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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 are a signal conditioner 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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such as encountered in oil refineries, petrochemcal facilities, steel

meki ng,’. paper meking, etc. 2. Description of the Prior Art I n such
i nderstrial processes, raw naterials are pro- cessed and fuels are used, and
paranmeters, such as tem perature, flowrate, pressure, liquid |level, etc,

at various locations in the plant, are neasured with sensors. Actu- ators,
such as valves, ancillary to the plant are con- trolled so that the
paraneters are held within appropri- ate ranges. This is inportant where
nmanuf act Usegpwt O0sighas nNSRd frome of trddsmitten| 6y and @nithmeticallye
such control, a control system consisting of mainly one or ‘nore conputers
has enj oyefb¥éssedCGaPt 86CEconved €. i24 fieto chs formt whishofcan ghel easily
conditioners in the control system described above. The term "signal con-
ditioner"¢isaB8Qt B9 4 €EBhtebl” LiiAl 1 ceowelilstiing Fdinly 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 signal conditioners are now described by

referring to Fig. 24. The transmitter 6 is mounted inside a
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24 shows a signal conditioner 4 for receiving signals, and anot her si gnal
conditioner 5 for transmtting sig- nals. The roles of these signal
conditioners are as fol- lows: Receiving signal conditioner 4 receives the
ouf put signal SA froma transmtter 6 and arithnetically pro- cesses it to
convert to a formwhich can be easily treated by control unit 1, consisting
mai nly of a conputer. Transmitting signal conditioner 5 converts a contro
signal fromcontrol unit 1 into a signal SB, which is adapted for |ong
di st ance tubas liotaited, imrthéalm-loe;esmt@oﬂtﬁulresﬂst&tngnaletf dxarfip L6, Mbhe
showmn in FIG 6.
transmitter 6 measures the pressure of the liquid contained in
the tube, and converts the value of the pressure into the
analog electrical signal SA. The receiving signal conditioner
4 arithmetically processes the analog signal SA introduced from
the transmitter 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 the arithmetic operations
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 receiving signal conditioner 4 arithme-—
tically processes its input 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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In the field of process control, signal SA, obtained by

nmeasurenent, and signal SB for controlling an acutator 7, are normally
used. The currents of these signals nor- mally lie in the range of from 4
to-20 mA, wherein 4 mA represents 0% and 20 mA represents 100% For exam
pl’e, when signal SA of 4 mA is produced, due to mea- surenent, it follows
that the neasured quantity, such as pressure, is 0. Wen the produced

si.gnal

SAis. .20 mA

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, tl'.le- 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 conditiorier 4 amplifies the
thermoelectromotive force introduced from the thermocoupie to
an appropriate level th;.ch 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 cond;itioner 4 to appropriately control the
process. The obtained digitally coded é‘igﬁal 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
sign"al 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 sI.10w.n in Fig. 24). 1In particular, the

transmitter 6 generally needs supply of electric power, for
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then the neasured quantity, such as pressure, gives a full scale reading of
100% If signal SB for controlling the actuator is 4 mA, then the valve is
ful¥y closed. If signal SBis 20 mA, then the valve is fully opened. The
reason 0% is represented by 4 mA, rather than O mA is to distinguish from
tthe case when transnission line is broken and produces a current of 0 mA
Generally, a signal of 4 to 20 mA can be regarded as a | ow frequency signal
whi ch varies slowy with the processed anount or with the anount to which,

t he acut #xemplecontr 34 eV, toTmwexateniteaif.si firel tomndini thinareigoal
de- scribed with reference to FIG 24. Transmtter 6 is nmounted inside a

t ube | ocateudihioherpdociessatsnt reguippeide witr thignfluae tivansof t¢becbric
nmeasures the pres- sure of a liquid contained in the tube, and converts the
val ue of pdweep; essupewenrt suppdlyog el ectrical signal SA.

The prior art signal conditioners 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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Recei ving signal conditioner 4 arithnmetically processes anal og signal SA

I ntroduced fromtransmtter 6, to convert the signal into a formwhich can
be easily treated by control unit 1. The output signal fromcondi- tioner 4
is-converted into digital formby an analog to digital converter (called
"ADC') 2 and supplied to control unit 1. Two exanpl es of the arithnmetic
operations per- formed by receiving signal conditioner 4 on the anal og

si.gnal, are as follows. Wiere transmitter 6 neasures a . ..
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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- 3- pressure, the transmtter converts the nmeasured pres- sure value
into electrical signal SA for exanple, of 4 to 20 mA Only digital coded
signals (hereinafter referred to as "digital signals") are intelligible to
control unit 1 <consisting principally of a conputer. The anal og signal,

of 4to 20 MA, is not intelligible to control unit 1. Gen- erally, a

vol tage signal of 0 to 5 V should be applied to ADC 2. If an electric
current of 4 to 20 mAis applied to ADC 2. ADC 2 cannot convert the

carrent ifhQodi gi t@bsikBEM sTBHEL .M ECRI¥hBUghl 08Ah16@NATEE ORAL ¢h AP Tat -
cally processes its input analog signal. or the current signal SA of 4 to

20 mA, 'nta.91%h\ifﬂtt1@eo§b9'&%|1dﬂs 1ohO é#nalog 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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V. - \Were transmitter 6 is a tenperature transmtter using a

t hernocoupl e sensor, it produces a thernocelec- tronotive force of several
mliivolts as signal SA. Since this force is a mnute voltage, converter 2
is.unable to convert accurately the input signal into digital form Al so,
t he anplitude of the thernoel ectronorive force does not have a |linear
relation to tenperature. and sig- nal SA does not of itself directly
regresent the tenpera- ture. Receiving signal conditioner 4 anplifies the.

t her- noel ect r onotTe eatcommodateodiesdt famsmi bterhproducdogplec signgl that
appropriate | evel which then can be oper- ated on by converter 2. Then,

si gnal SAcarride wmhdrtipletatt commuinicesdtdrare, inf ogmatdraned WMH)E@séyméng
which has a linear relation to the tenperature. This process is known as
linearizingignal 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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Control unit 1 perforns arithnmetic operations ac- cording to the nmeasured
val ue ‘'supplied thereto via receiving signal conditioner 4, to
appropriately control the process. The obtained digitally coded signal is
ap- plied to digital to analog (labelled "DAC') converter 3, where the
signal is converted into analog form The resulting analog signal is fed
to transmtting signal con- ditioner 5, which then arithnetically process
thé analog signal to convert it into transmtted signal SB of 4 to 20 nmA.

Thi s si gnahec Piitdide ast KO 1, t6UBE Aédackd i@ niumbeiantrol the flow rate
to an appropriate val ue.

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 kinds of signal conditioners, i.e., a few

kinds of hardware, to accommodate quite varied transmitters,
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REPLACEMENT SHEET . - 4 - Recei vi ng signal
conditioner 4 is equi pped with a power supply, not shown. In particular,
transnmtter 6 generally needs a supply of electric power, for exanple, of
24.volts, to be operated. Transmtting signal condi- tioner 4 is also

equi pped with electric power supply, not shown. The conventional signal
conditioners have the fol- |ow ng di sadvant ages.. 1. Many different Kkinds
of 'system subconponents nust be used. Specifically, various different kinds

of 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 when considered in connection

with the aééompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a signal conditiongr
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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transmtters mm required in order to suitably control

t he process. Fornﬁxn H@B : dwoul d be transmitters for neasuri ng

tenperature, tran measuring flow rates, and transmtters for
nmeasuring pressur ent transmtters are connected to different
locations in a pl carry| ng our the process. The val ues obtained by the

I ndi vi dual nmea- surenents are converted into their respective output
signals taking different forms, e.g. a voltage of mlli- volts, a current
of 4 to 20 mMA. an@ig.cw rignta afiddui® dDagramTofisspeeidide exampdesy oft thee
various analog sig- nals into the sane kind of signal, for exanple, a

vol t age ObowelrO suptly Spaptt 82 ishwm aiwl Pggsi Gnadmd aof thet Wmphit- cdalduit
processed as nentioned above, a plurality of re- ceiving signal

condi ti ongls showncSRERiigee] Y1 St | eghd 08; t he individual signal forns of the
outputs fromthe transmt-

Fig. 10 is a diagram similar to Fig. 9, but in which
the switch SW3 shown in Fig. 9 has been switched to the otheg
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 prodﬁcing voltage output signals;

Fig. 20 is a diaéram illustrating thé operation of the

DC/DC converter shown in Fig. 8;
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volts. A further gquires a constant current of 4 mA, etc. As a
result, the nunbe tions of various power supplies and various
out put forns becones exorbitant. Also, it is necessary that the nunber of
recei ving signal conditioners 4 be identical with the conbinations. Al so, a
cofisi der abl e nunber of different kinds of transmitting signal conditioners
5 are required toHig.pr2pariesd deddustk tdbagoainr @f sagmodifidatlicad &f Othe
control unit 1, are matched to the signal forns respectively required by

t he conneetieduddt Uaicated .aridaid i the VADEG Seshowar iar Figt he;vari ous
receiving signal conditioners 4 and the various transmtting signal condi-
tioncrs 5 nust bepmigep@Edisepatimel ¥hart of signals produced at various

ters, are requirgdd In addition, one transmtter needs a
DC power supply o lﬁH.mi ‘3 her transmtter needs a power supply of 12
||

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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2. Prioy art signal conditioners lack flexibility and cannot be easily
nodified. In the field of process con- trol, specifications are subject to
change. However, if input conditions or output conditions for a circuit

t hat

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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processes an anal og input signal are nodified, the de- sign of the circuit
must be changed or some conmponents must be replaced to accommpdat e the
nodi fication. That is, prior art signal conditioners 4 or 5 are not flexi-
ble as regards circuit nodifications. For this reason, whenever the input
conditions or output conditions are varied, dedicated hardware devices nust
be prepared. Thus, these. prior art arrangenments cannot rapidly cope with
npdlflcatlons of specifications. 3. Prior art signal conditioners are
not adapt edriable fgair calElifién 131 eshawndini Figi.t 21(1 CTheAgadin ofnddis
| arge number of conponents are involved, mniaturiza- tion cannot be

real i zed. ol riatd cinsll , ainp iddairogisi dedlermimech bas tdist ainetirugt keasufawmnt
and supplied fromtransnmitter 6 or fromcontrol unit 1, was arithnetically
processed the Gumardl taeitnput dhenrel the otpansmittdr 6 is a temperature-
measuring instrument comprising a sensor consisting of a
thermocouple,. the resistor R (Fig. 21) acting as the current-
to—voltage,convérter is disconnected from the circuit under the
instructions from the control unit 1. Then, the gain of the
variable gain amplifier 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 that a value obtained by a measurement or an actuator
control signal and communication information are multiplexed
and that the 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), time is divided into plural time slots.

For example, FSK modulated wave is transmitted during the
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signal . Al though analog I Cs which performarithnmetic operations on anal og
signals exist, input resistors, feed- back resistors, capacitors, and ot her
external conpo- nents connected thereto are needed. Thus, it is inpossi-
ble to substantially reduce the nunber of conponents. Accordlngly, few
advant ages are obtained even if they are fabricated in the formof ICs. In
this way, the prior .art signal conditioners which performarithnetic
opéra- tions on analog signals are not adopted to be manufac- tured in the
form of aperGod Wetwdé®r tar and HWI an@ndukingethe PewWiod pbe eveeat &8y apd
adapted to be transmtters or actuators having com nunication function. In

recent yeadqs, tyRee Dew-5peddi NEi@weEd ideNMBpenkmi titedsaurififs €W¢l period
actuat ors havi ng communi cation functions for providing nore adequate
process CoRltwdlen 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 conéists of a digital bahd-pass filter 53, a

digital demodulator 54, a digital 1low-pass filter 55, a
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A transmtter having comunication functions is now described. An ordinary
transmtter neasures tem perature, flowrate, pressure, liquid |evel, or
the-li ke, and converts the nmeasured quantity into a |ow fre- quency signal
of 4 to 20 mMA. Atransmtter having com nunication function carries the
I nformation, e.g. the - 6-
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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measuring range of the transmtter, sent fromthe pro- cess control

system by nodul ated wave. This nodu- |ated wave is sent to control unit 1
together with the |ow frequency by use of nultiplexing transm ssion tech-
ni que. That is, the transmtter has an intelligence func- tion. The
nmodul ati on can be effected by frequency.. nodul ati on, frequency shift keying
(referred to as "FSK"), or other nethods. To accommbdate a transmtter
producing a signal that carries nultiplexed comruni cation infornmation,

recei vi ngggsqeal fGOnlidd 0N afrBUEl yPRRAURP L WMhE 8ont#EPIUNIE0.. The
Simlarly, transmtting signal conditioner 5 nust have a nodul ator to

accomodapRokhetuble® 285 apridduesLaRablie Apt £ Wikghat I73 S in@ichiti%g
mul ti- plexed comuni cation information. As described above in heading 1,

numerous Khpdemak iSRS GPASSREOEREeN e 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 re'.ceives an actuator control signal S9 from the
control unit 1 and a transmission signal S8 and sends them: to
the actuator 7 The signal 88 indicates information trans-
mitted; whil.e the signal S8 indicating the amount to which the
actuator is controlled. The structure of this ti'a.nsmission
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 unitl 1 to the signal processing
part 70. The result isjthat data S10 and S11 shown in Fig. 1
are supplied from the inpu_ts/outputs (1/0) 73 and 74 of the
interface 78 to the. t.lligital signal processing part 70.

Although the data S10 and S11 are shown to have analog
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nmust be,provided. In addition. where conmbinations of transmtters and
actuators, each of which may or nmay not be capable of multi plexing
comyuni cation informa- tion, are taken into account, the nunber of kinds,
of signal conditioners is |large. Hence, the prior art ar- rangenents are

not suited for industrial use. SUMVARY OF THE | NVENTI ON
Accordingly, an object of the invention is to over- cone the aforenentioned
and ot her deficiencies and di sadvantages of the prior art. Anot her obj ect

is to prowsdeeSogns| thegi arendigithildly zodddwignddadinfprackbeple, one
ki nd, and are capabl e of being adapted to various transmtters and
actuators. A further selejonet dfgiﬂapreugﬁakﬂgﬁuéegandgtpam&nyaMweéeivhen
|nput or output conditions are nodified,

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 Sl1l1, is directl§ applied to the digital adder 71 without

being processed digitally at all. It is also possible to
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can be accommodated to nodification w thout having to change the hardware,

that is by sinply changing the software used therewth. A still further
object is to provide a signal conditioner whose circuit can be nostly
fabricated in the formof an IC and which reduces external conponents. A

yet further object is te provide signal conditioners which are few in kind,
such as one kind, and are capable of being adapted either to a transmtter
or- actuator which is capabl e of multiplexi ng communication infor- mation or

whi ch doe%l ttaTiltlglz-%)c(:eCs% pll Caéi(g)rqal by some 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
e K
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REPLACEMENT SHEET -7- i nformati on. Si nce
various transmtters and actuators are con- nected to signal conditioners,
it is necessary to select a signal conversion function which is suited for
the formof output signal fromthe connected transfornmer and for the form
of. input signal to the connected actuator. Sig- nal conditioners of the

I nvention have common hard- ware portions which performthe nmain functions.
The various other functions are performed and nodified by use of suitable

sof tvare. JGd&EHET VT 1RPT ot i1 IR, | ENeN Sl s6iYbmation, 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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ti oner .converts each input signal froma transmtter into digital form
Then,. various arithmetic operations are perfornmed on the resulting digital
signal to separate and extract the values and comruni cation infornmation
con- tained in the input signal, the values having been ob- tained by
measurenents. The contents of the arithmetic operations can be changed by
use of appropriate soft- ware under instructions fromthe control unit.

In accordance with the invention, it is only necessary to prepare a few

Kinds of signal " qagdh t 53BREF1ckldly,’ Send e rA=MIA %28 REDEY st Oaaﬁl\lqalue

i
m ni mum to acconmobdate a nunber Of varied transmtters, Sensors,

act uat or %btaﬁﬁé%w%ggﬁ gﬁtTHE.ER?x\éN es%ﬂr% J‘af% él?égfxlgetgi %?L%Eq

depicting an illustrative enbo I meht o i nventi on.
di agram qﬂﬁ&;f%@f‘?”ﬁhdllaUStlE)@'—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
introduced 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 contained in the signal SA

carrying the communi inn information lies in a different
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tive enbodi mrent of the invention. FIG 3 is a block diagram depicting an
anal og-to-digi- tal converter used in the enbodinents of FIGS. 1 and 2.
FIGS. 4(a) and 4(b) are waveform di agrans depicting multiplexed signals.
FIGS. 5(a) and 5(b) are diagrans depicting FSK nodul ati on.

REPLACEMENT SHEET El N
-8 - :

) 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 interface 64 and via the photocoupler 65.

______,_______——-\\The measuring part 56 performs arithmetic operations on
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FIG 6 .s a diagramdepicting a signal obtained by measur enent . FI G
7 is a diagramdepicting the rel ati on between frequency and conversion
ef ficienci es of an anal og-to- digital converter and of a

digital -to-anal og converter. FIG 8 is a block diagram depicting a
further illustra- tive enbodi nent of the invention. FIG 9is a
circuit diagramdepicting specific exam ples of the power supply part 92
of- FIG 8 and of the input circuit 51 of FIGS. 1, 2, 8. FIG 10 is a

di agram gidridfgit H&-Pre%%gs" BEBmpoWehti §\Agﬂﬂe% P S ts&et]segar

state, and depicting other nodifications. 11 1s a di agram

to FIG Sl CoNOtov Yt i Mefel | ¢R11hEN WAL - by EhE weadirdhent.
diagram simlar to FIG 11, depicting

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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various nodifications thereof. FIG 13 is a diagram simlar to FIG 10,
depicting various nodifications thereof. FIG 14 is a bl ock diagram
depicting still further illustrative enbodi nent of the invention. FI G
15.is a circuit diagramdepicting the power supply part of FIG 14, and
surrounding circuitry. FIGS. 16(a-g) are timng chart depicting signals
pro- duced at various |locations of the circuit of FIG 15. FIG 17 is a
circuit diagramdepicting a nodification of the circuit of FIG 15. FI G

18 is a bhaak 7 agfag]sdema%uw Yefnéd@t BeEnlallsUsdd ahhie syhodd "9k 4 Lﬁt}e

I nventi on. (a) and 19(b) are diagrans depicting connec- tlons

t he CerUbbdga @f&néﬁs. Fefse. ﬁ%&ﬁ%ﬁ@séﬁéhdhﬁghﬂiss#ﬂﬁﬁﬁiéﬁkéQelﬁESEﬁLLon

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 process1ng part 70 converts the signal 89

into a digitally coded 51gna1 corresponding to a s1gna1 of 4 to

20 mA.
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of the DO DC converter shown in FIG 8. FIG 21 is a block diagram
depi ct i nthisShegy HasfBeereRaplacedof the circuitry | ocated about ADC 52 of FIG '1.

FI GS. 22( m ng charts depicting signals produced at various
| ocati ons

of FIG 21. FIG 23 is a diagramdepicting the
attenuation char- "acteristics of the two lowpass filters of the circuit of
FIG 21. FIG 24 is a diagramdepicting the | ocations of signal
conditioners in a control system FIG 25 is a block diagram depicting

the conponents of 'llhrlze %@210“&3&9 71 p%’odju%esl8the 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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DETAILED DESCRIPTICN OF THE PREFERRED EMBODI MENTS
@fBeﬁKéplatkdenbodl ment FIG 1 depicts an illustrative
enbodlnent ondltloner 50 of the invention, conprising a
control tter 6, and an actuator 7, which are simlar to
t e counterpart escr ed in FIG 24. Signal conditioner 50 conbines the
functions of the analog-to- digital converter (ADC) 2, the functions of
the digital- to-analog converter (DAC) 3, the function of the re-
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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ceiving signal conditioner—4, and the function of the transmitting signal
condi ti one'ifh15$heetIHasm‘en 1@&'& are shown in FIG 24. Si gnal conditioner 50

furt her co P1, P2, P7, P8 and output term nals P3, P4, P5, P6.
Are- ce| corresponding to receiving signal conditioner
4 ‘and anal og- nverter 2 of FIG .24, is |located between input
termnals P1, P2 and output terminals P3,P4. A transmtter circuit part

correspond- ing to transmtting signal conditioner 5 and di gital -to-

e ey T

P7, P8 and But i ne, ‘not shown, s ¢
S|gnal c ndlt?ﬁg 50 to transm’tter 6 of FIG 1 to supply DC power
t her et o. t no power supply is shown in FIG 1. Actuator 7 is

owered by an el r
P y € e%h I%ﬂaf%glégﬂdlgltal 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, digital' 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 sené from the transmitter 6. On the other

- hand, the frequency of the'communication signal (see Fig. 4)
multipléxed with the ﬁe;sured components is generally of the

order of 10 KHz. It is considered that a resolution of 6 bits
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suppl ied froman output circuit 68. Wiere an output si gnal of ‘4 to0- 20

S produced such electrical current is 4.mA  The rec@&hiydheetdas

reccives the otitput signal and conmunication i nfornatl tter
6 and sends same to control unit 1. The output signal fr Eﬁﬁﬁeﬁ

| ndi cates the val ue obtained by the con- cerned rreasurerrent The recei ver

circuit part com priscs an input circuit 51 which acts to convert
current- into vol tage and to convcrt inpedance. The current can be

converted in voIt f Ol EX&R 1S bé/mﬁh?l?ni)éa@mﬁesﬁéﬁé%lThﬁeé&@@éia“ﬁ?e

conversi o & a| neof=l use of an operational anpli

par ti cul ar %ee,,l el Ogsegu " Sl acawor,snglg;hg Lo LSV L bd B as 10

tri';msmtte throu resistor converted into a
V .
ol tage, V{géﬁ%irkggrge 3igangLisgegyfao%a@é¥ﬂ(%éﬁaﬂlas 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 fr;m a successive approximation type
converter, then the apparatus becomes costly and large in size.

