the kind of the connectéd transmitter. The
contents of the digital arithmetic operations performed by the
digital signal processing parts 61 and 70 can be changed by
software.

In brief, in accordance with the present invention, the
output from every transmitfer or sensor is all converted into
digital fornm. Then, digital arithmetic operations suited to
the kind of the connected transmitter or sensor are performed
on the resulting digifal signal. In this way, the valué
obtained by a measurement and the communication information are
extracted. Since the contents of +the digital arithmetic
operations can be.modified by software, the inventive signal
conditioners which are few in kind can adapt themselves to
varied transmitters and actuators.

. The power supply part 92 shown in Fig. 9 can be

’

switched to any of the various circuits of different functions

shown in Figs. 10-13 by using almost all the circuit elements
of Fig. 8 in common. This also permits the few kinds of signal

conditioners to accommodate various transmitters and actuators.
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Heretofore, the present applicant has prepared quite

numeroué kinds of signal conditioners. In accordance with the
invention, all of them can be replaced with only one kind of
hardware. Hence, the invention yielqs great advantages.

(2) .Signals can be approériately transmitted and
received whether the connected transmitter or actuator has
communication function or does not.

(3) The aﬁalog signal processing parts of the prior art
apparatus can be replaced by the digital signal processing
parts 61 and 70 of the novel apparatus. The digital signal
processing parts 61, 70, the ADC 52, and the DAC 69 ;re digital
circuits and are adapted to be easily fabricated in the form of
an IC. This enables miniaturization of the signal conditioner.

Where an oversampied ADC is used as the ADC 52 shown in
Fig. 1 and an oversampled DAC is used as the DAC 69, it is more
easy to fabricate these components in the form of an IC. This
is next described in greater detail by referring to Fig. 3. An
analog—to—digital converter kADC) is required to be eqﬁipped
with a prefilter 81 to grevent foldover noise due to sampling.
This filter 81 is made up of anﬁlog elements such as a
capacitor. Therefore, where the ADC is fabricated in the form
of ap IC, the large size of this analog prefiltef 81 poses
problems. HoweQer, in' the dyersampled system, signals are
sampled at a quite high spged and'so the prefilter 81 can be
fabricated from a smail.capacitog or the like. That is, the

oversampled'converters are adapted to be incorporated in an IC.
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(4) In the novel apparatus, both receiving circuit part
and transmitting circuit part perform digital arithmetic opera—
tions on input signals to obtain desired signals. Hence, the
contents of these digital arithmetic‘operations can be modified
by software if the input or output tonditions change. Conse-—
quently, the ndvel apﬁaratus can quickly cope with the modifi-
cations iﬁ the conditions. |

(5) In the circuits shown in Figs. 14 and 15, supply of
DC power, transmission of the values obtained by measureménts,
and bidirectional communication can be simultaneously effectea
simply by interconnecting the control unit 1, orfthe signal
conditioner 50, @and the transmitter 6 via only the two

transmission lines.
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WHAT IS CLAIMED IS:

1. 'A s_igna.l conditioner connected with a trans-
mitter via a transmission path, the signal conditioner
permitting signals to Dbe smoothly‘ tfan;mitted between the
transmitter .and a cpntrol unit,. said signal 'conditioner
comprising:

a power supply means for supplying DC electric power to
the transmitter via the transmission path;

an input circuit which receives the output signal from
the transmitter and converts it into an analog voltage signal
exceeding a given level; ”

an analog—to—digi£a1 conversion means for con§erting
the an#log voltage signal produced from the input.circuit into
a digital signal;

a first digital filter for extracting low—-speed signal
components from the digital signal;

a second digital filter for extracting high—speed
signal components from the digital signal;

a measuring part which digitally processes the
extracted ;ow—speed. éignai components to extract the values
obtained by measurements; and

\ a demodulating means which diéitally processes the
extracted high-speed siénal components to extract communication
information. |

2. The siénal conditioner of claim 1, wherein said

transmission path consists of two transmission lines.
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3. The signal conditioner of claim 2, wherein said
power supply means comprises:

a regulator capable of operating either in a constant
current mode in which the regulator sppplies a constant current
to an external terminal connectea with one of said two
transmissidn linés or in a constant voltage mode in which the
regulator supplies a constant voltage to the external terminal;

and
TN

-

a mode switching means. which switches  the regulator
betweeh the constant voltage mode and the constant current
mode, depending on the kind of thg transmitter conﬁected with
‘the external terminal.

4. A signal 'conditioner connected with a trans-
mitter via two traﬁsmission lines, the signal conditioner
permitting signals to be smoothly transmitted between the
transmitter and a cpn%rol unit, said signal conditiqner
comprising:

a power supply means which supplies a DC voltage to the
transmitter via the two transmission linés and which can vary
the DC voltage according to a high—-frequency signal containing
communication information transferred from the control unit to
the transmitter;

an input circuié which receives the output signal from
the transmitter and converys it into an analog voltage signal
exceeding a given levei;

an analog-to—-digital conversion means for converting

e
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control unit, said signal conditioner comprising:

a power supply means which supplies a DC current to the.
actuator via the two transmission lines and which can vary the
DC current according to a high—frgquency signal containing
communication information transferrea from the control unit to
the actuator;

an input circuit Which receives the signal sent from
the actuatbr and converts it into an analog signal exceeding a
given level;

an analog-to—-digital conversion means for converting
the analag signal delivered from the input circ;it into a
digital signal;

a digital filter for extracting high-speed signal
components from the digital éignal; and

a demodulating means which digitally processes the
extracted high—frequegdj signa} components to extract the
communication information transferred from the actuator to the

control unit.
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