The present 'i#veption solves the above—described

problems, i.e., expensiveness and bulkiness, ‘'by using an
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anplifiger 131 shown in FIG 21. | - 10—
The gain of operational anplifier 131 is determ ned by i nsthisshbet BRBebd ®Placed

control unit 1. Were transmtter 6 is a tenperature measur mll”'m“lmm

conprising a
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

v/
T

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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sensor, ,such as a thernocouple, the resistor Rof FIG_2 acting as a

current-to-voltage converter, is discon- nected fromthg Cj rcwt under

i nsttructions fromcontrol unit 1. Then, the gain of the laced

anplifier is switched to a higher value by operating a s

217 In accordance with the invention, mninmmfunction i he

input circuit 51, ie. it has only an anplification function d| g| taI

signal process- ing part 61, to be described hereinbel ow, performs

ari thmeti cfppmr &leng§iltekn 8heikl Ganpsobynent swiittchs SWsLnednehaif athe

val ue obtained by measurenent or an actuator control signal and _

communi cat F@atubesr BBt the ave r¥amiplRiE srb - tdalid htautéhpep¥es $508BALt

is transmtted between a control station 10 (of FIG 24) and a process

control sygh€Msall}fl ag t irAkeXi ¥ st heuefideéntipquahedi Yhan, i.e., at
least 10 times as high as, the' frequepcy of the signal obtained
from the subject that should be eventually measured. An analog
adder 82 produces the difference between the sampled input
‘'signal value and virtual, forecasted waveform produced from a
1-bit DAC 86. An integrator 83 integrates 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
modulated signal. The signal SF subjected to the sigma—delta
modulation differs somewhat in sense from digital signals
obtained from a flash type or successive approximation typé
converter, but yet 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 ZI—-A modulator 52 shown in Fig. 3 corresponds to the
ADC 52 shown in Fig. 1.

The aforementioned "somewhat difference in sense” is

now described. If the ADC 52 shown in Fig. 1 consists of a
flash ADC or successivé approximation ADC, its output signal SC

is a digitally coded signal which corresponds to the input
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sion mult
mul tipl ex
mul ti pl ex
si gnal of
derived b

| pl exi ng, such as, shown in FIG 4(a), or tinme division

ing, such as shown in FIG 4(b). In the frequencyh t cn Replaced
ing shown in FIG 4(a), an FSK nodul ated wave and wunl
4 to 20 mA are superinposed, the | ow speed indic

y nmeasurenment. In the tine division nultiplex- ing shown in FIG

4(b), tinme is divided into a plurality of tine slots. For exanple, an FSK

nodul at ed
daring th
peri od be
nmet hod in
bi nary ze
as shown

wave is transmtted during the period between tl and t2 and

T R L LR LR B
AU Bl LG SEVEL 5o’ Rl o, POR-HASH, 08 e
'dkdiaet 3 niddlfilddudned "® LENSERLARSOT SPCAUSRSY U -3t LG IMhey
components SE. On the other hand,.if an oversampled ADC is
used, the output SF from the Z-A mot-iula.tor 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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tipl exed signals are shown. The ADC 52 converts every 1plexed anal og
signal SG supplied frominput cir- cuit 51, into a digi’ e nBe
SC. :For exanpl e, each instantaneous value of the anplitu ﬂi uﬁl e-

si zed waveform m shown in FIG 4(a) is sequentially conv
In particular, when the low-pass filter 55 is employed,

di-gitally coded signal SC by ADC 52.

the low~-frequency components of 4 to 20 mA are sampled at a
llarge 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 shown 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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Thus, digitally coded signal SC contains information, erpr—iv—“—a——_——~—__

I ndi cating val ues obtained by neasure- nents, as wel I asTmagﬁamasB@quwmwd

carried by the FSK nodu- | ated wave as shown in FIG 5(a)
si.gnal processing part 61 extracts separately the | ow spee‘élﬁ
conponent and the nodul ated signal conponent (or high spee
conponent) fromthe digitally coded signal SC. These two extracted
conponents are subjected to digital signal processing to extract t he val ues
obt ai ned sur d e t n

eigs% o) om1éa§1ﬁp épe (gl?@%in Ii ggl ses%&”%{h[ %Iv %q.ed DAC

1
exanpl e, % gnal  processl ng par RVERE

filter 53, arﬁ%%éfé‘ngsgggmti traﬂis Ssdéi%xg aéll-gu19a§§.rﬁzl.l t%‘r1 . ’22a shows

measuri ng %pa conponen

a commonplace oversampled digital—to—analog converter. The Z-A
modulat.or 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 infafmation 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 6_ is connected with the
signal conditioner 50 ,vi'a. a three—1line transmiesion 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 conditioner 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 fig. 8 is similar to the configuration
shown in Fig. 1 except that the signal conditioner 50 and the
transmitter 6 are intercennected via the two-line transmission

path 891 and that a power supply part 92, a DC/DC converter 93,
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For exanpl e, neasuring part 56 conprises a digital conputjn un a
menory 59, a table 60, and ot her conponents. Denodul ator mmh“d
infermation transmtted thereto. Measuring part 56 extract. Jl“ﬁ
obtai ned by the neasurenents. Digital signal pro- cessing" es
a-digital signal processor or the like. The characteristics and functions
of conpo- nents 53-60 can be nodified, for exanple, by use of appropriate
sof t war e. An interface 64, disposed behind digital signal pro- cessing

part 61, r£ceontsodUichicudityrod s &idandphdtbeoliplpro®BS Hry dikidd 61, Bhdis
after processing, sends signals Sl1 and S2 to control unit 1. That is,

interface f¢ patebeed thett iperafk.data taed didg vat okl tgrdodd S@ pa¥ts
data between signal processing part 61 and control unit 1 to permt data
Sl and S2 ¢p, berd ) ann¥ t faderfa@el 0625SI '@ 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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part 61 trhiduhed N BebiRdpladed FOr exanple, interface 64 receives serial data

S1 from di or 54 and converts it into parallel data S3,
which is tiuﬂmmmmad In FIG 1, only one signal line exists for each
kind of d -t only one photocoupler 65 or 66 is provided for
each kind of data S3 and S4. In practice, however, a plurality of |ines
and a plurality of photocouplers are used in conbination for each kind of

dat a.

REPLACENEI\gwﬁ_'cElllETis 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 Vee 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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- 12 - Phot ocoupl ers 65 and 66 are insul ati ng means which prevent
excessively large signals fromthe process con- trol systmﬁKMaQEEeH&eplaced

directly applied to control unit 1. Photocoupler 65 produc
signal S5 indicat- ing transmtted information. Photocoupl qiﬂﬂﬂ]ﬂmﬂmﬂm
measur enent signal S6 indicating a val ue-obtained by neasur .

apparatus further conprises a transmtter circuit part which receives an

act.uator control signal S9 from .control unit 1 and a transm ssion signal

o oo, SerEgTAEy BTN £ 05 B0ASRAGH S dd VT i oo
ContrOIIeda.nd 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

THIS SHEET HAS BEEN
-36— REPLACED




photocou- plers 75,76 transfer signals S8 and S9 fron1con

interface 78 while providing electrical insulation thereb

78 is also simlar in operation and advantage to interface 64. Interface 78
rat ches the type of data and nethod of transm ssion of data trans- ferred
fromcontrol unit 1 to a second digital signal processing part 70 to cause

data S8, 99 tenderalansi ithas fMELO] rol reBibtdrt @ IisRYnO¥ RS Vd¥Grdux t
70. The result is that data SI0 and S11 are supplied frominput- /out put

(110 cirad stermitai OTY dnlddla HomksSS poteatiall. ﬁdhbhqwhﬂqt@%

are shown to. have anal og waveforns, in practice, they are digitally coded
signals. qrefrond dkdibilted K eREPERESItHE PPELe 1PelCek¥8T .01 Fis input

The transm ssion-function part is as follows. Photocouplers 75 76 are
simlar in operation and advan- tages to photocoupl er 63; ce ﬁ‘im
ace

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 voitage 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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tally coded signals S10,S11 frominterface 78 and arith- fmgmgé
processes them Processing part 70, conpris- ing adder C|r

digirtally coded signal S11 and another digitally coded sig MMH
produces a nultiplexed, digitally coded signal S13. Digita

I ndi cates the anount (for exanple corresponding to 4 to 20 mA) to mhlch

act uat or
di gi tal

7 is to be controlled. Digital signal S12, which is generated by

nodu- lator 72 after processing signal S10, represents the am

plitude of the nodyghat %’iﬁﬂl‘abutput_ 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.

Volfage;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 actuator 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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- 13 -

-

Digital nodulator 72, which uses FSK nDduIatLon for exainé

recei ves signal S10 and produces signal S12. Although s

to take an analog form in practice, it is digitally cod

the instantaneous value of the anplitude of signal wve- |ta
adder 71 produces the sumof digital signals S12 and S11, and genera €s a
f.requency division nultiplexed signal S13. Second digital signal
processing part 70 can conprise a digital signal processor or the Iike,

in the sang Wy, a8 TideSt1 4 9igk@lns¥ NAla p}ggg,ssti,ﬂg 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
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to -anal og converter) 69 converts every mnultiplexed d|g|ta
supplied fromdigi- tal 'signal processing part 70 into an

S14. That is, DAC 69 converts digitally coded signal S13 |nto a
synt hesi zed analog waveform mshown in FIG 4(a). Anal og signhal m contains
i nformati on, corre- spondi ng to Ievels Al and A2 shown in FIG 4(a),
indi-. catin he amunt to ich.ac ntro]led,.as well as
 nf or mat i sﬁmgéa Bore % £90 "5k c8bBus) o ¥ romciRe ﬁ??‘éﬁsﬁ%ﬁ&g"sy
t he FSK npdul at ed wave. ut circuit 68 .is an analog cir
converts TBEERAPTS14 1N %P‘Eh 8Rhi Vel iAEF & ‘(%r?é?%]r’r?f? Bt Eﬁ% tsrgﬁaﬁl

S14 from DAC 69 is a voltage _signal .
T3 from the control circuit 94 of Fig. 8, then this constant

be altered, for exanple, by use of appropriate software. ,l
I

part 61. Tne characteristics and functions of conpo- nentfhsmetrmgiB igRﬁ

vbltage is kept applied to the resistor R via the contact a2z of
the switch SW3. Thus, it follows that 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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Actuator control signal S11, applied to adder 71, corré;~__*‘—?6*5_EﬁFF€ﬁF

of 4 to 20 mA. Thus, in output signal SB fromoutput cir ﬁa
nodul ated wave is superinposed on a | ow speed signal of 4
wavef orm of output signal SBis as shown in FIG 1. Are

7a, incorporated in actuator 7, receives signal SB and extracts the anDunt
(-e.g. current of 4 to 20 md) to which actuator 7 is to be controlled, to
actuate a final controlling nmeans (which may be for exanple a valve).

Récei vi ng iiiilid 723 2L8waCT 4eorig. dROEYLRLERARECT 20he | BBl BuHH 1A

I nformati on. e range of actuat O IS seée under instructions

cont ai nedyﬁg-eﬁ h%z”%}smﬁéd 'é‘fo”‘P%éO”i?%H% 29989k aghuaty i’uﬁs 10

sel ected i nstructi contain e transmtted |nfornat|o
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 Isn. 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
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- 14 - . Qperation of the FIG 1 enbodi nent | 'IﬂiE\She&l}ﬁg n of
the embodinent of FIG 1 is as follows. First, the oper at eplaced
receiver circuit part including conponents 51. 52,61 is a

novel

& 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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signal .conditioner perforns suitably, whether transmt- LRL 6 connect ed to
condi ti oner 50 has a communi cation function or not. ' fﬂgﬂmmhb
conmnected trans-  mtter has a comunication functlon

specifically, transmtter 6 converts a value ob- - tained b

into a | ow speed signal of 4 to 20 mA. The resulting |ow speed S|gna

Aul tiplexed wth an FSK nodul ated. si gnI or conmmuni cation in- formati on,
and the produced signal is delivered from the out put. As an exanple, the

conmuni. catyigh 15609 1 Aol £l pix?xtf@(c&ﬁ@ﬂéﬂtséhi‘?eﬁ% Butbadl m%.‘éd) In

| nput circuit b1 conprises resistor 21). Current “signal SA, |n

whi ch the ¢g) %n%te&tﬁ Al feds Py s FEY3U %myg,t tﬁ‘kﬁaéf’@rﬁ&&“@&' ’Eg&' Q@tﬁh%g' it o a

mai n- tai ne(} mul ti pl ‘exed, Ts _passe§ t hrough resi stor converte
vol tage Sh$$¥1ed”%bvehha%%fﬂﬁﬁﬁﬂ T8 which is connected with the other

input terminal (+) of the amplifier Ul. Aé such, the regulator
112 controls -the output current Iouw: 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

THIS SHEET HAS BEEN
-43- REPLACED -




anpl fied to an appropriate—voltage | evel by an anplifier 131 (See FIG 21)
incorporatedhkmmkﬂﬂﬂﬁkﬁﬁf&%%é 51. The anplified signal is fed to ADC 52,
I

whi ch convert ] og signal into digital .form before
application t y’,’yﬂl Imal processing part, 61. In digital signal
pFocessi ng uni ; band pass filter 53 acts to extract desired
hi gh frequency conpo- nents, or commmunication information conponents,
from digitally coded signal SC. The digital |ow pass filter 55 serves to

T2 VARG FOURETEE S Do) 01 i Y 82 el

filtering aracteristics can by use 0o

' f .2 e, wh ' '
oPor P Lo YA, Gt o FROME) Yo SO Y

conmmuni cation i nformati i es fercnt

freauency bandndi"®clbhighis 119 €T 45 St Skige PN DEndkHBLRSBUA1E®
not required to be electrically powerpd.

Fig. iQ(b) shows the situatioﬁ 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 tramnsistor Q1 is

biased off, no electric power is supplied from the external
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sof tware W t hoTHis KB kY0, ¢ e hardvvare The band pass filter 53 functions

to extract high ponents and conprises a high pass filter.
REPLACENMENT SH mnmmm ver, where a plurality of different kinds of
com

terminal T1 to the thermocouple. 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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muni cat.ion information are transmtted, unlike the em bodinent of FIG 1
it is desiraBisShes HasRBeeReptheqgass filters for the foll owing reason. Were

t wo pi eces of information Y1 and Y2 are transmtted,

i nformation Y into a signal which lies within a frequency
band centered at tTrequ yl, for exanple. The other information Y2 is
modul ated into a signal which lies wthin a frequency band centered at
frequency fy2. Thus, band-pass filters are needed to extract signals having
bands fyl_and f [espectively. Digital denmpdul at or 54 .denpdul at es t he
i an fro-e8temYAathosRERAL S ia | LERRPRRLAER Bhs R TR bF S Ee of o
digitally copded signal jhavi waveform S1 sho in FIGS. 1 and 5(a),,An
exanpi e SToREREnFIBRes, s 4T R PhOEESPERRLR ota atir iR o WLehttn,
as shown. . 0oQroy 2b8Y LRadgl 8! Yebh SAPHSTAME

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
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si gnal del
nodul at ed

is erossed. The communication information S1.denodul ated |i

to contro
phot ocoupl

I vered fromband pass filter 53 with a zero pqjnt. e S
signal is denodul ated fromthe period during | Spee Héemil?]ph“mi<

set
unit 1 via the I/Ocircuit 62 of interface 64

er 65. Measuring part 56 perfornms arithmetic operations on the

digital low frequency conponents supplied fromlow pass filter 55 to obtain
the nmeasured val ue. These arithnetic operations are carried out by digital

conput- ing. unignér®e Balie NpeesseaNcEORt He anbthmdli gilsvef | 6he 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 thg voltage Vs applied to the input terminal_(%) of the
amplifier Ul. 1In this way, the ciréuit of Fig. 9 can treat a
voltage signal ﬁith the same circuit configuration by operating
the sétting means 114 in a straighfforward 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 configura—
tion 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 jnterconnection in yhe 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. 91 The DAC 69 corresponds to the signal

output means 115 of Fig. 9. The interconnection shown in Fig.

'8 can be easily changed to the interconnection shown in Fig. 14

under the instructions from the control unit 1. Of course, the
electrical circuit components 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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Measuring part 56 also conprises table 60. Were it is

. 59.

as Bee; £q -

data having a nonlinear relation into a data having a |i L
table 60 is used. For exanple, the relationship between t :

and data produced during the operations are stored in nmenory

nocl ectronotive force of the thernocouple to the tem perature can be
pl aced in the table 60. Hence, tenpera- ture can be imedi ately read out
fromthe value of the thernoclectronotive force by referring to the table

60.

Fig. 14 is now described. It is necessary that the transmitter
6 of Fig. 14 be supplied with a constant voltage of, for

example, 24 V, from a direct current power supply. It is

assumed that the transmitter 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

the transmitter 6.

The transmitted signal 88, or communication informa-
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Digital, conputing unit 58 perforns nultiplication. cal cuI ation of

squares. averaging, and other arithnmetic operations. likﬁplaced
functions can be inple- nmented by known techni ques. For

function averagi ng, the average value of the low fre- que

Ak, A2 of FIG 4(a) of signal SA sent fromtransmtter 6 can be taken

Digitally coded signal S2, indicating the value obtained by neasuring part
56,.is transnmtted to control unit 1 via 1/Ocircuit 63 and photocoupl er

66. The Qgé{lgtg{qggc% ltshgp}%&ﬁ?é%qj WS Ciy rCU't}oR@xt(%l G H.rlaﬁ‘ldq%ndlcates

conponent s as uni 1°sénds transni Ssion

signal S8 and actuator control si SO to interface Vi coupl er
75,76, re- ?)eé'fe?‘/se‘fnn |gna?§e 9 asresaﬁpg?]tlaﬁ yq:codgg S|§ﬁ FIQL? Pgna.f

Transnlsy(ﬂbg%gngﬁgs%éryh%gteﬁémég5n1 %%cb%% er 175 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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tion. Control signal S9 indicates the anmount to which tm

be controlled. As a result, signal S10, shown in FIG 1, eﬁ)ﬁep@ced
list of transmitted data is sent froml/Ocircuit 73 to di

72.. -Mod- ulator 72 produces digitally coded signal S12 in J y@m
si’gnal S10. Signal S12 indicates the anplitude of the nodul ate

A though signal S12 is shown to have anal og waveform the signal is
actually a digi- tally coded signal representing the instantaneous value of
the anpli taigmall dhes nbsluz@tedl, Vaxe. applies a current I,n to the external
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 signgl'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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- 17 - Meanwhile 1/O circuit 74 supplies signal Sll o aced .
digital signal processing part 70. Signal S11 indi- Hes B o]
which the actuator is to be con- trolled. Were a dlglt bal
corresponding to a current of 4 to 20 mA is produced as o]
si.gnal S9 by control unit 1, digital signal processing part 70 can supply

input signal Sl1 directly to adder 71 without first arithnmetically
pt ocessi ng the same. How ever, if'control unit 1 produces only signal S9

| ndi cat | ng;&@ﬁ ¥fon! - EecL{ﬂ%@‘ Q'é)fte(}-e%@mﬁé’t WBiChade! 43 Yoth IFPigd. DEa

controlle an arlfhnetlc bl ock, not show n,

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 commuaication 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-
tianal amplifier U2, fgr'example. The signal S14 is applied to
one input terminal (-). Appiied to the other input terminal
(+) of the amplifier U2 is a Qoitage signal'Eo determining the
output voltage valua 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‘aAd Q4 are connected with one transmis-

sion path 91. This power supply Es is equivalent to the
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I ncluded in digital signal processing part 70, first 'nﬂerheevBaStB;ensR lageld SO

into a digitally coded signal correspond- ing to signa

Di gi'tal adder 71 produccs the sumof signals S12 and S

signal S13 which is frequency divi- sion nultiplexed.: converts every

nmul tipl exed, digitally coded signal S13 supplied fromdigital signal

processing part 70 into anal og signal S14 which con- tins tw types of

i nformati on. One type of information indicates the anmobunt to which actuator

7 is to bereansistor! @, shurcdIRiges,10 or Exenpower! ovltagguvoeyshown in

conponents corresponding to Al, A2 of FIG 4. The other type of information

i s communpggli 95 iisf ahERldame e ritRd giwer FSktapduvateghveneinafdg. 10.

conprises, for exanple, high frequency conponents as shown in FIG 5(b).
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, end 14, the voltage chenge detector 121 shown iq
Fig.l 15 is not. shown. The detector 121 incorpora£es a
microprocessor, extracts the high—frequency compenents, or
signal 814, contained in the DC voltage E applied from the
signal conditioner 50, and contrels 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 extract 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 ebtained by this resistor R is applied
to a low—pass filter 55 and_aleo to a band-pass filfer 53. The
low—pass filter 55 predeces a signal SE of 4 to 20 mA, the

signal SE indicating the value obtained by a measurement. The
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Qut put circuit 68 converts signal S14 into current si m

- this signal. Since actuator control signal S11 applied ThisSidetes Boby

- 18-

-
-

'
\\

corresponds to an electri- cal current of 4 to 20 nmA, ou
praduces signal SB having the waveformshown in FIG 1. ,In””,”

) 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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si gnal ;SB

si gnal of
recei ves

the FSK nodul ated wave is superinposed on I c tow frequency
4 to 20 mA. - Receiving circuit 7a. incl udﬂﬁi;ShEth&‘stBéa;%hged

signal SB and activates final controlling ele
current of 4 to 20 mA. Receiving circuit 7a also* acts H Hﬂ
communi cation information formthe high frequency conp

transmtt
act uat or

Al't hough the e odi q}

conpri.si n§

ed signal by de- nodulation, and acts to change the range of
7 of that range instructed by the communication informa- tion.
ondi t ner 5

e Wi Shettangeitied Shiane, foom STRIR wdlshee sdemedn,

t he mven%zon Is.not to

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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be considered to be so limted. For exanple, the condi: 50 coul d
just as well conprise one-of such two discussed porti I the
signal conditioner as conprising only the receiving C|r
t he foregoi ng enbodi nent, the nultiplexed signal is fr

md ti pl exed. Of course, the novel signal conditioner of the |nvent|on can

transmt and receive |nfbrnation about val ues obtained by neasure- nents
and comruni cation information with a time divi- sion nultiplexed signal

(See FIG ALbyhenty BAghialyl ¥ a W{En€ t PRAREREL2HgD AL Ide 304 2néddby
during the period between t3 and 4t4 of FIG 4(b), signal S1 is obtained

from di gi talméegaﬁat.amr whichUisNg ehte M tHL & D A { on Ao éB @tf) F
4(b), signal S2 is obtained” fromthe neasuring part 56. The signal app

between tg5p108hsnHs 280tHe pPEREEECLINVHIY GAHANEY £ PPLs&d 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 amplitude 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 éD 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 transmissionlﬁath 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 - I:n * R ' (4)
Therefore, it is necessety to design the electronic circuits to
maintain normal operation if the transmission current I.n
assumes its maximum velue, for example, 20 mA. The configura-

tion of Fig. 17 solves this problem. In Fig. 17, the resistor
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4 to 20 Jul tiple eq {th the nodul ated wave. However, where transmtter
6 relie et D h as a thernocouple, a feeble thernoel ectronotive
force isJ ' H i gnal SA. Where such sensor is connected to signa
conditio unit 1 applies an in- struction signal to signa
conditioner 50 to disconnect resistor Rfrominput circuit 51, the

resistor R being wused for current to voltage conversion. Consequently,
the gain of the variable gain anplifier included in input circuit 51 is

switched g0 §Re Bigheetedl "beteeel! Ctnel) 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 struct;re 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., S17 = 0. A DAC 69 shown in Fig.
18 corresponds to the signa} output means 115 shown in Fig. 11.
That is, only the sigﬁa1‘514 from the signal output means 115,

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

This Sheet Has BRS REgl4aéd on of Analog to Digital Converter Anal og to

{1l

verters and as successive approximation
uses 2" conparators. and converts input voltage

ﬂr d "ADC') 52 may be one of two which are broadly

i

di‘rrectly into a coded digital value closest to the. input voltage. This
type of DC namkes use of tracking analog to digital conversion.
Specifically, digital codes are so tracked that the output voltage froma

reference 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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conponen y fabricated in the formof an integatcd circuit,
al so call cially when either kind of analog to digital con-
verrer is used as ADC 52. However; if an oversanpled analog to digital
gonverter is used in signal conditioner 50 which transfers signals
containing multiplexed com nunication information, then nany ot her

advant ageg1 ahdidkdiingd this Mfdriet 16s M2 beQeBeFegnaﬁt)elby pPedFordiing the

dlglta|T&p$§ con erter s closest to the input signal. Thi s
i nventio !ﬂg gFL , i nvol ves a reduced nunber of kinds of

oversanpl ed ADC wi | |- be next described. 1In recent years, in the field of
process cgBbke-desR¥Albéd dpe¥hibh e Phéesifhallshi indiaathasn thedynred-
mesur- ing |low frequency conmponents, such as Al of FIGS. 4(A) and 4(b), -

of less tﬂﬁ@l%ﬂoMﬂz1%B@éﬁﬁ*¥8tfﬁ@5@6ﬁ£861 fnienithe other hand, the
frequency of a conmuni-cation

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
s1gna1 SE indicating the value obtained by a measurement 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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si gnal

(see FI (b)) multiplexed with the neasured conponents

Is generally of the la@8 10 KHz. It is considered that resolution of 6
Bt

bits sufflc'BBs

he comuni cation signal, because the con- tents

of the comu iﬁ can be read as long as fO and fl can be

dI’St [ ngw she

-

er‘ as shown in FIGS. 5(a) and 5(b).

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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Accordingly--an-anal og-to digital converter which exhibits a resolution of

%its at 10 KHz is desired for use as abC 52 in the

14 bi t s This SteeHasBeea
enbodi e |G 7 shows the relationship between the nunber of
converte lution, to the fre- quency of the input signa

applied to a DC. Normally, in an analog to digital converter, the nunber of
cphverted bits has a reciprocal relationship to frequency. That is, the
rel'ationship is given by line L in FIG 7. If an ADC, having a given

desi gn, hasypeel@E&4t Ydiild CopNdsated RYmpaitdt BRe rad%.lx% p%.it This

follows that this converter can convert an. anal og signal of a frequency

between(Jégykéé 8kt BpbRakiibis AP KSedled o R MY | foded 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,términal 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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I ndi cated by point BS. Thus, if no neasure is taken;
14 bits at 10 KHz and has a characteristic indicated byTﬁQg&&IﬁnghR_lae?
a

sattsfies both point Bl (a resolution of 6 bits at 10 K

resolution of 14 bits at 100 Hz), is required. However, m [MEH
ne€eds 14 bits at 10 KHz has a property much superior to t tic
| ke L (see FIG 7) generally obtained. If this ADCis fabricated froma
fl.ash type converter or froma successive approximation type converter,

t hen t he appiyathesecdaeuansidy winiichodrd Newear grhdam thase exfThacted by
I nvention solves the above nentioned problens, i.e., expensiveness and

bul ki ness, thy 85bA¢ Abwoyassariltlead 1AXC for aDC 52. In sunmary, an

over sanpl ed ADC provi des | arge oversanpling ratios for |ow fre- quency
si gnal conponents. ThHencgosteni o tlowHpghdsl 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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conversion is effected with high accuracy. For high-frequency

conponents, the oversanpling ratio is reduced and so Fhemﬁagyf"ngf*the
anafog to digital conversion is deteriorated. That :is, i t h
the invention, resolution of 14 bits at 100 Hz and res ﬂi bits
at 10 KHz can be realized sinultaneously with a single ov al og

to-digital converter, as wll be described in detail hereinafter.
REPLACEMENT SHEET '

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 elements- 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

ez THIS SHEET HAS BEEN
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in FIG 1). Cenerally, as shown in FIG 3, an oversanpl ed

con- verter is a conbination of a 2-. nodul ator 52 and di

53,55, the filters being connected to the output of nodulator 52. It is
assuned, however, that nodul ator 52 corresponds to ADC 52 of FIG 1 so that
the circuit of FIG 3 may correspond to the block 90 of FIG 1.

%gration inﬂlhetlﬂxéigrﬂ"ﬁ RsdfEiORe P PRuE| Gend @ligitall isSghall Yridiiced

-21- . FIG 3 depicts the configuration of-an overs | ed anal og t
digital converter, which corresponds to bl ock 90 (shown °eﬂ ﬁ‘gi'ﬁfg
t al
)

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 supﬁly part 92 shown in Fig. 9 can be
.switched to any of the ?#rious circuits of different functions
shown in Figs. 10-13 by usjng almost all the circuit elements
of Fig. 8 in common. fhis also permits the few kinds of signal

conditioners to accommodate various transmitters and actuators.
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the Nyqui st frequency, or half of the sanpling rate, to p

noj se due to sanpling. The output fromfilter 81 is sanpl

SW2. One of the features of the oversanpl ed anal og to digital converter S
that the sanpling rate is set to be sufficiently higher than the frequency
of -the signal obtained fromthe subject that is to be eventually mea- sured
(e.g. at l|east 10gbireRofdvel)i Jbh@s presi¥htinabpgicdatr Bds ppadpeaed hquite
di fference between the sanpled input signal value and virtual, forecasted

wavef or m prAdHeRE iigMsA o hiigmdC £ghahtabnkesanalleg sovvmIdmsd BHthABhe
integrator 83 integrates the output from adder 82. The output from

I52t Iegr ?tegi?génhgoguarﬂlﬂeéf byt hdof OF@RT BkOlreplacetiew Dth Poh 1l GHe ObiRd aber
|

hardware. Hence, the invention yields great advantages.

output SG frominput circuit 51 of FIG 1 is applied to ef
Filter 81 filters out those frequency com ponents whic Mﬂ ‘ﬁd

(2) .Signals can be appropriately 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 are 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.

Cea THIS SHEET HAS BEEN
EPLACED

3]
Ii




86 vi-a a 1-clock delay unit 85 conprising a D flip-flop. Block 52

(i ndicated by the broken lines)is generally known as a [err]-[err]
nodul at or, which subjects its input SGto sigma delta nodul ation, and
produces a nodul ated signal SF. Signal SF (which is subjected to the sigma
delta nodul ation) differs somewhat in a.sense fromdigital signals obtained
froma flash type or successive approxi mation type converter, but yet the
si g del ta nodul ated signal SF is derived by converting input signal SG

into digital codes.(4orid hilte reesen, apparatas; Bumdrbeéevanghaﬁrrchat part
[err]-[err] nDduIator 52 corresponds to ADC 52 of FIG 1.
and transmitting circuit part perform digital ar1thmet1c 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 ;onditions change. Conse-—
quently, the ndvel apﬁaratus can quickly cope with the modifi-
cations iﬁ the conditions. |
N (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 effecﬁea
simply by interconnecting the control unit 1, orfthe signal

conditioner 50, &and the transmitter 6 via only the two

transmission lines.

This Sheet Has Been Replaced.
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- 22 - . What is neant by the description somewhat differ- ence in a
sense, is that if ADC 52 of FIG 1 is conprised of a flash ADC or 4
E;e
;

successive approximtion ADC, its output signal SCis Hi t Has
signal which corre- sponds to the input signal SGin a 1 j .
odt put signal is passed through band pass filter 53 and I

55, to extract high frequency conponents SD and |ow frequency components
SE.” On the other hand, if an oversanpled ADC is used, output SF from
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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[err]-[err] nodulator 52 is obtained by subjecting input signal SGto
sigma delta nodul ati on. Thus, the output signal does. nd@wﬁawﬂﬁaBbmm&phwd

relation to input signal SG In the oversupipied ADC, a

sifgnal corre- sponding to input signal SGis not obtaine

tel ta nodul ated signal SF is passed through the digntal

specifically, band pass filter 53 produces the digitally coded S|gnal SD
whi ch corresponds to the high frequency conponents of the input signal SG
ina 1:1 relation, v#ilPhéonipaat cohdetidhegernar ad Bfinmli 9| t vhe¥einodadd

signal SE that corresponds to the | ow frequency conponents in a 1:1

rel ati onpok@id siagsl sf ikd s Scompieli soy: pass filter are the sanme as their
counterparts of FIG 1. Briefly, signal SD, which is obtained by

converting the higghrdg@DaEHSY capaBAREY S §bQMtiﬁng@th5rl it & Bbhstagdict al
codes, for exanple. is extracted by passing the

current mode in which the regulator sppplies a constant current

to an external terminal connected with one of said two
transmission lines or in a constant voltage mode in which the
regulator supplies a constant voltage to the external terminal;

and

S~

-

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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si gma del ta nodul ated signal SF through band pass fil té?“ssl&ctmkg&n

SE, .whi'¢h is obtained by convert- ing the | ow frequency |ng
frommea- surenment, into 14 bit digital codes, for exa ﬂHM[’IMa ed
by.,passing the modul ated si gnal through [ ow pass filter

particul ar, when |ow pass filter 55 is used, |ow frequency conponents of 4
te*20 mA are sanpled at a large oversanpling ratio and arithnetically
prdcessed Thus, the quantization error is small. The digitized data is
alcurate Taitiel tdvei B Cola 8@ Ys DEnhlle condlieg one rdic®nipat i Cixiyer si on, for
.exanpl e, resolution of 14 bits, is deter- mned by the oversanpling ratio.
Thus, the over sama phéowWer ' 8tibp1SmeBhEE #BEGHASUDIA fdL W DT Yewirdiie 66 Othé

beconmes lower. As a result, the analog signal is con- verted into digital
format higdQiateSoVihi 8Re two transmission lines and which can vary the
DC cuerent according to a high—frequency signal containing
communication information transferrea from the control unit to
the actuator;

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

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

a digital filter for extracting high-speed signal
components from the digital eignal; 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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REPLACEMENT SHEET - 23- BS for the | ow freguency conponents such as
shown ‘n FIG 7. In this enbodi nent, an oversanpled ADC is used as

ABSTRACT OF THE DISCLOSURE

A signal conditioner equipped with a receiving part, a
transmitting part, and a power.supply part. The main functions
of these parts are digitized. Commoq circuit elements are used
for different functions. Signal coﬁditioners of a few kinds,

each of which is a piece of hardware, can accommodate various

" transmitters and actuators.
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the ADG 52 of the receiving circuit portion. Simlar advantages, such as
that-the requisite functions can be attained economcally, are attained by
usihg an over:. sanpled DAC, as the DAC 69 of the transmission cir- cuit
pait of FIG 1s FIG 22 shows a common oversam pled digital to anal og
converter. The [err]O[err] nodulator is simlar in configuration to the

[etr]-[err] nodul ator S¥D in FIG . - In the enbodinents of FIGS. 1,
2, 3, two filters are ”ﬁovi ded. Mor@.filter$ may gl so be provided to
select a plurality ofgqi-; eren of i nformtgd about fre- quencies.
In this case, a high I t be used afy TyYher 53 as previously
nmenti oned. A band pass [I_D I t used. In th@le dijrent,
comuni cation infor- m&%oegifs]t ang erred by FSKipodul at . It is to be
noted, however, that th& @Jﬂul at]i B not limted® o,
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FSK ¥odul ati on: In the enbodinents of FIGS. 1 and 2, it is assumed that
transmtter 6 is connected to signal conditioner 50 via a three |line
transm ssion path. In particular, a power supply, not shown, is connected
from signal coenditioner 50 to tyBnsmitter 6, in agldition to the illustrated
lines 101 and 1Q2—The—power y—part—of- st-gratl—eendi - tioner 50
shown in FIG 1jhas been onittled. Transmitter ponnected.via two |ine
transm ssi on pa’qh FIG 8,shgqws a configuratipn in which|the transmt- ter

6 is connected gia a two ne transm ssion p P1. The epbodi ment of FIG
8 is simlar to;the %oodirrent_ of FIG 1 excpp&G'p\hgt signal conditioner 50
and transmt- tjr 6 e interconnected viat transmi ssion part 91

and that there dre algajadded a power supplypparl 92, a DC converter 93,

a control circuilt 94, ®amd a
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photocoupler 96. In FIG 1, digital signal proce55|ng part 61,70 and
i hterfaces 64,78 are each represented as conprising separate functional
bl’ocks, whereas in FIG 8 these parts are each represented as conprising a

si‘ngl e bl ock. - 24 -
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I n tfe. enbodi ment of FIG 8, DC/DC converter 93 converts a DC voltage VM
appli ed between termnals P12 and P13 into a different value of DC voltage
Vcc, and delivers this voltage. Converter 93 can be of a con- ventional
structure. For exanple, converter 93 com priscs a switch SW. a
transforner T, a rectifying diode D1, a snoothing capacitor Cl, and ot her
cohponent s. Control circuit 94 controls the anplitude of optput voltage
Vcc from DO/ DC converter 93 in response to a signal S16 applied from
control unit 1. Control circuitJQE r eiyg_ S2 fromdigital signal
processing part 61, signal S2 bdi J Zﬁ edﬁgapﬁeasurecent. As an exanpl e,
If a short circuit occurs in transn1tter 6, signal S2 assumes an abnor nal

value. This is detected, b Vcc is reduced quickly to
prevent un- wanted power

Al

Fig.5 (b) |
l l lnliH.l l ’l ‘ l II;]
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The .val ue of the output voltage Vcc is controlled as fol I ows. Contr ol
cuewt 94 controls the ratio of the tine, for which swtch SWo of DC/ DC
cenverter 93 is turned ON, to the tine, for which SWb is turned OFF, as
shown in FIGS. 20(a)-20(d). Consequently, electric power supplied to
transfornmer T of converter 93 is controlled. Voltage devel oped on the
secondary side of transfornmer T changes according to this ratio. FI GS.
20(a)-20(d) show the ON and OFF states of switch SWs. Wen the solid line
goes high, switch SWo is turned ON. In the case of full power, see FIG _
20(a), maxi num out put voltage Vcc is o lgil the ratio of the tine for
which switch SWb is turned ON in- creases td vol tage Vdc decreases. |If
the nunber of ON stares is controlled to a ratio of, ‘as shown in FIG
20(c), then the output power is limted to 1 of full
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power.., The power supply part 92 of FIG 8 receives constant DC voltage
Vee=from DC/ DC converter 93 and pro- duces a voltage, for exanple 24 V, at
i t*'s output term nal P10. The produced voltage is instructed by a control
si‘gnal S17 applied fromcontrol i (guit 94. That is con- trol si gnal S17

i ndi cates thecputput voltage, in vé&Bts, or out put current, in mllianperes,
from power suEply part 92. ‘é’m i
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- 25- It is assuned that transnitter 6 is able to carry the val ue
obtai ned by neasurenent, e.g. 4 to 20 mA, on the high frequency

conmmuni cation information as de- scribed in connection with FIG 4, and to
deliver the information containing the val ue. I nput circuit 51 has a
resistor R for exanple, between input term nal Pl and -a conmon potential .
The | ow frequency signal of 4 to 20 mA supplied fromtransnit- ter 6 and

t he high frequency signal, which is superim posed on the | ow frequency
signal, are converted into a voltage signal by resistor R This voltage
signal is am plified by an anplifier of input circuit 51 so as to pro-
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ducessj gnal SG of an appropriate anplitude . The out- put fromthe
anpkifier of input circuit 51 is fed to ADC 52. . In the enbodi nent of FIG
8, a voltage or current is supplied frompower supply part 92 to
transmtter 6 via one line of the two line transm ssion path 91, while
signals fromtransmtter 6, i.3, the value obtai'ned by neasurenent and
cdmuni cation information are&up- plied to input circuit 51 via the other
| ine. Description of power su@ly, input or output circuit

conponent s FIG 9 shows a spgcific exanple of power supply part 92 and

I nput circuit 51 or output ci r;glﬂ’ 68 shown in FIG 8. In FIG 9 alnost all .
of the conponents are used in™®o d sw B is switched between two
different states. I[bone state, the odi nent functions
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to supply electric power to transmtter 6. Also, it acts as input circuit
51~rece|V|ng the transm ssion signal fromtransmtter 6. In the other

state, the circuit acts as out- put circuit 68, sending output signal SB to
actuator 7. A transm ssion path is connected to a pair of external
termnals T1 and-T2. An input circuit 111 receives cur- rent flow ng

t hrough the transmission path, or current flowi ng between the termnals Tl
and T2. In this exam ple, aresistor Ris connected between termnal T2
and common. The resulting volxpage drop is exploited to extract the received
signal . Input circuit 111, wfch corresponds to input circuit 51 of FIG 1,

may use an cl enent ot her thargL’esi stor R
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.REPLACEMENT SHEET -26 - A regulator 112 is
designed to operate either in a constant current node, in which case
reqgul ator 112 produces a constant current which is applied to external
termnals T1,T2; or in a constant voltage node, -in which case, regul ator
112 produces a constant voltage which is applied to termnals T1, T2.
Regul ator 112 conprises a transistor QL and an anplifier Ul whose out put

termnal is connected to the base of transistor QL. The collector of the
transistor QL is connected to
A\
1
. I|<
O ©
<
4 52l
On ea o
. ~+Q
] ®
| <YM S
! H A
— = _ R 2 5
. / VW
o= e
S " T
O .r_--—~— )9 ————
_—" 1
o (@]
= a | . .
. 1 A\C _—
g0 1.0
N ﬁn
E | - _ N 1
o <
< = 4} o =
oM
. =
1
S i fglle g °
B I 5] 5 o
ELZQ_ o
= @ P -
5 Q
o7 sO
8% | 3 |lPS
O u a o] 1
W0 > c
2= N —
55
= = =
> EaN 0}
«Q

This Sheet Has Been Replaced | WE\;{EET :
- ! HAS BE
AR Fece)




DC vol't,age Vcc, while the emtter thereof is connected to external term na
T1.. +* A node switching circuit 113 conprises a setting neans 114, a signal
ouf put nmeans 115, and a switch SW3. Switching circuit 113 switches

regul ator 112 between.the constant voltage node and the constant current
node, depending on the kind of field apparatus con- nected to external
termnals T1, T2. Setting neans 114 connects switch SWB either to contact
al or to contact a2, under instrugkions fromcontrol unit 1, shown in FIG
8. Thus, regulator 112 is operatngeither in the constant current node or

I n the constant voltage node. SigmdN outgdut neans. 115 may or may not
apply a signal "of a given anplitu&% I nput termnal ([err]) of

anplifier Ul, depending on the nnd@ jset bylsetting
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means-+114. As an exanpl e, signal output neans 115 conprises a digital to
anal og converter. Voltage dividing resistors RL and R2 are connect ed
between output term nal T1 and the conmon. The sig- nal received by
resistor Rof input circuit 1Ii appears at siga take out terminal T4. A
signal application term - nal g@<.s_c ed to one input termnal ([err])
of *anpli- fier U of regul atorm112. ch is to be trans- mtted
either to transnitter 6 or to Rctuafor. 7 S ovvn ih FIG 8, is applied to

si gnal appllcatlon terminal T¥Efro @4,  \Where the circuit
of FIG 9 is operated as outpd® cir¢ui® 68 shown{in FIG 8, the signal to
be transmited is signal- S14 that i erated el{I@r from actuator con-
trol signal S9 delivered fromcantr@l |uni@ 1 or {reom comuni cation

information S8. In this case, si ut - 1
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put peans 115 shown in FIG 9 acts also as DAC 69 shown in FIG 8.
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signal to be transmitted.conprises a voltage, say 24 V, or a current, say 4
mA,. ,t0 be supplied to connected transmitter 6 to provide power thereto
toget her with communication information S8 (FIG 8,14) transferred from
cohntrol unit 1 to transmtter 6. The common terminal of switch SW3 is
connected to the other (-) input termnal of anplifier UlL. Contact al is
connected to the junction of voltage dividing resistor RlL,R2. Contact a2 is
connected to one end of resistor Rof input circuit 11. Switch SWB is
actuated by setting neans 114. When switch SWB is connected to contact
al, volt- age dividing resistor Rl acts as a feedback resistor for .

anplifier UL Input termnal (-) of anpldfi gﬁg@j! t he common
via resistor R2. The resul ted Q 'rhaf rrmlﬁ‘lgfﬁvlAJ -E-r\ §§Idr? st ant

voltage out put Transmisslon” Transmls fon
of Signal S14 of Signal S20
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node..i n which the anpllflcatlon degree is given by (1 +RI/R2). On the

ot her hand, when switch SWB is connected to contact a2, regul ator 112
operates in a constant current output node for the follomﬁng reason. The
two input termnals (-) and (-) of anplifier Ul are substantially at

equi potential as long as anplifier Ul operates nor- mally. Let e be the
vol t age devel oped between the twp .npat termnals ( +) and (-) of anplifier

Ul. Let Vout be the output voltape f regulator 112. Then, the follow ng
rel ati on hol ds: [err] whej egp Eﬂe gain in the open loop in
regulator 112 and is nornally 80jd& 2Si fice—out put voltage Vout is 24
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>

fort exanpl e,

e is calculated at about 0 V fromthe above equati on.

m nal

\

if a constant voltage Eo is applied to ter-

Ther ef or e,
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consbabt voltage is kept applied to resistor Rvia contact a2 of swtch
SWB..~Thus, it follows that a current given by |in=Eo/R keeps flow ng

t hrough resistor R Be- cause current lin is supplied fromtermnal T2,
constant current linis fed to the transmitter connected between
termnals T1 and T2. The circuit of FIG 9 operates either in a first
node or -in a second node, to be described hereinbelowin greater derail.
In.the first node, electric power is sup- plied to transmtter 6, and the
circuit- of FIG 9 operates as input circuit 51 receiving the signal
transferred from transmtter 6. In the second node, the FIG 9 circuit
operates as output circuit 68 delivering an output signal to actuator 7.
These two nodes are described separately hereinbel ow. FI RST MODE. In
thi's node, a constant voltage is

Fig.19( Fig.19
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suppli’ed to transmitter 6, and the FIG 9 circuit oper- ates as a circuit
receivVing current signals fromtransnit- ter 6. FIG 10 shows the
connection for establishing the first node. The relation between the .
conmponents of FIG 10 and those of FIG 8, is as follows. External term nal
T1 of FHIG 10 corresponds term nal P10 of- FIG 8. External termnal T2
of FIG 10 corresponds to tghal Pl of FIG 8. The part fornmed by

regul ator 112, the resistors *R2 , switch SWB, and node switching circuit
113 shown.in FIG 10 corré8pohds to power supply part 92 of FIG 8. Input
circuit 111 of FI 0. corresponds to input circuit 51 of FIG 8. Power

vol t age Vcc of F@V@'We_s')onds to out put voltage vcc from DC/ DC
converter 93 of FIG~8. :
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-29- Transnitter 6 i s connected between external termj- nals T1,T2
of :FFG. 10, via transmission path 91, to deliver current signal Iin.
Setting means 114 connects switch SWB to contact al. Thus, voltage divided
by dividing resistors RL,R2 is fed back to one input term- nal (-) of
anplifier UL of regulator 112. Regulator 112 operates in the constant

vol t age out put node. Signal

Fig.22(a)
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out pdt neans 115 delivers a given voltage signal Vi to the other input
tefminal (+) of anplifier U. In this manner. output voltage Vout produced
between exter- nal términal Tl and common is mmintained by regulator 112
at a constant voltage, for exanple 24 , corre- sponding to given voltage
signal vi. That is, output voltage Vout appearing at termnal Tl is given
by [err] Transmtter 6 controls current flow ng through trans- m ssion
path 91 according to the process control anpbunt, so that a process control
signal is applied to term nal T2. Specifical2§, t he process control signal
t

or current lin, transmtted via tEﬁnt ' S;ET ath 91 flows through resistor-
R of input circuit 111, thus produci 3;3- ge Eout corresponding to the
process control .
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o S 908778 - K
anount. Signal Eout is extracted fromtakeout termnal T4 and anpligﬁﬁg-so
as to produce the voltage signal :SG of, an appropriate anplitude by 7
anplifier, not shown, of the input-circuit 51. The output signal fromthe
amr plifier of the input circuit 51 is,supplied to ADC 52 of FIG 8.
SECOND MODE. In this node, the FIG 9 %ircuit acts as a circuit which

delivers a current signal to - er words, the circuit
o PR |

operates as output. circuit 68. e connection for

establishing the second nogggTRAST SFaimd YRPUEREe conponents of

A signal conditioner equipped with a receiving part, a

transmitting part, and a power.supply part. The main functions
of these parts are digitized. Commoq circuit elements are used
for different functions. Signal coﬁditidners of a few kinds,
each of which is a piece of hardware, can accommodate various

transm1tters and actuators.

FIGURE 1
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- 30 - FIG 11 and those of FIG 8 is as follows. External terﬁi%é?&r%%g'

of FIG 11 .corresponds to termnal PS of FIG 8. External termnal T2 Phég
FIG 11! corresponds to termnal P6 of FIG 8. The part forned by regulator .
112, re§i tors Rl, R2, R switch SWB, and the nbde swtching circuit 113,
shown in FIG 11, corresponds to out puj Circuit 68 of FIG 8. Signal

out put nmean 115 of FIG 11 corresponds'to DAC 69 of FIG 8. Power

SIGNAL CONDITIONER

BACKGROUND OF THE INVENTION

1. Field of Invention

This invention relates to a signal conditioner used for
a control apparatus which coatrols industrial processes,
such as encountered in oil refineries, petrochemical
facilities, steel making, paper making, etc.

2. Description of the Prior Art

In such industrial processes, raw materials are pro-
cessed and fuels are used, and parameters, such as tem-
perature, flow rate, pressure, liquid level, etc, at vanous
locations in the plant, are measured with sensors. Actu-
ators, such as valves, ancillary to the plant are con-
trolied so that the parameters are held within appropri-
ate ranges. This is important where manufactured prod-
ucts need to be of uniform quality. In order to provide
such control, a control system consisting of mainly one
or more computers has enjoyed wide acceptance.

FIG. 24 depicts locations of signal conditioners in the
control system described above. The term “signal con-
ditioner” is another term for “signal converter”. FIG.
24 shows a signal conditioner 4 for receiving signals,
and another signal conditioner § for transmitting sig-
nals. The roles of these signal conditioners are as fol-

- lows: Receiving signal conditioner 4 receives the output

signal SA from a transmitter 6 and arithmetically pro-
cesses it to convert to a form which can be easily treated
by control unit 1, consisting mainly of a2 computer.
Transmitting signal conditioner § converts a control
signal from control unit 1 into a signal SB, which is
adapted for long distance transmission, for example,
into a current signal of 4 to 20 mA shown in FIG. 6.

REPLACEMENT SHEET
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vol tage Vcc, shown in FIG 11, corresponds to output voltage Vcc from

DC/ DC converter 93,
external term nals

nects switch SWB to contact a2. Thus, resistor Ris connected as a
feedback resistor to one input term ngk_ (-) of anplifier Ul of regul ator

112. Regul ator 112

operates in the co
state, a signal Vs to be transferred to acuator 7 is ap-

13 which is connected to the other input termnal (+) of anplifier
such, regulator 112 controls output current lout in response to signal
Vs, current lout being fed to actuator 7 fromexternal termnal T1.

current lout is given by

»

In the field of process control, signal SA, obtained by
measur=ment, and signal SB for controlling an acutator
7, are normally used. The currents of these signals nor-
mally lic in the range of from 4 to 20 mA, wherein 4 mA
represents 0%, and 20 mA represents 1009%. For exam-
ple, when signal SA of 4 mA is prcduced, due to mea-
surement, it follows that the measured quantity, such as
pressure, is 0. When the produced signal SA 1s 20 mA,
then the measured quantity, such as pressure, gives a
full scale reading of 100%. If signal SB for controlling
the actuator is 4 mA, then the valve is fully closed. If
signal SB is 20 mA, then the valve is fully opened. The
reason 0% is represented by 4 mA, rather than 0 mA is

to distinguish from the case when transmission line is-

broken and produces a current of 0 mA. Generally, a
signal of 4 to 20 mA can be regarded as a low frequency
signal which varies slowly with the processed amount
or with the amount to which the acutator is controlled.

The conventional signal conditions are now de-
scribed with reference to FIG. 24. Transmitter 6 is
mounted inside a tube located in the process control
system. For example, transmitter 6 measures the pres-
sure of a liquid contained in the tube, and converts the
value of the pressure into analog electrical signal SA.
Receiving signal conditioner 4 arithmetically processes
analog signal SA, introduced from transmitter 6, to

‘convert the signal into a form which can be easily.

treated by control unit 1. The output signal from condi-
tioner 4 is converted into digital form by an analog to
digital converter (called “ADC”) 2 and supplied to
control unit 1.

Two examples of the arithmetic operations per-
formed by recsiving signal conditioner 4 on the analog
signal, are as follows. Where transmitter 6 measures a

shown Ln FIG 8. Actuator 7 is connected between
T1, T2 via transm ssion path 95. Setting nmeans 114 con-

stant current output node. In this
plied to term nal
Ul. As

CQut put
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[err] In this manner, the circuit of FIG 9 can use the sane main
conponents, irrespective of whether the circuit operates in the above
described first node or second node. In addition, the operational node can
be switched by operating node switching circuit 113. In the above

enbodi nent, the typical transmtter 6 d actuator 7 are interconnected. In
the field, a trans- muter or sensor producing a voltage signal and an
actu- ator actuated by the voltage signal are added to the above

tCﬁrrponent s. The ci rgréstusd, Ei@tr&ﬁrﬁftté@%@d%r@gnﬁc\ﬂfd&hshhedsptuat i onf wherg
under this conal t  djtes Hig P b AIGICNBR, Bok Tor uitnBRGEA 88 Py F
this mode, the FI G2®mi: Qnly digital coded signals (hereinifter reterred
to as “digital signals’’) arc intelligible to coantrol umt 1
consisting principally of a computer. The analog signal,
of 4 to 20 MA, is not intelligible to control unit 1. Gen-
erally, a vaoltage signal of 0 to 5 V should be applied to
ADC 2. If an electric current of 4 to 20 mA is applied to
ADC 2, ADC 2 cannot convert the current into digital
form. Thus, receiving signal condidoner 4 arithmeti-
cally processes its input analog signal, or the current
signal SA of 4 t0 20 mA, into a voltage signal of 1t0 5
V. i
Where transmitter 6 is 2 tcmperature transoitter
" using a thermocouple sensar, it produces 2 thermociec-
tromotive force of several millivolts as signal SA. Since
this force is a minute voltage, converter 2 is unable to
convert accurately the input signal into digital form.
- Also, the amplitude of the thermoelectromotive force
does not have a linear relation to temperature, and sig-
nal SA does not of itself directly represent the tempera-
ture. Receiving signal condidoner 4 amplifies the ther-
moelectromotive force introduced from the thermo-
couple to an appropriate level which then can be oper-
ated on by converter 2. Then, signal SA, or the thermo-
electromotive force, is coaverted intc a signal which
has a linear relation to the temperaturc. This process is
known as linearizing.

‘Contral unit 1 performs arithmetic operations ac-
cording to the measured value supplied thereto via
receiving signal conditioner 4, ta appropriately contral
the procsss. The obtained digitally coded signal s ap-
plied to digital to analog (1abelled “DAC™) converter 3,
where the signal is converted into analog form. The
resuiting analog signal is fed to transmitting signal con-
ditioner 5, which then arithmetically process the analog
signal to convert it inta traasmitted signal SB of 4 t0 20
mA. This signal controls actuator 7, such as a valve, 10
control the flow rate to an appropnate value.

REPLACEMENT SHEET
13 JUN 1997




I's operated as an input circuit which receives a voltage s+ghral—detvered
froma transmitter or sensor. REPLQGEMEE\.T SHEET
Exanpl es of such transmitters or sensors are shown in
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Receiving signal conditioner 4 is equipped with a
power supply, not shown. In particular, (ransmitter 6
generally needs a supply of electric power, for example,
of 24 volts, to be operated. Transmitting signal condi-
tioner 4 is also equipped with electric power sugoly, not
shown.

The conventional signal coanditioners have the foI—
lowing disadvantages.

1. Many different kinds of system subcomponents
must be used. Specifically, various differeat kinds of
transmitters 6 and actuators 7 are required in order to
suitably conmol the process. For example, needed
would be transmitters for measuring temperature, trans-
mitters for measuring flow rates, and transmitters for
measuring pressure, which different transmitters are
connected to different locations in a plant carrying out
the process. The values obtained by the individual mea-
-surements sre converted into their respective output
signals taking different forms, ¢.g. & voltage of milli-
valts, a curreat of 4 to 20 mA. and a current of 10 to 50
mA. Thus, in order to convert the vartous analog sig-
nals into the same kind of signal, for example, a voltage
of 1 to 5 volts, after these analog signals are arithmeti-
cally processed as mentioned above, a pluralicy of re-
ceiving signal conditioners 4, respectively suited for the
individual signal forms of the outputs from the transmit-
- ters, are required to be prepared

.in addition, one transmitter needs a DC power supply
.of 24 volts. Another transmitter needs a power supply
of 12 volts. A further transmitter requires a constant
current of 4 mA, etc. As a result, the number of combi-
nations of various power supplies and various output
forms becomes exorbitant. Also, it is necessary that the
number of receiving signal conditioners 4 be identical
with the combinations. Also, a considerable number of
different kinds of transmitting signal conditioners § are
required to be prepared because the control signals,
applied from control unit 1, are martched to the signal
forms respectively required by the connected actuators
7. That is, with the prior art, the various receiving signal
conditioners 4 and the various transmitting signal condi-
tionecrs 5 must be prepared separately.



FIGS. 19(a) and 19(b). FIG. 19(a) shows the case in which a sensor

conprising a thernocouple is used. The thernocouple applj EEP@H%Q\?‘?%#%

of sever mllivolts to the external termnals T1, T2 of HI
required to be clectrically powered. Fl ¢ 19‘§b) ShOWS T

couple is not

case where a potentioneter is used as 4%he transnmitter. THe sl
of the poten- tioneter is driven according to the procesy dontrol anount.
it is necessary that the potentione- ter bg supplied wth
lout (which is normally 4 mA) fromthe gfignal conditioner.

t he potentioneter applies a voltage given by vp=rp. lout to

In this case,

constant current

As a result,

pot ent i onet er.

3i dﬂf‘b!ﬂﬁ?ac t

external term n\?thnTtlh Hﬁlﬁ&%} q&%gggfgﬁbégsr%f&%%ggmeépgd to

ext ernal terminals TENNOt

as

Gedrla, the ERFs fRAdesi gned

trol, spccxﬁcanons are subject to change. However, if
input conditions or output condirions for a circuit that
processes an amalog input signal are modified, the de-
sign of the circuit must be changed or some components
must be replaced to accommodate the modification.
That is, prior art signal conditioners 4 or 5 are not flexi-
ble as regards circuit modifications. For this reason,
whenever the input conditions or output conditions are
varied, dedicated hardware devices must be prepared.
Thus, these pnor art arrangements cannat rapidly cope
with modifications of specxﬁcatzor's

3. Prior art signal conditioners are not adapted to be
fabricated into integrated circuits (IC). Also, since a
large number of components are involved, minaturiza-
tion cannot be realized. In the past, the analog signal,
which was obtained by measurement and supplied from
transmitter § or from control unit 1, was arithmetically
processed o convert the input signal into a desired
signal. Although analog ICs which perform arithmetic
operations on analog signals exist, input resistors, feed-
back resistors, capacitors, and other external compo-
nents connected thereto are needed. Thus, it is tmpossi-
ble to substantially reduce the number of components.
Accordingly, few advantages are obtained cven if they
are fabricated in the form of ICs. In this way, the prior
art signal conditioners which perform arithmetic opera-
tions on analog signals are not adopted to be manufac-
tured in the form of an IC.

4. Prior art signal conditioners cannot appropriately
be adapted to be transmitters or actuators having com-
munication function. In recent years, there has been
increased demand for transmitters and actuators having
communication functions for providing more adequate
process control.

A transmitter having communication functions is
now described. An ordinary transmitter measures tsm-
perature, flow rate, pressure, liquid level, or the like,
and converts the measured quantity into & low fre-
quency signal of 4 to 20 mA. A transmitter having com-
munication function carries the information, e.g. the



shown in FIG 12.
nected to external

operates as follows. The thernocouple is connected to sigqjal

30. Control circui

to contact aZ. Thus, resistor Ris co_ngect ed, as a feed- ba

one input term nal
means 115 applies

First, when the thernocouple of FIG pA8{a)—is_con-

terminals T1, T2 of FIG 12, the re- sullt REBLAGEMENT SHEET

t i 1§16
_ 1 3P UCrear?
(-) of anplifier T17 of regulator 112.|Si

a signal Vis to the other input termnaj (+ ) of

t 1 causes node setting neans 114 to conng

anplifier Ul to cut off regulator 112. Since transistor Fs—based—O=k

no el ectric power

of FIG 19(a) via

pfesupitlg eange ©fi the eransmittaryisenh o) theoprave

thermocoupl . I'n t hi.g EBRARESL syﬂkhﬂa%s&xmlam sedve.fTBIS bheddher mocoupl e

termnal T5 connec%’ég‘qs@ag'% gspﬂ%}att P%

? rh‘%?f { 10 g iy Wit evout from
ow frequency by use of multiplexing transmission tech-
nique. That is, the transmitter has an intelligence func-
tion. The modulation can be effected by frequency
modulation, frequencv shift keying (referred to as
“FSK"), or other methods.
To accommodate a transmitter producing a signal
that carries multiplexed communication information,
receiving signal conditioner 4 must be equipped with a

demodulator. Similarly, transmitting stgnal conditioner
5 must have a modulatar to accommodate itself to an
actuator capable of receiving signals carrying multi-
plexed communication information. As described above
in heading 1, numerous kinds of system subcomponents
must be provided. In addition. where combinations of

transmitters and actuators, each of which may or may

not be capable of multiplexing communication informa-
tion, are taken into account, the number of kinds. of
signal conditioners is large. Hence, the prior art ar-
rangements are not suited for industrial use.

SUMMARY OF THE INVENTION

Accordingly, an object of the inventon is to over-
come the aforementioned and other deficiencies and
disadvantages of the prior art.

Another object is to provide signal conditioners
which are few in kind, for example, one kind, and are
capable of being adapted to various transmitters and
actuators. i '

A further object is to provide signal conditioners
which, when input or output conditions are modified,
can be accommodated to modification without having
to change the hardware, that is by simply changing the
software used therewith

A still further object is to provide a signal conditioner
whose circuit can be mostly fabricated in the form of an
IC and which reduces external components.

A yet further object is to provide signal conditioners
which are few in kind, such as one kind, and are capable
of being adapted either to a transmitter or actuator
which is capable of multiplexing communication infor-
mation or which does not multiplex communication



[err] Voltage Vout appearing at termnal T5 is anplified by a variable ga

anplifier (e.g. shown in FIG 21 as 131) and fed to ADEC
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information.
Since various wmransmitters and actuators are con-

nected to signal conditaners, it is necassary to select a
signal conversion function which is suited for the form
of output signal from the connected transformer and for
the form of input signal to the connected actuator. Sig-
nal conditioners of the invention have common hard-
ware portions which perform the main functions. The
various other functions are performed and modified by
use of suitable software.

The receiver pordon of the invention signal condi-
tioner converts each 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 con-
tained in the input signal, the values having been ob-
tained by measurements. The contents of the arithmetic
operations can be changed by use of appropriate soft-
ware under mstructions from the control unit.

In accordance with the invention, it is only necessary
to prepare a few kinds of signal conditioners, that is, the
hardware can be held to a2 minimum, to accommodate 2
number of varied transmitters, sensors, and actuators.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram depicting an illustrative
embodiment of the invention. _
~ FIG. 2 is a block diagram depicting another illustra-
tive embodiment of the mvention.

FIG. 3 is a block diagram depicting an analog-to-digi-
ta] converter used in the embodiments of FIGS. 1 and 2.

F1GS. g} and 4(b) are waveform diagrams dcpicting
multiplexed signals.

FIGS. 5(a) and 5(6) are diagrams depicting FSK
modulation.

n



When the potentioneter shown in FIG 19(b) is con- nected tOREPﬁP@ENEE'NT SHEET
termnals T1, T2 showmn in FIG 12, the resulting circuit is 8 S

potentionmeter is connected to signal conditioner 50. In thL g
t hernocoupl e is used, setting neans 114 connects switch SW

under control of control unit 1. Signal8output neans 115 a
Vis to input termnal () of anplifier Ul. The val ue of voI. age \/s I's given

by Vis=4 mA.R That is, regulator 112 oper- at es as a constant L,UI ettt

ce delivering an e trlcal urrent mA. Conseguent |
ot ¢ ’ e%@ 8 SR RpiculE s Savel 4D Bl s TI T2.

potentioneter ap- pli
Vol tage Vp is taken meaSHe Vout fromterm- nal TS5 in the same way as

for the thernocoupl e. FIGTAeisabadiagvaint depidting thekeslatitn beoweear ni nal t5
indicates output sidreducfity and EBAVEPSBROSRINERCIRS of an analog-to-
digital converter and of a digital-to-analog converter.

FIG. 8 is a block diagram depicting a further illustra-
tive embodiment of the invention.

FIG. 9 15 a circuit diagram depicting specific exam-
ples of the power supply part 92 of FIG. 8 and of the
input circuit 51 of FIGS. 1, 2, 8.

FIG. 10 is a diagram , similar to FIG. 9, dcplctmg

switch SW3 in a different switched state, and depicting
other modifications.

FIG. 11 is a diagram, similar to FIG. 9, depicting
various modifications thereof.

FIG. 12 is a diagram, similar to FIG. 11, depicting
various modifications thereof.

FIG. 13 is a diagram, similar to FIG. 10, depicting

. various modifications thereof.

FIG. 14 is a block diagram depicting still further
illustrative embodiment of the invention.

FIG. 15 is a circuit diagram depicting the power
supply part of FIG. 14, and surrounding circuitry.

FIGS. 16(a-g) are timing chart depicting signals pro-
duced at various locations of the circuit of FIG. 15.

FIG. 17 is a circuit diagram depicting a modification
of the circuit of FIG. 15.

FIG. 18 is a biock dzagfam dcpxctmg yet anothcr
illustrative embodiment of the invention.

“'FIGS. 19(a) and 19(b) are diagrams depicting connec-
tions 1o the circuit of FIG. 9.

FIGS. 20(a-d) are diagrams depicting the operation
of the DC/DC converter shown in FIG. 8.

FIG. 21 is 2 block diagram depicting a modification
of the circuitry located about ADC 52 of FIG. 1.

FIGS. 2"(a)-2.(d) are timing charts dcpxctmg signals
produced at various locations of the circuit of FIG. 21.

FIG. 23 is a diagram depicting the attenuation char-
acteristics of the two low-pass filters of the circuit of
FI1G. 21.

FIG. 24 is a diagram depicting the locations of signal
conditioners in a control system.

FIG. 25 is a block diagram depicting the components
of the DAC 69 of FIGS. 1, 8, 14, 18.



potentioneter. In this manner, the circuit of FIG 9 can ac mﬂggmgws@@ﬂ
to a transmtter or sensor V\/nl ch produces a voltage signal,|sgch

t her nocoupl e or potentioneter, wi thout the need for changin h a
rigﬁoé’wmasw

circuitry, by operating the settlng means 14 in a straightf
A FURTHER MODE. In this node, the FI&®9 circuit is operate
circuit 68 which deliv- crs an actuator control signal of & constant

vol t age. To actuate actuator a _vol tage_signal Y/
nust be applied thereto. DEnEAR @Qﬁ&ﬁﬁt"m bnﬁbﬁt'gfﬂﬁs shown in FI'G
13. Acuator 7, which oper- P&E?ER&E@IEB@CHDMWSI to 5 volts, for

exanple, is connect ed bet en £exter nals Tl and T2, as shown I n
FIG 13, via transm ssion S‘)ﬁf‘lﬂ fﬁe'g&‘césémb\%@@% means 114 connects

switch SV8 to contacgyg g dcpxc:ts an illustrative embodiment of a signal
conditioner 50 of the invention, comprising a control
unit 1, a transmitter 6, and an actuwator 7, which are
similar to the counterparts described in FIG. 24. Signal
conditioner 50 combines the functions of the analog-to-
digital converter (ADC) 2, the functions of the digital-
to-analog converter (DAC) 3, the function of the re-
cciving sigrxal conditioner 4, and the function of the
transnm:.ng signal conditioner 5, all of whncn are
shown-in FIG. 24.

Signal conditioner 50 further comprises terminals
P1,P2,P7, P8 and output terminals P3,P4,P5,P6. A re-
ceiver circuit part, carresponding to receiving signal
conditioner 4 and analog-to-digital converter 2 of FIG. -
24, is located between input terminals P1,P2 and output
-terminals P3,P4. A transmitter circuit part correspond-
mg to transmitting signal conditioner § and digital-to-
analog convert (DAC) 3 of FIG. 24, is positioned be-
tween input terminals P7,P8 and output terminals
P5,P6. A line, not shown, is connected from signal
conditioner 50 to transmitter 6 of FIG. 1 to supply DC
power thereto. Note that no power supply is shown in
FIG. 1. Actuatar 7 is powcred by an electrical current
supplied from an output circuit 68. Where an output
signal of 4 to 20 mA is produced, such electrical current

> is 4 mA.

The receiver circuit part receives the output signal
and commuaication information from transmitter 6 and
sends same to control unit 1. The output signal from
transmitter § indicates the value obtained by the con-
cerned measurement. The receiver circuit part com-
prises an input circuit 51 which acts to convert current -
into voltage and to convert impedance. The current can
be converted into voltage, for example, by use of a
resistor. The impedance conversion can be attained by
use of an operationa! amplifier. In particular, in analog
circuit 51, curreat signal SA supplied from traosmitter 6
is passed through a resistor R and converted into a
voltage, which in turn is amplified by a variabie gain
amplifier 131 shown in FIG. 21.




under instructions fromcontrol unit 1 of FIG 8. The volt ageR&Pui

resistors RL and R2 is fed back to input termnal (-) of an%li.;gﬁ%E@%SHEET
that regulator 112 operates in a constant voltage node. Singe vﬂ a 8 AVSRRS
applied to the other input termnal (+) of anplifier Ul via tqr hag ﬁﬂ3‘[§99# ]
out put vol tage Vout from regul ator 11_2le given by [err]

e

The gain of operational amplifier 131 is determined
by instructions from control unit 1. Where transmitter 6
is a temperature measuring instrument comprising 2
sensor, such as a thermocouple, the resistor R of FI1G. 2
acting as a current-to-valtage converter, is discon-
nected from the circuit under instructions from control
unit 1. Then, the gain of the variable gain amplifier is
switched to a higher value by aperating a switch 136 of
FIG. 21. In accordance with the invention, minimum
function is imparted to the input circuit 51, L.e. it has
only an amplification function A digital signal process-
ing part 61, to be described hereinbelow, performs
arithmetic operations.

In the FIG. 1 embodiment, it is assumed that a value
obtained by measursment Or ag actuator control signal
and communication information are multiplexed and
that the multiplexed signal is transmitied betwesn a
control station 10 (of FIG. 24) and a process control
system. The multiplexing can be either frequency divi-
sion muldplexing, such as, shown in FIG. 4a), or time
division multipleaing, such as shown in FIG. 40). In the
frequency division multiplexing shown in FIG. ¢}, an
FSK modulated wave and a low speed signal of 4 t0 20
mA are superimposed, the low speed indicating a value
derived by measurement. In the time division multiplex-
ing shown in FIG. 45), time is divided into a plurality

. of time slots. For example, an FSK modulated wave is
transmitted during the period between tl1 and 12 and
during the period t3 and t4. The low speed signal is
transmitted during the period between t2 and t3. The
frequency shift keying (FSK) is a signaling method in
which two different frequencies f0 and f1 are used to
represent a binary zero and a binary one which indicate
information to be transmitted, as shown in FIG. 5.

In FIG. 1, the waveforms of frequency division mul-
tiplexed signals are shown. The ADC 52 converts every
mulitplexed anslog signal SG supplied from input cir-
cuit 51, into a digitally coded signal SC. For example,
each instantaneous value of the amplitude of the synthe-
sized waveform m shown in FIG. (@) is scquentally
converted into digitally coded signal SC by ADC 52.




-33 - That is, a voltage is applied to term nal T3 of -G—13—fram
control circuit 94 showmn in FIG 8 such that Vout assune REP\V.ACEHENT SHEET

volts, for exanple. In the enbodinent, it is assuned thag
wherein RAis the internal resistance of actuator 7. Wer 3% m‘gg@
not negligi ble, the voltage signal devikoped bet ween bot h epd f 9 to

Ris taken out fromternminal T4 as sho in FIG 13 to corr
voltage Vs applied to input termnal ([err]) of anplifierf] UL. In this

manner, the circuit of FIG 9 can treat a voltage signal i'wtihthe—sase
circuit by operating

Thus, digitally coded signal SC contains tnformation,

e.g. Al and A2, indicating values obtained by measure-

ments, as well as information carried by the FSK modu-

lated wave as shown in FIG. 5(a).

Dugital signal processing part 61 extracts separately
the low-speed signal component and the modulated

- signal component (or high speed signal component)
from the digitally coded signal SC. These two extracted
components are subjected to digital signal processing to
extract the values obtained by the measurements and
the transmitted information. As an example, digital
signal prccessing part 61 comprises digital band pass
filter 53, a digital demodulator 54, a digital low pass
filter 55, 2 measuring part 56, and other components.
For example, measuring part 56 comprises a digital
computing tnit 58, a memory 59, a table 60, and other
components. Demodulator 54 extracts information
transmitted thereto. Measuring part 56 extracts the val-
ues obtained by the measurements. Digital signal pro-
cessing part 61 comprises a2 digital signal processor or
the like. The characteristics and functions of compo-
nents 53-60 can be modified, for example, by use of
sppropriate software.

Aag interface 64, disposed behind digital signal pro-
cessing part 61, receives output signals S1 and S2 from
processing part 61, and after processing, sends signals
S1 and S2 to control unit 1. That is, interface 64 matches

. the type of data and the method of transmission of data

between signal processing part 61 and control unit 1 to
permit data S1 and S2 to be transmitted from processing
part 61 to control unit 1. For example, interface 64
receives serial data S1 from digital demodulator 54 and
converts it into parallel data S3, which is then output-
ted. In FIG. 1, only one signal line exists for each kind
of data S3,54, and only one photocoupler 65 or 66 is
provided for.each kind of data S3 and S4. In practice,
however, a plurality of lines and a plurality of
photocouplers are used in combination for each kind of
data.



setting neans 114
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Photocoupler 65 produces a reception signal SS indicat-
ing transmitted information. Photocoupler 66 delivers
measurement signal S6 indicating a value obtained by
measurement.

The apparatus further comprises a transmitter circuit
part which receives an actuator control signal S9 from
controi unit 1 and a transrmission signal S8 and sends
same to actuator 7. Signal S9 indicates transmitted in-
formation and signal S8 indicates the amount to which
the actuator is controlled.

The transmission function part is as follows.
Photocouplers 75,76 are similar in operation and advan-
tages to photocoupler 65,66. Specifically, photocou-
plers 75,76 transfer signals S8 and S9 from control unit
1 to an interface 78 while providing electrical insulation
therebetween. Interface 78 is also similar in operation
and advantage to interface 64. Interface 78 matches the
type of data and method of transmission of data trans-
ferred from control unit 1 to a second digital signal
processing part 70 to cause data S8, S9 to be transmitted
from control unit 1 to signal processing part 70. The
result is that data S10 and S11 are supplied from imput-
/output (I/0) circuits 73,74 to digital processing part
70. Although data 510,511 are shown to have analog
waveforms, 1n practice, they are digitally coded signals.

Second digital signal processing part 70 receives digi-

tally coded signals $10,S11 from interface 78 and arith-

metically processes them. Processing part 70, compris-
ing adder circuit 71, sums up digitally coded signal Si1
and another digitally coded signal S12 and produces a
multiplexed, digitally coded signal S13. Digitally signal
S11 indicates the amount (for example carresponding to

4 to 20 mA) to which actuator 7 is t0 be controlied.
Digital signal S12, which is generated by digital modu-
lator 72 after processing signal S10, represents the am-
plitude of the modulated signal.

and the

—————
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Digital modulator 72, which uses FSK modulation,
for example, receives signal S10 and produces signal
S12. Although signal S12 is shown to take an analog
form, in practice, it is digitally coded and indicates the
instantaneous value of the amplitude of signal wave-
form S12. Digital adder 71 produces the sum of digital
signals S12 and S11, and generates a frequency division
multiplexed signal S13. Second digital signal processing
part 70 can comprise a digital signal procsssor or the
like, in the same way as first digital signal processing
part 61. The characteristics and functons of compo-
nents 71 and 72 can be altered, for example, by use of
appropriate software.

A DAC (digital to analog converter) 69 converts
every multiplexed digital signal S13 supplied from digi-
tal signal processing part 70 into an analog signal S14.
That is, DAC 69 converts digiuslly coded signal S13

_into a synthesized analog waveform m shown in FIG.

4(a). Analog signal m contains information, e.g. corre-
sponding to levels Al and A2 shown in FIG. 4(g), indi-
cating the amount to wiich actuator 7 is controlled, as
well as information, e.g. corresponding to FIG. 5(e)
mformation, transmitted by the FSK modulated wave.

Output circuit 68 is an analog circuit which converts
signal S14 into a current signal SB. Generally, output
signal S14 from DAC 69 is a voltags signal.

Actuator coatrol signal Si1, applied to adder 71,
corresponds 10 a cuwrent of 4 to 20 mA. Thus, in output
signal SB from output circuit 68, the FSK modulated
wave 1s superimposed on a low speed signal of 4 to 20
mA. The waveform of output signal SB is as shown in
FIG. 1. o

A receiving circuit 7a, incorporated in actuator 7,
receives signal SB and extracts the amount (e.g. current
of 4 to 20 mA) to which actuator 7 is to be controlled,
to actuate 2 final controlling means (which may be for
example a valve). Receiving circuit 7aq also serves 1o
demodulate and extract the transmitted information.
The range of actuator 7 is sclected under instructions

contained in the transmitted information. The range of
actuator 7 is selected under instructions contained in the
transmitted informartion.
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The operation of the embodiment of FIG. 1 is as
follows. First, the operation of the receiver circuit part
including components 51, 52,61 is as follows. The novel
signal conditioner performs suitably, whether transmit-
ter 6 connected to conditioner 50 has 2 communication
function or not. It is assumed that the connected trans-
mitter has a communication function.

More specifically, transmitter 6 converts a value ob--
tained by 2 measurement, into a low speed signal of 4 to
20 mA. The resulting low speed signal is multiplexed
with an FSK modulated signal, or communication in-
formartion, and the produced signal is delivered from
the output. As an example, the communication may be
of half-duplex FSK transmission (e.g. 1200 baud).

Input circuit §1 comprises resistor R (FIGS. 9, 21).

" Current signal SA, in which the signal obtained by
measurement and the communication signal are main-
tained multiplexed, is passed through resistor R and
converted into a voltage signal. The voltage signal is
amplified to an appropriate voltage level by an amplifier
131 (See FIG. 21) incorporated in input circuit §1. The
amplified signal is fed to ADC 52, which converts each
input analog signal into digital form before application
to digital signal processing part 61.

In digital signal processing unit 61, digital band pass
filter 53 acts to extract desired high frequency compo-
nents, or communication information components, from
digitally coded signal SC. The digital low pass filter 55
serves to extract low frequency components, or values
obtained by measurements. The filtering characteristics
of filters 53,55 can be adjusted by use of appropriate
software. For example, where the modulated wave
coniained In signal SA, carrving the communication
information, lies in a different frequency band, the filter-
ing characteristics can be adjusted by use of appropriate
software without modifying the hardware. The bangd
pass filter §3 functions to extract high frequency com-
ponents, and counprises 2 high pass filter.
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conditioner 50, is

response to comruni cation information g/ll In this cas
92. of FIG 14 is con- nected as showfli
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exanple, it delive
of transmtter 6.

whi ch i's produced fQem GoRH AfoiBidod 280
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112 delivers a constant DC voltage (Vdqut=24 volts) from

rs digital information M indicating neasuring range L1

SRSVt WO ﬂﬁﬂraﬁ% oPdi FFPERLRIfR df @y Nf or ma- tion,
d¥fllitted, unlike the em-
bodiment of FIG. 1, it is desirabie to use band pass
filters for the following reason. Where two pieces of
corumuaication itnformation Y1 and Y2 are transmitted,
information Y1 is modulated into a signal which lies
within a frequency band centered at frequency fvl, for
example. The other information Y2 is modulated into a
signal which lies within a frequency band centered at
frequency fy2. Thus, band-pass fiiters are needed to
extract signals having bands fyl and fy2, respectively.
Digital demodulator 54 demodulates the high fre-
guency components supplied from ban pass filter 53, to
produce 2 digitally coded signal having waveform S1
shown tn FIGS. 1 and 5g). An example of demodula-
tion operation is as follows. A zero crossing detector, as
shown, incorporated in demodulator 54 compares the
signal delivered from band pass filter 53 with a zero

" point. Then, an 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 control unit 1 via the 1/0 circuit 62 of
interface 64 and via photocoupler 65.

Mcasuring part 56 performs arithmetic operations on
the digital low frequency components supplied from
low pass filter §5 to obtain the measured value. These
arithmetic operations are carried out by digital comput-
ing unit 58. Data necessary for the arithmetic operations
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and data produced during the operations are stored in
memory §9. Measuring part 56 also comprises table 60.
Where it is desired to convert data having a noalinear
relation into a data having a linear relatiog, table 60 is
used. For example. the relationship between the ther.
moclectromotive force of the thermocouple to the tem-
perature can be placed in the table 60. Hence, tempera.
ture can be immediately read out from the value of the
thermoelectromotive force by referring to the table 60.
Digital computing unit 58 performs multiplication, cal-
culation of squares, averaging, and other arithmetic
operations. These arithmetic functions can be imple-
mented by known techniques. For example, by using
function averaging, the average value of the low fre-
quency components A1,A2 of FIG. «a) of signal SA
sent from transmitter 6 can be taken. Digitally coded
signal S2, indicating the value obtained by measuring
part 56, is transmitted to control unit 1-via 1/0 circuit

63 and photocoupler 66.

The operation of the transmitter circuit part, com-
prising components 68,69,70,78, is as follows. Control
unit 1 sends transmission signal S8 and actuator control
signal S9 to interface 78 via photocouplers 75,76, re-
spectively. Signals S8,S9 are digitally coded signals.
Transmission signal S8 indicates transmitted informa-
tion. Control signal S9 indicates the amount t¢ which

. the actuator 7 is to be controlled. As a result, signal S10,
shown in FIG. 1, consisting of a list of transmitted data
is sent from 1/0 circuit 73 to digital modulator 72. Mod-
ulator 72 produces digitally coded signai S12 in re-
sponse to signal S10. Signal S12 indicates the amplitude
of the modulated wave. Althougi signal S12 is shown
1o have analog waveform, the signal is actually a digi-
tally coded signal represeating the instantaneous value
of the amplitude of the modulated wave.



DAC 69 converts the digitally nodul ated, digitally coded
analog form e.g., the FSK nodul at ed wave described in c¢
FIG 5. The result- ing analog signal is fed to power su
vol tage signal Eo, for producing a direct current of 24 Yo t:g',

to input termnal ([err]) of arrplifi_ei?,yl of power supplly part

connected as shown in FIG 10. Al so,” DAC 69, i.e., the g gha H
means 115, applies a high frequency signal (FIG 5(b)) do the sane I nput
termnal ([err]). As a result, a constant DC vol tage of 24 —0
whi ch the high frequency signal shown in FIG 5(b), is superinposed, is

suppl i ed to transmitigr 6y i1 g ernl Dol PA0 Of FLiSn 40 ugh
ond digital signal processing part 70. Signal S11 indi-
cates the amount to which the actuatgr is to be con-
trolled. Where a digitally coded signal corresponding to
a current of 4 10 20 mA is produced as actuator control
signal S9 by control unit 1, digital signal processing part
70 can supply input signal S11 directly to adder 71
without first arithmetically processing the same. How-
ever, if control unit 1 produces only signal S9 indicating
the amount, i.e. from 09 to 100%, to which actuator 7
is to be controlled, then an arithmetic block, not shown,
included in digital signal processing part 70, first con-
verts signal S9 intg a digitally coded signal correspond-
ing to signal of 4 10 20 mA.
Digital adder 71 produces the sum of signals S12 and
S11, and generates signal S13 which is frequency divi-
. ston multiplexed. DAC 69 converts every multiplexed,
digitally coded signal S13 supplied from digital signal
" processing part 70 into analog signal S14 which con-
tains two types of information. One type of information
indicates the amount to which actuator 7 is to be con-
trolled, and comprises, for example, low frequeacy
components corresponding to Al, A2 of FIG. 4. The
other type of information is communication information
carried by an FSK modulated wave, and comprises, for
example, high frequency components as shown in FIG.
5(6). :
Qutput circuit 68 converts signal S14 into current
signal SB and outputs this signal. Since actuator control
signal S11 applied to adder 71 corresponds to an electri-
cal current of 4 to 20 mA, ourput circuit 68 produces
signal SB having the waveform shown in FIG. 1. In
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'¢he low frequency signal of 4 to 20 mA..

Receiving circuit 7a, included in actuator 7, receives
signal SB and activates final controlling element 76 with
a current of 4 10 20 mA. Receiving circuit 7a also acts
to extract the communication information form the high -
frequency components of the transmitted signal by de-
modulation, and acts to change the range of actuator 7
of that range tnstructed by the communication informa-
tion.

Although the embodiment of FIG. 1 shows signal
conditioner 58 as comprising a receiving circuit portion
and a transmission circuit portion, the invention is not to
be considered to be so limited. For example, the condi-
tioner 50 could just as well comprise one of such two
discussed portons. FIG. 2 shows the signal conditioner

- as comprising only the receiving circuit portion.

In the foregoing embodiment, the multplexed signal
is frequency division multiplexed. Of course, the novel
signal conditioner of the invention can transmit and
receive information about values obtained by measure-
ments and communication information with a time divi-
sion multiplexed signal (See FIG. 4(3)). In particular,
during the period between t1 and t2 and during the
period between t3 and 4t4 of FIG. «¥b), signal S1 is
obtained from digital demodulator 54. During the per-
iod between t2 and t3 of FIG. 4(b), signal S2 is obtained
from the measuring part 56. The signal applied between
terminals P1 and P2 comprises low frequency signal of
4 to 20 mA multiplexed with the modulated wave.
However, where transmitter 6 relies on a seasor, such as
a thermocouple, a fecble thermoelectromotive force is
produced as signal SA. Where such sensor is connected
to signal conditioner 58, control unit 1 applies an in-
struction signal to signal conditioner 50 to disconnect
resistor R from input circuit 51, the resistor R being
used for current to voltage conversion. Consequently,
the gain of the variable gain amplifier included in input
circuit 51 is switched to the higher gain (see FIG. 21).




After the signal
frequency signal
Phot ocoupl er 66 produces neasurenent signal S6 indicatinfg ghe—vatde

obtained by transmitter 6. The operation has been al - rdady ii%SCJIUN)m',I gy

connection with FIG 1. -19 -

passes through ADC 52, photocou- pier

S5 indicating the mesuring range set tyREPiaA{Eia‘sENTeSHEE

- {36

Deécription of Analog to Digital Converter

Analog to digital converter (called “ADC") 52 may
be one of two which are broadly classified as flash con-
verters and as successive approximation converter. A
flash ADC uses 27 comparators. and converts input
voltage directly into 2 coded digital value closest to the.
tnput voltage. This type of DC makes use of tracking
analog to digital conversion. Specifically. digital codes

"are so tracked that the output voltage from a reference
digital to analog converter is closest to the input signal.

This inventon, advantageously, involves a reduced
number of kinds of components and is easily fabricated
in the form of an mtegrated circuit, also called “IC",
especially when either kind of analog to digital con-
verter is used as ADC 52. However, if an oversampled
analog to digital converter is used in signal conditioner
S0 which transfers signals containing multiplexed com-
munication information, then many other advantages
arc attained, as will be described hereinafter. Thus, an
oversampled ADC will be next described.

In recent years, in the field of process control, rasolu-
tion on the order of 14 bits has been required in measur-
ing low frequency components, such as Al of FIGS.
& A) and 4(b), of less than 100 Hz sent from transmitter
6. On the other hand, the frequency of a communication
signal (see FIGS. 4(a) and 45)) multiplexed with the
measured components is generally of the order of 10
KHez. It is considered that resolution of 6 bits suffices to

measure the communication signal, because the con-
tents of the communication signal can be read as long as
f0 and f1 can be distinguished from each other as shown

in FIGS. 5(a) and 5(b).
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s a rcsoluuon 14 bits at 1ts at 1
KHz is desired for use as 2aDC 52 in the cmbodxmcnt of
FI1G. 1. FIG. 7 shows the relationship between the
number of converted bits, or resolution, to the fre-
quency of the input signal applied to 2 DC. Normally, in
an analog to digital converter, the number of converied
bits has a reciprocal relationship to frequency. That is,
the relationship is given by line L in FIG. 7. If an ADC,
having 2 given design, has a characteristic indicated by
point B2 in FIG. 7, then it follows that this converter
can convert an analog signal of a frequency between 0
and f3 with A3 bits. Another DC has a characteristic
indicated by point B3.

Thus, if no measure is taken, an ADC which needs 14
bits at 10 KHz and has a characteristic indicated by
point B6, i.e., satsfies both point B1 (a resolution of 6
bits at 10 KHz) and point BS (a resolution of 14 bits at
100 Hz), is required. However, this ADC which nesds
14 bits at 10 KHz bas a property much superior to the
characteristic line L (see FIG. 7) generally obtained. If
this ADC ts fabricated from a flash type converter or
from a successive approximation type comverter, then
the apparatus becomes castly and would be large in size.

The invention solves the above mentioned problems,
i.e., expensiveness and bulkiness, by using an oversam-
pled ADC for aDC 52. In summary, ao oversampled

» ADC provides large oversampling ratios for low fre-

quency signal components. Hence, analog to digital
conversion is effected with high accuracy. For high
frequency signal components, the oversampling ratio is
reduced and so the accuracy of the analog to digital
conversion is deteriorated. That is, in accordance with
the invention, resolution of 14 bits at 100 Hz and resolu-
tion of 6 bits at 10 KHz can be realized simultaneously

. with a single oversampled analog to digital converter,
as will be described in detail hereinafter.
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reference to FIG 15. In FIG 15, a power supply output confrotter—t26 -
recei ves out put signal S14 from DAC 69 shown in FIG 14, u,pgtg sJUjM#g-;SM
being a transmitted signal of a high sfrequency. Controlller controls,

for exanple, output voltage E fromvariable DC power supd y ES accordim
to signal S14. Controller 120 conprises an operational applifier U2, for
exanple. Signal S14 is applied to one input termnal (-). ApPplTed to the
other input termnal (+) of anplifier U2 is a voltage signal Eo determnig

the output voltage value E of power supply Es. Voltage signal Eo is
equi val ent to signalFHG. dodiepéckst the edrfigairatidd shanobarddrtpleld. Variable

DC pover supply EsarfdBRrtioS@igitdlas ¥eREs, which corresponds to black
90 (shown with broken lines in FIG. 1). Generally, as
- shown in FIG. 3, an oversampled analog to digital con-
verter is 2 combination of 2 2-A modulator 52 and digi-
tal filters 53,55, the filters being connected to the output
of modulator 52. It is assumed, however, that modulator
52 corresponds to ADC $2 of FIG. 1 so that the circuit
of FIG. 3 may correspond to the block 90 of FIG. L

Operation of the ADC

The operation of the FIG. 3 circuit is as follows. The
output SG from tnput circuit 51 of FIG. 1 is applied to
a prefilter 81. Filter 81 filters out those frequency com-
poneats which are higher than the Nyquist frequency,
or half of the sampling rate, to prevent foldover noise
due to sampling. The output from filter 81 is sampled by
a switch SW2. One of the features of the oversampled
analog to digital converter is that the sampling rate is set
to be sufficiently higher than the frequency of the signal
obtained from the subject that is to be eventually mea-
sured (e.g. at least 10 times as high as ). An analog adder
82 produces the difference between the sampled input
signal value and virtual, forecasted waveform produced
from a 1-bit DAC (digital tc analog converter) 86. An
integrator 83 integrates the output from adder 82. The
output from intcgrator 83 is quantized by a comparator

. e output from comparator 84 is fed to 1-bit DAC
‘g6 via 2 l-c]oc.k delay unit 85 comprising a D flip-flop.
Block 52 (indicated by the broken lines)is generally
known as 2 2-A modulator, which subjects its input SG
to sigma delta moduladon, and produces a2 modulated
signal SF. Signal SF (which is subjected to the sigma
delta modulation) differs somewhat in a sensce from
digital signals obtained from a flash type or successive
approximation type converter, but yet the sigma delta
modulated signal SF is derived by convertng input
signal SG into digital codes. For this reason, it is as-
sumed herein that the X-A modulator 52 correspoads to

- ADC 52 of FIG. 1.
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What is meant by the description somewhat differ-
eace in 4 sense, is that if ADC 52 of FIG. 1 is comprised
of a flash ADC or successive approximation ADC, its
output signal SC is a digitally coded signal which corre-
sponds to the input signal SG in a 1:1 relation. The
output signal is passed through band pass filter 53 and
low pass filter 55, to extract high frequency compcnents
SD and low frequency components SE. On the other
kand, if an oversampled ADC is used, output SF from
Z-4 modulator 52 is obtained by subjecting input signal

- SG 1o sigma delta modulation. Thus, the output signal
does not have a 1:1 relation to input signal SG. In the
oversuppiied ADC, 2 digitally coded signal corre-
sponding to input signal SG is not obtained until sigma
delta modulated signal SF is passed through the digital
filters. More specifically, band pass filter 53 produces
the digitally coded signal SD which corresponds to the

" high frequency components of the input signal SG in a
1:! relation, while low pass filter 55 generates digitaliv
coded signal SE that corresponds to tke low frequency
compcenents in a 1:1 relaton. Band pass filter 53 and low
pass filter are the same as their counterparts of FIG. 1.

Briefly, signal SD, which is obtained by convertng
the high frequency components shown in FIG. 5 into 6
bit digital codes, for example, is extracted by passing the
stgma delta modulated signal SF through band pass
filter 53. Alsc, signal SE, which is obtained by convert-
ing the low frequency components, arising from mea-
surement, into 14 bit digital codes, for example, is ex-
tracted by passing the modulated signal through low
pass filter 55.

In particular, when low pass filter §5 is used, low
frequency components of 4 to 20 mA. are sampled at a
large oversampling ratic and arithmetically processed.
Thus, the qu.amizar.ion error is small. The digitized data
is accurate That is the accuracy of the analog to digital
cor:vcrszon for example, resolution of 14 bits, is deter-

mined by the oversampling ratio. Thus, the oversam-
pling ratio is increased as the frequency of the signal
-becomes lower. As a result, the analog signal is con-
verted into digital form at higher resolution.



A transm ssion block 80 is conposed of a transmtter 6 an

d a vol tage change
voltage change

detector 121. In transmtter 6, shown in FIGS. 1, 8, 14,
detector 121 shown in FIG 15 is not shown. Detector 121

m croprocessor, extracts the high frequency conponents, of

contained in DC voltage E applied fro?§S|gna condi ti oner
trans- mitter 6 according to informaf I ndi cat ed by
Transmitter 6 delivers a | ow frequency current of 4 to 20
val ue neasured in the field. Volt- age change detector 12
hi gh fre- quency signal, or the nodul ated signal, on the

BS for the low frequency components such as
FIG. 7.
In this embodiment, an oversampled ADC

VRTEP'LRQ MEﬁT BHEET

Sl nn

s?;nfé‘s&lﬁﬁ P

=Va¥a¥ald Hl nn i Wa)

il superlnposes t he

J\uufra
+—&

l*2)

shown in

1s used as

the ADC 52 of the receiving circuit portion. Similar
advantages, such as that the requisite functions can be

attained economically, are attained by using

an over-

sampled DAC, as the DAC 69 of the transmission cir-

cuit part of FIG. 1. FIG. 22 shows 2 common
pled digital to analog converter. The 204 mo
similar in configuration to the Z-A modulator
FIG. 3.

oversam-
dulator is
shown in

In the embodiments of FIGS. 1, 2, 3, two filters are

provided. More filters may also be provided t

o select a

plurality of different kinds of information about fre-
quencies. In this case, 2 high pass filter cannot be used as
. filter 53 as previously mentoned. A band pass filter
must be used. In the embodiment, communication infor-
mation is transferred by FSK modulation. It is to be
noted, however, that the modulation is not limited to

FSK modulation.

In the embodiments of FIGS. 1 and 2, it is assumed
that transmitter 6 is connected to signal conditioner 50
via 2 three line transmission path. In particular, 2 power
supply, not shown, is connected from signal conditioner
50 to transmitter 6, in addition to the illustrated lines 101

102. The power supply part of the signal condi-

tioner SO shown in FIG. 1 has been omitted.

Transmitter connected via two line transmission path

FIG. 8 shows a configuration in which the

transmit-

"ter 6 is connected via a two line transmission path $1.

The embodiment of FIG. 8 is similar to the em
of FIG. 1 except that signal conditoner 5¢ and

bodiment
transmit-

ter § are interconnected via two line transmission part

91 and that there are also added a power suppl

Y part 92,

a DC/DC converter 93, a control circuit 94, and a

photocoupler 96. In FIG. 1, digital signal p

rocessing

part 61,70 and interfaces 64,78 are each represented as
comprising separatc functional blocks, whereas in FIG.
8 these parts are each represented as comprising a single

block.



guency current produced fromtransmtter 6 and seds the
back to signal conditioner 50, high frequency signal cont

M2 responding to information ML supplied from signal condi

resistor Ris used to extract signal lin as a voltage sid
being transmtted via transm ssion pagg 91. Resistor R g
resistor R showmn in FIG 10. Vol t ag&™ VR obt ai ned by res

to a low pass filter 55 and also to a band pass filter 53.

A

| tironer 5

ndl Y8, Jgg’gml'!' Ifi
gqui val ent_to
Istor Ris applied

Low pass_fjl ter

55 produces a signal SE of 4 to 20 mA, signal SE indicati

ng the val ue

obt ai ned by neasurenent. Band pass filter 53 produces conmponent SD (FIG 1)
of the high frequeldaythd gmiodimmerdtl & FI%;. 8hHEpDCiconvdmoer 88pl i fying the
vol tage signal VRddwit @STARCWoltag@ VM Apfired 580Weech tebifmaly. 8, 14, are
om tted. P12 and P13 into a different value of DC voltage Vee,

and delivers this voltage. Caonverter 93 can be of a con-

ventional structure. For example, converter 93

com-

prises a switch SWS, a wransformer T, a rectifying diode

D1, a smoothing capacitor C1, and other compo

oénts.

Control circuit 94 controls the amplitude of oyrput
voltage Vec from DC/DC converter 93 in response to
a signal S16 applied from control unit 1. Control circuit
94 recoives signal S2 from digital signal processing part
61, signal S2 bemng obtamed by measursment. As an

example, if a short circuit occurs in transmitter 6,

signal

S2 assumes an abnormal value. This is detected, and
output voltage Vcc is reduced quickly to prevent un-

wanted power loss.

The value of the output voltage Ve is controlled as
follows. Control circuit 94 controls the rato of the time,

for which switch SW3§ of DC/DC converter
turned ON , to the time, for which SW5 is turned

93 is
OFF,

as shown in FIGS. 20(a)-20(d). Consequently, electric
power supplied to transformer T of converter 93 is
controlled. Voltage developed on the secondary side of

transformer T changes according to this ratio.

FIGS. 20(a)-20(d) show the ON and OFF states of
switch SW5. When the solid line goes high, switch SWS5

is turned ON. In the case of full power, ses FIG.

20(a),

_paximum output voltage Ve is obtained. As the ratio
of the time for which switch SWS is turned ON in-
creases, output voltage Vdc decreases. If the number of
ON states is controlled to a ratio of §, as shown in FIG.
20{(c), then the output power is limited to § of full

power.

The power supply part 92 of FIG. 8 receives constant
DC voltage Vec from DC/DC converter 93 and pro-
duces a voltage, for example 24 V, at its output terminal
P10. The produced voltage is instructed by a contro}
signal S17 applied from control circuit 94. That is con-
trol signal S17 indicates the output voltage, in volts, or
output current, in milliamperes, from power supply part

92.



The operation of enbodinment of FIG 15 is as fol- lows, referring to FIGS.
- [ h in FIG [ et v
16(a)-16(g). FIGS. 16(a) shows signal sl14, shown in aﬁﬁf’h%‘é‘ﬁtm SHEET
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In this exanple, the signal varies in positive
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It 1s assumed that transmitter 6 is able to carry the
valuc obtained by measurement, e.g. 4 to 20 mA,, on the
high frequency communication information as de-
scribed in connection with FIG. 4, and to deliver the
information containing the value.

Input circuit 51 has a resistor R, for example, between -
mput terminal P1 and a common potential. The low
frequency signal of 4 to 20 mA supplied from transmit-
ter 6 and the high frequency signal, which is superim-
posed on the low frequency signal, are converted into 2
voltage signal by resistor R. This voltage signal is am-
plified by an amplifier of input circuit 51 so as to pro-
duce signal SG of an appropriate amplitude . The out-
put from the amplifier of input circuit 51 is fed to ADC
52.

In the embodiment of FIG. 8, a voltage or current is
supplied from power supply part 92 to transmitter 6 via

" one line of the two line transmission path 91, while
signals from transmitter 6, i.e, the value obtained by
measurement and communication information are sup-
plied to input circuit 51 via the other line.

Description of power supply, input or output circuit
components

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

A transmission path is connected to a pair of external
terminals T1 and T2. An input circuit 111 receives cur-
rent flowing through the transmission path, or current
flowing between the terminals T1 and T2. In this exam-
ple, a resistor R is connected between terminal T2 and
common. The resulting voltage drop is exploited to
extract the received signal. Input circuit 111, which
corresponds to input circuit 51 of FIG. 1, may use an
clement other than resistor R.



tive directions. Operational anplifier U2 receives a signal 14 shown in

FIG 16(a) and constant voltage signal Eo, and controls o
fromvari able DC power supply Es according to the differe
In this manner, output voltage E sent to the transm ssion
power supply Es changes in response tgghi gh frequency sig
signal S14, whose voltage anplitude is indicated by Vvdi,

as shown in FIG 16(b). Voltage E sent for, variable powe
gi ven by [err] Transm ssion block 80 varies current lin

A ACEMERT ST,

dth 91
SR l
S I

éup_pl y Es is

transm ssi on pat h‘ﬁ(‘gnlrc;%ﬁ&){d}i R92tR 3&‘?395@@%&}9&5 (yitt?épiﬁnta Transmtted

current in varies . .
constant current mode, in which case regulator

112

praducss a constant curreat which is applied to extemnal
terminals T1,TZ;, or in a constant voltage mode, in
which case, regulator 112 produces a constant voltage

which is applied to terminals T1,T2. Regulator

112

comprises a transistor Q1 and an amplifier Ul whose
output terminal is connected to the base of transistor
Q1. The collector of the transistor Q1 is connected to
DC voltage Vcc, while the emitter thereof is coanected

to external terminal T1.

A mode switching circuit 113 comprises a setting
means 114, a signal output means 115, and a switch SW
3. Switching circuit 113 switches regulator 112 between
the constant voltage mode and the constant current

mode, depending on the kind of fieid apparatus
nected to external terminals T1,T2.

con-

-Setting means 114 connects switch SW3 either to
contact al or to contact a2, under insiructions from
control unit 1, shown in FIG. 8. Thus, regulator 112 is
operated either in the constant current mode or in the

constant voltage mode.

Signal output means 115 may or may not apply a
signal of a given amplitude to one input terminal (+) of
amplifier Ul, depending on the mode set by setting
means 114. As an example, signal curput mesns 115

comprises a digital to analog converter.

Valtage dividing resistors R1 and R2 are connected
between output terminal T1 and the common. The sig-
nal received by resistor R of input circuit 11t appears at
signal take out terminal T4. A signal application termi-
nal T3 is connected 10 one input terminal (<) of ampli-
fier U1l of regulator 112. A signal, which is to be trans-
mitted either to transmitter § or to actuator 7 shown in
FIG. 8, is applied to signal application terminal T3 from

contral circuit 94.

Where the circuit of FIG. 9 is operated as output
circuit 68 shown in FIG. 8, the signal to be transmitted
is signal S14 that is generated either from actueator con-
trol signal S9 delivered from contral unmit 1 or from
communication information S8. In this case, signal out-
put means 115 shown in FIG. 9 acts also as DAC 69

shown in FIG. 8.




anal og manner within the range, for exanple, of from4 to 20 mA, according

to the process control amount shown in FIG 16(c). Current

R R R

signal condi- tioner 50 via transmission path 91 and fl| QVREPLHOEMENTI SHEET FR.

hr r\cc V'f\(‘J c'l' nv-

A voltage signal VR as shown in FIG 16(d) is pro- duce
by transmtted current Iin. Volt- age §| gnal VR is give
equations (1) and (2), voltage VL, ap&l i’ed across transi s

?T

0.

AL B

connected with the two |ine transm ssion path 91, is giyYe

i

y

LCIIJ

rv

OF’]

Where the circuit shown in FIG. 9 is used to supply
electric power and also used as input circuit 51, the
signal to be transmitted comprises a voltage, say 24 V,
or a current, say 4 mA, to be supplied to connected
transmitter 6 to pravide power theretq, together with
communication information S8 (FIG. 8, 14) transferred

from control unit 1 to tansmitter 6.

The common terminal of switch SW 3 is connected to
the other (—) input terminal of amplifier Ul. Contact al
is connected to the junction of voltage dividing resistor
R1,R2. Contact a2 is connected to one end of resistor R
of input circuit 11. Switch SW3 is actuated by setting

means 114,

When switch SW3 is connected to contact al, volt-
age dividing resistor R1 acts as a feedback rasistor for
amplifier Ul. Input terminal (=) of amplifier Ul is
coupled to the common via resistor R2. The result is
that regulator 112 operates in a constant voltage output
mode in which the amplification degree is given by

(1+R1/R2).

On the other hand, when switch SW3 is connected to
contact a2, regulator 112 operates in & constant current
output mode for the following reason. The two input
terminals () and (—) of amplifier Ul are substantially
at equipotential as long as amplifier Ul operates nor-
mally. Let e be the voltage developed between the two

_input terminals (+) and (—) of ampilifier Ul. Let Vout
be the output voltage from regulator 112. Then, the

following relation holds:

Vout=nA.¢

wherein A is the gain in the open loop in regulator 112
and is normally 80 dB. Sincz output voltage Vout is 24
.V, for example, ¢ is calculated at about 0 V from the

above equation.



Vol tage V1 assunes a waveformas shown in FIG 16(e). In this way

, vol tage

V1 applied to transm ssion bl ock 80 varies accordi ng to g ftreqg
FEPLACEM

signal S14. Vol tage change detector 121, included in trgn

tre ey

ERT &HEESO

detects the change in voltage V1 and extracts high frequenfy—stgn

sent from signal
REPLACEMENT SHEET
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Therefore, if a constant voltage Eo is applied to ter-
minal T3 from control circuit 94 of FIG. 8, then this
constant voltage is kept applied to resistor R via contact
aZ of switch SW3. Thus, it follows that a current given
by Iin=Eo/R keeps flowing through resistor R. Be-
causc current Iin is supplied from terminal T2, constant
current Iin is fed to the transmitter connected between
terminals T1 and T2.

The circuit of FIG. $ operates either in a first mode
or in a second mode, to be described hereinbelow in
greater detail. In the first mode, electric power is sup-
plied tc transmitter 6, and the circuit of FIG. 9 operates
as input circuit 51 receiving the signal transferred from
transmitter 6. In the second mode, the FIG. § circuit
operates as output circuit 68 delivering an output signal
to actuator 7. These two modes are described separately

_ hereinbelow.

FIRST MODE. In this mode, a constant voltage is
supplied to transmitter 6, and the FIG. 9 circuit oper-
ates as a circuit receiving current signals from transmit-
ter 6.

FIG. 10 shows:the connection for establishing the
first mode. The relation between the components of
FIG. 1@ and those of FIG. 8, is as follows. External
terminal T1 of FIG. 10 corresponds to terminal P10 of
FIG. 8. External terminal T2 of FIG. 10 corresponds to
terminal P1 of FIG. 8. The part formed by regulator
112, the resistors RI,R2 , switch SW3, and mode
switching circuit 113 shown in FIG. 10 corresponds to
power supply part 92 of FIG. 8. Input circuit 111 of
FIG. 16 corresponds to mput circuit 51 of FIG. 8.
Power voltage Ve of FIG. 10 corresponds to ourput
voltage vee from DC/DC converter 93 of FIG. 8.




50. Then, information ML, indicated by signal S14 is readf—amnd

transm ssion 6 is controlled according to in- formation M RWCEMEFWLSHEET

sion block 80 is so high that & rated—vettage
to operate transm ssion block 80 is maintai ned f f4 oy

transm ssion current |in assunmes its mggi_num value, e.g. |20 mlj @ﬁ%ﬁ]

produced across transm s-

hi gh enough

frequency nodul ated signal S20, or comnuni - cation signal,] wATCch™ TS
transmtted fromtransm ssion block 80 to signal conditiorer 50 varies
transmitted current lin in positive and negative directions, ToOr exanr
as shown in FIG 16(&msugncrréqme:mncmgdabcﬁaecnmeﬁabhﬁiﬂﬁs in

vol tage Vr devel opealerPesT2 esfl FICG. 10, via transmission path 91, to

deliver current signal Iin. Setting means 114 connects
switch SW3 10 contact al. Thus, voltage divided by
dividing resistors R1,R2 is fed back to one input termi-
nal (—) of amplificr Ul of regulator 112. Regulator 112
operates in the constant voltage output mode. Signal
output means 115 delivers a given voltage signal Vi to
the other input terminal (<4+) of amplifier Ul. In this
manner, output voltage Vout produced between exter-
nal terminal T1 and common is maintained by regulator
112 at 3 constant voltage, for example 24 V, corre-
sponding 10 given voltage signal vi. That is, gutput
voltage Vout appearing at terminal T1 is given by

Vout=Vi-{1 +{(R2/R1)}

Transmitter 6 controls current flowing through trans-
- missioc path 91 according to the process control
amount, so that a process control signal is applied to
terminal T2. Specifically, the process control signal, or
current [in, transmitted via transmission path 91 flows
through resistor R of input circuit 111, thus producing
a voltage Eout corresponding to the process control
amount. Signal Eout is extracted from takecut termindl
T4 and amplified so as to produce the voltage signal SG
of an appropriate amplitude by an amplifier, not shown,
of the input circuit 51. The output signal from the am-
plifier of the input circuit 51 is supplied to ADC 52 of
FIG. &.

SECOND MODE. In thzs mode, the FIG. 9 circuit
acts as a circuit which delivers a current signal to actua-
tor 7. In other words, the circuit operates as output
circuit 68.

- FIG. 11 shows the connection for establishing the
second mode. The relation between the components of

la
PT ety



R The | ow frequency signal, or a signal indicating the val ht ai ned by

neasurement, which is sent fromtransm ssion block 80 and doREPEAGEMSyT QHEET
the process control anount is passed through | ow pass filtdr B5—thus
resulting in signal SE shown in FIG 16(f), where signal SHE rogmﬁfiphﬁ ?5
takes an anal og waveform In practice, ggawever, signal SE ifs Ja 'g'r‘ 9,9
coded signal indicating each instantaneous val ue of the anmpl i4ude~ocfthe

anal og waveform Hi gh frequency nodul ated signal S20, or{comruni- cation
nacc f | | fpr

—

signal, sent fromtransm ssion block 80 is passed through beame—pass

53, whereby a signal_SD shown in FIG_16(g) .is extracted. In FIG 16(Q),
si gnal SD produced F¥am }1 jang thase @fsﬁd&g lsolsagétfr ovs-aftemalavef orm In

practice, however, termisahTd of tFIGy 1doderrespgnals tontireminiah P £ ath
i nstantaneous val ueFRG. BNEA8PhAI terminal T2 of FIG. 11 corresponds to
terminal P6 of FIG. 8. The part formed by regulator
112, resistors R1, R2, R, switch SW3, and the mode
switching circuit 113, shown in FIG. 11, corresponds to
output circuit 68 of FIG. 8. Signal output mean 115 of
FIG. 11 corresponds to DAC 69 of FIG. §. Power
voltage Vcc, shown in FIG. 11, corresponds to output
voltage Ve from DC/DC converter 93, shown in FIG.
8. :
Actuator 7 is connected between external terminals
T1,T2 via transmission path 95. Setting means 114 con-
nects switch SW3 to contact a2. Thus, resistor R is
connected as a feedback resistor to one input ierminal
(—) of amplifier Ul of regulator 112. Regulator 112
operates in the constant current output mode. In this
state, a signal Vs to be transferred to actuator 7 is ap-
plied to terminal T3 which is connected to the other
input terminal (+) of amplifier UL As such, regulator
112 controls output current Iout in response 10 signal
Vs, current Iout being fed to actuator 7 from external
terminal T1. Output current Iout is given by

lour=Vs/R

In this manner, the ctreuit of FIG. 9 can use the same
main components, irrespective of whether the circuit
operates in the above described first mode or second
mode. In addition, the operational mode caz be
switched by operating mode switching circuit 113.

In the above embodiment, the typical transmitter 6
and actuator 7 are interconnected. In the field, a trans-
mitter or sensor producing a voltage signal and an actu-
ator actuated by the voltage signal are added to the
above components. The circuit of FIG. 9 can readily
cope with the situation where these transmitters, sen-
sOrs, actuators are added. The operation performed
under this condition is next described as another mode.

ANOTHER MODE. In this mode, the FIG. 9 circuit
is operated as an input circuit which receives a voltage
signal delivered from a transmitter or sensor.



tude of the anal og waveform In the enbodi nent of FIG 15, resistor Ris
con- nected in series wwth two [ine transm ssion path 91. %@T_@Je POWEF—
voltage VL applied to transm ssion block 80 is reduced acgdridi &I":MENITnSHEET

particul ar, power voltage VL applied to transm ssion bl ock TO 'S j)l verr—
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Examples of such transmitters or sensors are shown in
FIGS. 1%(a) and 19(5). FIG . 19{(a) shows the case in
which a sensor comprising a thermocoupie is used. The
thermocouple applies a voltage Vp of sever millivolts to
the external terminals T1,T2 of FIG. 9. The thermo-
couple is not required to be clectrically powered.

FIG. 19(b) shows the case where a potentiometer is
used as the transmitter. The sliding contact of the poten-
tiometer is driven according to the process control
amount. In this case, it is necessary that the potentiome-
ter be supplied with constant current Iout (which is
normally 4 mA) from the signal conditioner. As a result,
the potentiometer applies a voltage given by vp=rp .
Iout to external terminals T1,T2, where rp is the resis-
tance of the potentiometer. When the thermocoupie or
potentiometer is connected to external terminals T1,T2,
the circuit of FIG. 9 is connected and designed as
shown m FIG. 12.

First, when the thermocouple of FIG. 1%a) is con-
nected to external terminals T1,T2 of FIG. 12, the re-
sulting circuit operates as follows. The thermocouple is
connected to signal conditioner 50. Control circuit 1
causes mode setting means 114 to connect switch SW3
to contact a2. Thus, resistor R is connected, as a feed-
back resistor, to one input tcm_:inal (=) of amplifier U1l

of regulator 112. Signal output means 115 applies a
signal Vis to the other input terminal (<) of amplifier
U1 to cut off regulator 112. Since transistor Q1 is biased
OFF, no electric power is supplied from external termi-
nal T1 to the thermocouple. In this manner, voltage
signal Vp sent from the thermocouple of FIG. 19(a) via
transmission path 91 is taken out as voltage Vout from
terminal TS connected to external terminal T1.

Vour=Vp-(R1+R2)/(R+R1+R1)

Voltage Vout appearing at terminal T35 is amplified by
s variable gain amplifier (e.g. shown in FIG. 21 as 131)
and fed to ADC 52 of FIG. 8.
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actual control signal of 4 to 20 mA can_be sent from

control unit 1 to actuator 7 by connecting actuator 7 b€t§ﬁ m%ﬂdi S
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P10 and Pl via two
structure of signal
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actuator 7. Where the enbodi nent of G 18 is operated, wer_supply

line transm s- sion path 95 w thout ¢h
conditioner 50 shown in FIG 14. At |tHe sane {1 nE,

part 92 is connected to the enbodinment of FIG 11. In this case, swiC

SW\B i's connected

to contact a2, so that power supply paLt_92

When the potentiometer shown in FIG. 19(b) is con-
nected to external terminals T1,T2 shown in FIG. 12,
the resulting circuit is as follows. The potentiometer is
connected to signal conditioner 50. In the same way as
the thermocouple is used, setting means 114 connects
switch SW3 to contact a2 under control of control unit
1. Signal output means 115 applies voltage Vis to input
terminal (<) of amplifier UL The value of voltage Vis
is given by Vis=4 mA-R. That is, regulator 112 oper-
ates as a constant current source delivering an electrical
current of 4 mA. Consequently, the potentiometer ap-
plies a voltage (Vp=rp-4 mA) to external terminals
T1,T2. Voltage Vp is taken as voltage Vout from térmi-
nal TS in the same way as for the thermocouple.

The above voltage Vout taken out from terminal t§
indicates output signal Vp from the thermocouple or
potentiometer. In this manner, the circuit of FIG. 9 can

" accommodate itself to a transmitter or seasor which

produces a voltage signal, such as a thermocouple or
potentiometer, without the need for changing the basic
circuitry, by operating the setting means 14 in a
straightforward manner.

A FURTHER MODE. In this mode, the FIG. 9
circuit is operated as the output ciccuit 68 which deliv-
ers an actuator control signal of a constant vgltage.

To actuate actuator 7, a voltage signal, e.g. Vout=1
to S volts, must be applied thereto. The FIG. 9 circuit is
connected as shown in FIG. 13. Acuator 7, which oper-
ates on a voltage signal of 1 to 5 volts, for example, is
connected between external terminals T1 and T2, as
shown in FIG. 13, via transmission path 95. In this case,
setting means 114 connects switch SW3 to contact al
under instructions from control unit 1 of FIG. 8. The
voltage divided by resistors R1 and R2 is fed back to
input terminal (—) of amplifier Ul so that regulator 112
operates in a constant voltage mode. Since voltage Vs is
applied to the other input terminal (+) of amplifier Ul
via terminal T3, output voltage Vout from regulator
112 is given by

Vour= ¥5.{1+(RL1/R2)}



operates in the constant current node. The connection of power supply

part 92, shown in FIG 18, is as follows, with reference|tg:&l A
termnal T3, showmn in FIG 11, is connected to control Ci r@JiELtA(%Mg‘\ghSHEET
in FIG 18. In this case, signal S17 fromcontrol circui 4 1s 0, T-®

S17=0. A DAC 69 shown in FIG 18 cor:gigsponds to signal opt put! Jedl 19921
shown in FIG 11. That is, only signal>Sl4 from signal output neans 115,
or DAC 69 of FIG 18, is applied to the input termnal (ferr]) of
anplifier Ul of FIG 11. As di scussed, signal s14 is anal og vol tage
signal in whi ch | ow frequency vol tage corresponding to the current o 74—
to 20 mMA is nmultiplexed with the nodul ated hi gh frequency vol tage signal

i ndi cating comuniThat is, avohkge rintapplidd. to ltebeiinal TOMFIG..13ansmi tted
from control circuit 94 shown in FIG. 8 such that Vout
assumes a value of 5 volts, for example.

In the embodiment, it is assumed that R< <RA,
wherein RA is the internal resistance of actuator 7.
Where resistance R is not negligible, the voltage signal
developed between both ends of resistor R is taken out
from terminal T4 as shown in FIG. 13 to correct the
value of voltage Vs applied to input terminal (<) of
amplifier Ul. In this manner, the circuit of FIG. 9 can
treat a voltage signal with the same circuit by operating
setting means 114 in a straight-forward manner.

Embodiment using combination of input signals and
two line transmission

FIG. 14 shows an example of the connection made
‘when a combination of a low frequency signal, such as
a DC power signal or a signal obtained by measure-
ment, and modulated wave, or communication informa-
tion, is transferred through a two line transmission path
91. The relation between the embodiment of FIG. 14
and the embodiment of FIG. 8 is as follows. The FIG.
14 embodiment does not use the output circuit 68 of
FIG. 8, and the output Si4 from DAC 69 is fed to
power supply part 92.

The interconnection of power supply part 92 of FIG.

. 14 will now be described with reference to FIG. 9.
. Control circuit 94 of FIG. 14 applies a signal S17 to
terminal T3 of FIG. 9. DAC 69 corresponds to signal
output means 115 of FIG. 9. The interconnection
shown in FIG. 8 can be casily changed to the intercon-
nection of FIG. 14 under instructions from control unit
1. Of course, the electrical circuit components shown in
FIG. 14 are the same as those of FIG. 8.




fromcontrol unit | to actuator 7. In FIG 18, comuni- cation information
ML originates fromsignal S8 deliv- ered fromcontrol unift JT Regutator
112, shown in FIG 11, operates in the constant current cuﬁgﬁ’tﬁ@ﬁ% IT |GHEET
V14 be the voltage of signal S14. Current Iout produced fir regur ator 132
Is given by [err] As aresult, as dess‘r‘i bed with refererce t'd FFIIGN 1987
power supply part 92 produces a signal °I'n which |ow fregyency current
conponents ia (corresponding to 4 to 20 mA) and high frequency conponent i b
(correspond- ing to the comuni cation information)are sugeri m posed.

The operation of signal conditioner 80 shown in FIG.
14 is as follows. It is necassary that transmitter 6 of FIG.
14 be supplied with a constant voltage of, for example,

24 volts, from a direct current power supply. It is as-
sumed that transmitter 6 of FIG. 14 is capable of receiv-
ing communication information M1 carried by a high
frequency or modulated wave superimposed om this
valtage of 24 volts. It is also assumed that transmitter 6
can send to input circuit 51 a combination of low fre-
quency signal of 4 to 20 mA and communication infor-
mation M2 carried by the high frequency or modulated
wave, the low frequency signal being obtained by mea-
surement. One exampie of communication information
M1, sent from signal conditioner 50 to transmitter 6, is
information about instructions for modifying the mea-
suring range of transmitter 6. One exampie of communi-
cation information M2, sent from transmizter 6 to signal
conditioner 50, is information indicating the measuring
range that is in response to communication information
M1

In this case, power supply part 92 of FIG. 14 is con-
pected as shown in FIG. 10 under control of control
unit 1. Regulator 112 delivers a constant DC voitage
(Vout=24 volts) from external terminal T1. Control
unit 1 produces transmitted signal S8. For example, it
delivers digital information M1 indicating measuring

. range L1 of transmitter 6.

Transmitted signal S8, or commuaication informa-
tion, which is produced form control unit 1 and indi-
cates measuring range L1 is supplied to digital signal
processing part 70 via photocoupler 75 and interface 78.
The signal is then changed into a digitally modulated
signal S12 indicating communication informadon M1
inside processing part 70 (see FIG. 1). Signal S12 is fed
to DAC 69 via adder 71.
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termnal P1, signal Vin con- taining information M2 about }[h§ response TO
i ncom ng communi cation infornmation M. Modul at ed signal pip i1s3 f HilN 11997
input circuit 51. Digi- -35.

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 result-
Ing analog signal is fed 10 power supply part 92. A
voltage signal Eo, for producing a diract current of 24
volts, is applied to input terminal (<) of amplifier U1 of
power supply part 92 connected as shown in FiG. 10.
Also, DAC 69, i.c., the signal output means 115, applies
a high frequency signal (F1G. 5(b)) to the same input
terminal (+). As 2 result, a constant DC voltage of 24
volts, on which the high frequency signal shown in

FIG. 5(5)-_ 1S superimposed, is supplied to transmitter 6
i‘:,m terminal P10 of FIG. 14 through transmission line
Transmitter 6 is powered with a direct current of 24
volts supplied via transmission line 102. Transmitter 6
demodulates the modulated wave superimposed on the
direct current, and sets its range to measuring range L1
indicated by the communication information MI.
Transmitter 6 converts a value measured in the field
into low frequency signal of 4 to 20 mA, and applies a
current lin to external terminal T2 shown in FIG. 140.
Current Iin is obtained by superimposing the high fre-
quency signal, or modulated wave signal, indicating the
sel measuring range, on the low frequency signal. Cur-
rent lin, containing 2 combination of these twa types of
" sigrals, is converted into 2 voltage signal by resistor R
and appears at terminal T4. This voltage signal is then
amplified by an amplifier (2ot shown) of input circuit 51
and fed to ADC S52. _

After the signal passes through ADC 52, photocou-
pler 65 produces a high frequency signal S5 indicating
the measuring range set by transmirtter 6. Photocoupler
66 produces measurement signal Sé indicating the value
obtained by transmitter 6. The operation has been al-
ready described in connection with FIG. 1.



tal signal processi

M2 (see FIG 1), by perform ng the above operations.
information M2, is sent to control unit 1. In the enbodi me
signal Vin sent fromactuator 7 contains only the conmmunicatijon i?l‘%or

tion and so only filter 53, of filters 3 and 55 included in [di[gi @%Jﬂﬂ?

=,

I S oper at ed. Circuit using ljow-pass—iilter

processing part 61,

-nformation

ng part 61 extracts signal Sl1, indicat- in
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FIG 21 shows an enbodi nment which is simlar to that portionjof FIG 1

whi ch begins with the input term nal
digital denod- ulator 54 and d
communi cati on i nf or maW beresign

]

P1 and ends with the outputs—ef
;gi tal filter 55. Denodul ator 54 delivers
eonditponcr ¥ ¢ohnertedbas shawgnial SE

i ndi cating the val UFIGht B, nspgly afe DCseleetritipower,Hrenshissiendbass filter

53, which can be

the value obtained by measurement, and bidirectional
communication can be simultaneously effected by inter-
connecting control unit 1, or signal conditioner 50, and
transmitter 6 via the two transmission lines. Alsc, the
embodiment can be modified to be as shawn in FIG. 14
without adding more circuit components to the embodi-
ment of FIG. 8. This modification can be readily made
according to control signals from contral unit 1.

To stmplify description of operation of FIG. 14, ref-
erence is made to FIG. 15 which combines main por-
tions of FIGS. 10 and 14. The reason why supply of DC
power, transmission of value obtained by measurement,
and bidirectional communication can be simultaneously
effected by interconnecting control unit 1, or signal
counditioner 50, and transmitter 6 via the two [ine trans-

" mission path, is described with reference w FIG. 15.

In FIG. 15, a power supply output controller 120
receives output signal S14 from DAC 69 shown in FIG.
14, output signal S14 being a transmitted signal of a high
frequency. Controller 120 controls, for example, output
voltage E from variable DC power supply Es according
to signal S14. Controller 120 comprises an operational
amplifier U2, for example. Signal S14 is applicd to one
input terminal (—). Applied to the other input terminal
{+) of amplifier U2 is a voltage signal Eo determining
the output voltage value E of power supply Es. Voliage
signal Eo is equivalent to signal Eo applied to terminal
T3 shown in FIG. 10.

Variable DC power supply Es comprises transistQrs

Q3 and Q4 whose collectors are connected with a

power supply Vcc and common, respectuvely. The
emitters of transistors Q3,Q4 are connected to one
transmission path $1. Power supply Es is equivalent to
transistor Q1 of FIG. 10. Power voltage Vcc, shown in
FIG. 15, is the same power voltage Vcc shown in FIG.

10.



replaced with a high pass filter, and |low pass filter 55 @& -
parallel. On the other hand, in FIG 21, two digital |ow pgggfﬁ&w1§%ti§g1—
133 are connected in series. The enbodi nent of FIG 21, Iljow frequency
signal SE and hi gh frequency conmuni cation informa- tion {S1} c4r a0 1987
separately extracted. Referring stild,to FIG 21, an inpuf ternminal Pl
corre- sponds to input termnal Pl shoWn in FIG 1. Aresfistor Ris
connected between input termnal Pl and common potential fvia a switch 136,

Switch 136 is turned ON and OFF under control of control unit 1 of FIG 1.
A signal, in which a |ow frequency signal ea indicating the val ue obtained

by Measurement, a §mmis§%iqoﬁl lﬁoc&Z%a)is géﬁhr&;d&idgbf ir@ﬂﬂﬁﬁzbtcﬁon]"r}[m! cation
Sl Tt 1 o BRI chin 200 B 0T gL IS
cstumed e o A AT AR SR R B e
shown in FIG. 15 is not shown. Detector 121 incorpo-
rates & microprocessar, extracts the high frequency

components, or signal S14, contained in DC voltage E
applied from signal conditioner 50, and controls trans-
mitter 6 according to information Ml indicated by signal
S14.

Transmitter 6 delivers a low frequency current of 4 to
20 mA according to value measured in the field. Volt-
age change detector 121 superimpases the high fre-
quency signal, or the modulated signal, on the low fre-
quency current produced from transmitter 6 and @ds
the resulting signal back to signal conditioner 50, Bigh
frequency signal containing information M2 responding
10 information M1 supplied from signal conditioner 50.

A resistor R is used 1o extract signal lin as 2 voltage
signal Vr, signal Iin being transmirtted via transmission
path 91. Resistor R is equivalent to resistor R shown in
FIG. 10.

Voltage VR obtained by resistor R is applied to 2 1oW
pass filter 55 and also to a band pass filier 53. Low pass
filter §5 produces a signal SE of 4 to 20 mA, signal SE
indicating the value obtained by measurement. Band

pass filter 53 produces component SD (FIG. 1) of the

_high frequency signal. In FIG. 15, an amplifier, for
‘amplifying the voltage signal VR from resistor R, and
ADC 52, shown in FIG. 1, 8, 14, are omitted.

The operation of embodiment of FIG. 15 is as fol-
lows, referring to FIGS. 16{a)-16(g). FIGS. 16(9)
shows signal s14, shown in FIG. 18.
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In this example, the signal varies in positive and nega-
tive directions. Operational amplifier U2 receives a
signal 14 shown in FIG. 16(a) and constant voltage
signal Eo, and controls output voltage E from variable
DC power supply Es according to the difference be-
tween them. In this manner, output voltage E sent 1o
the transmission path 91 from power supply Es changes
in response to high frequency signal S14 while signal
S14, whose voltage amplitude is indicated by Vdj, is
being produced as shown in FIG. 16(5). Voltage E sent
form variable power supply Es is given by

E=Eo+Vdl | )

Transmission block 80 varies current lin flowing
through transmission path 91 according to the process
control amount Tramsmitted current lin varies in an
analog manner within the range, for example, of from 4
to 20 mA, according to the process control amount
shown in FIG. 16(c). Current Iin is sent to signal condi-
tioner SQ via transmission path 91 and flows into resistor
R. A voltage signal VR as shown in FIG. 1§4) is pro-
duced across resistor R by transmitted current Iin. Volt-
age signal VR is given by

VR=R-lin ' ¢}

From equations (1) and (2), voluage V:L, applied
across transmission block 80 connected with the two
line transmission path 91, is given by

VL = E-~VR @)

= Eo+ Vdl = R.lin

Voltage V1 assumes a waveform as shown in FIG.
16{¢). In this way, voltage V1 applied to transmission
block 80 varies according to high frequency signal S14.
Voltage change detector 121, included in transmission
block 80, detects the change in voltage V1 and extracts
high frequency signal S14 sent from signal conditioner



Normal ly, a variable gain anplifier 131 anplifies the voltd0g_geveoped
Y 3 vol t ag e gﬁE 'pN'I;,SHEi:T

across resistor Rto a voltage level, e.g., | volt, which g

treated by the next stage of the circuit. The anplification
amplifier 231 is controlled by control unit 1 of FIG 1. hejguUHtM 1997
fromvariable gain anplifier 131 is appdied to [err] nodul dtgr 52, where

the signal is converted into digital Torm Mdulator 52 is|an oversanpl ed

analog to digital

converter. Since nodul ator 52 has al ready been

described in connection with FIG 3, it will not be fur- ther discussed
hereat. The sanpling frequency of nodu- Iator 52 is kept at a given

frequency, for exa
|l ow pass filter 1

I The out om nmodul at or |5 s supplied to
%Cinwggaﬁwm 1’1 IE%FICE’ngtmIJIeg%\W ngpgverage

of the plurality, rmdekaﬁrﬂrénmxssmn fuisceestnalled gccardingiss in-

formation M1. Voltage VL produced across transmis-
sion block 80 is so high that a rated voltage high enough
to operate transmission block 80 is maintained if flowing
transmission current Lin assumes its maximum value,
e.g. 20 mA.

ngh frequency modulated signal SZO or communi-
cation signal, which is transmitted from transmission
block 8@ to signal conditioner 50 varies transmitted
current Iin in positive and negative directions, for exam-
ple, as shown in FIG. 16{(c). High frequency signal S20
induces changes in voltage Vr develope across resistor
R. The low frequency signal, or a signal indicating the
value obtained by measurement, which is sent from
transmission block 80 and corresponds to the process
coantrol amount is passed through low pass filter 55, thus

" resulting in signal SE shown in FIG. 16(f}, where signal

SE from filter 55 takes an analog waveform. In practice,
however, signal SE is a digitally coded signal indicating
each instantaneous value of the amplitude of the analog

waveform. : .
High frequency modulated signal S20, or communu-

cation signal, sent from transmission block 80 is passed

through band pass filter §3, whereby a signal SD shown
in FIG. 16(g) is extracted. In FIG. 16{g), signal SD
produced from filter 53 is shown to assume an analog
waveform. In practice, however, it is a digitally coded
signal indicating each instantaneous value of the ampli-
tude of the analog waveform.

In the embodiment of FIG. 15, resistor R is con-
nected in series with two line transmission path 91.
Therefore, power voltage VL applied to transmission
block 80 is reduced accordingly. In particular, power
voltage VL applied to transmission block 80 is given by

Vi=E-lin-R #



produced from[err]-A nodul ator 52.
digital codes each assumng level | or O, at intervals of
Low pass filrer 132 tculize the 32 successive digi{al cotes—amd—t

vl U3 THUN gy

t he novi ng

[err].

di vides the cal cul ated value by 32 to conmpute the average
of operations is repeated for each ipué coded signal. Thu
average of the digital codes is calcul 9

operating in this manner,

in FIG 23. The output signal,
(FIG 22(b)) containing both a | ow frequency si gnal

I ndi cating the val ue obtained by a neasurenent and a hi gh frequency
comuni cation signal egb. The val ue of the corner frequencg fw of the
e

tally coded signal

filter

In particular, nodu- IW‘W-
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éd. Low pass fijter I3Z,

exhibits an attenuati on charactgristic 140 shown

The actual control signal of 4 to 20 mA can be sent
from control unit 1 to actuator 7 by connecting actuator
7 between terminals P10 and Pl via two line transmis-
sion path 95 without changing the structure of signal
conditioner $0 shown in FIG. 14. At the same time,
bidirectional communication can be effected between
control unit 1 and actuator 7. Where the embodiment of
FIG. 18 is operated, power supply part 92 is connected
to the embodiment of FIG. 11. In this case, switch SW3
is connected to contact a2, so that power supply part 92
operates in the constant current mode. _ _

The connection of power supply part 92, shown in
FIG. 18, is as follows, with reference to FIG. 11. A
terminal T3, shown in FIG. 11, is connected to control
circuit 94, shown in FIG. 18. In this case, signal S17
from control circuit 94 is O, i.e. S17=0. A DAC 69

" shown in FIG. 18 corresponds to signal output means

118 shown mm FIG. 11. That is, only signal S14 from
signal output means 115, or DAC 69 of FIG. 18, is
applied to the input terminal (+) of amplifier Ul of
FIG. 11.

As discussed, signal s14 is an analog voltage signal in
which low frequency voltage corresponding to the
current of 4 to 20 mA is multiplexed with the modulated
high frequency voltage signal indicating comrmunica-
tion information M1. Information M1 is transmitted
from control unit 1 to actuator 7. In FIG. 18, communi-
cation information M1 originates from signal S8 deliv-
ered from control unit 1.

Regulator 112, shown in FIG. 11, operates in the
constant current output mode. Let V14 be the voltage
of signal S14. Current Iout produced from regulator 112
is given by '

Jour=V14/R

As a result, as described with reference to FIG. 18,
power supply part 92 produces 2 signal in which low
frequency current compenents ia (corresponding to 4 to
20 mA) and high frequency component ib (correspond-
ing to the communication information)are superim-
posed.

ea

i ndicated by S30, fromfilter 132 TS a dorgr=




characteristic 140 showmn in FIG 23 can be varied by repl
wth a different value. This nodi- fication can be made in
signal fromcontrol unit 1. Control unit 1 can set the cor
such a value, e.g. 32, that the high frequency eb sent to
not cut by |low pass filter 132. - 41 -
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Actuator 7 is actuated with the incoming low fre-
quency component ia. Receiving circuit 7a produces a
modulated signal Vin to terminal P1, signal Vin con-
taining information M2 about the response to incoming

communication information M1.

Modulated signal Vin is fed to input circuit 51. Digi-

tal signal processing part 61 extracts signal S1,

indicat-

ing information M2 (see FIG. 1), by performing the
above operations. Sig'naI S§, indicating information M2,

is sent to control unit 1.

In the embodiment of FIG. 18, sxgnal Vin sent from
actuator 7 contains only the communication informa-
tion and so only filter §3, of filters 53 and §5 included in

digital signal processing part 61, is operated.

Circuit using low pass filter

FIG. 21 shows an embodiment which is similar to
. that portion of FIG. 1 which begins with the input

terminal P1 and ends with the outputs of digital

demod-

ulator 54 and digital filter 5§5. Demodulator 54 delivers
communication information S1. The output from filter
55 is signal SE indicating the value obtained by mea-
surement. In FIG. 1, band pass filter 53, which can be
replaced with a high pass filter, and low pass filter 55
are connected in parallel. On the other hand, in FIG. 21,
two digital low pass filters 132, 133 are connected in
series. The embodiment of FIG. 21, low frequency
signal SE and high frequency communication informa-

tion S1 can also be scparately extracted.

Referring still to FIG. 21, an input terminal P1 corre-

sponds to input terminal P1 shown ia FIG. 1. A

resistor

R is connected between input terminal P1 and common
potential via a switch 136. Switch 136 1s turned ON and
OFF under coatrol of contral unit 1 of FIG. 1. A signal,
in which a low frequency signal ea indicating the value
obtained by measurement, as shown in FIG. 22(2) and a
high frequency communication signal eb are superim-
posed, is applied to input terminal Pl. It is assumed that
low frequency signal ea of FIG. 22(a) and the frequency
components contained in communication signal eb lie
within a frequency range which is lower than frequency

fw shown in FIG. 23.




Back | ow pass filter 133 accepts the output data from the frpest—lau pass

filter 132 and cal cul ates the noving average of the eight, fJoRER i
successive digital codes delivered fromfranc filter 132. | IMEEH{’IEVT SHEET

ticular
back filter 133 totalizes the 256 (32 X 8 = 256) successive ldijgi; tgl
codes delivered from[err]-[err] rmdulaor 52 and divides the ca‘ §ur" Net997
val ue by 256. That is, back filter 133" akes the noving avefa

digital codes. Then, back filter 133 extracts signals of onfy those

frequencies which are | ower than those extracted by front | Ow-pass—tiltier
132. Back | ow pass filter 133, which operates as described above,
shows an attenuation characteristic 141 whose corner frequency is

indicated by fu in ElIG %r’; That  is, output signal SE fromback filter 133
is a digitally coddjormally, a variable gain amplifier 131 amplifies the

voltage develaped across resistor R to a voltage level,

€.g., 1 valt, which can be easily treated by the next stage
of the circuit. The amplification degree of this amplifier
131 15 controlled by control unit 1 of FIG. 1.

The output from variable gain amplifier 131 is applied
© X-A modulator 52, where the signal is converted into
digital form. Modulator 52 is an oversampled analog to
digital converter. Since modulator 52 has already been
described in connection with FIG. 3, it will not be fur-
ther discussed hereat. The sampling frequency of modu-
Iator 52 is kept at a given frequency, for example, 1

- MHz. The output from modulator 52 is supplied to low
pass filter 132.

Low pass filter 132 calculates the moving average of
the plurality, for example 32, of successive digital codes
produced from Z-A modulator 52. In particular, modu-
lator 52 produces digital codes each assuming level 1 or
0, at intervals of 1 MHz, or 1 usec. Low pass filter 132
totalizes the 32 successive digital codes and then divides
the calculated value by 32 to compute the average
value. This series of operations is repeated for each
irput coded signal. Thus, the moving average of the
digital codes is calculated.

Low pass filter 132, operating in this manner, exhibits
an attenuation characteristic 140 shown in FIG. 23. The

* output signal, indicated by S30, from filter 132 is a digi-
tally coded signal (FIG. 22(4)) conuaining both 2 low
frequency signal ea indicating the value obtained by a
mesasurement and a high frequency communication
signal cb. .

The value of the comer frequency fw of the filter
characteristic 148 shown in FIG. 23 can be varied by
replactng the value 32 with a different value. This modi-
fication can be made in response to a signal from control
enit 1. Control unit 1 can set the corner frequency 1o
such a value, e.g. 32, that the high frequency eb sent to
terminal P1 is not cut by low pass filter 132.



signal, as shown in FIG 22(c) which does not contan high f y_signal
eb but contains only the low frequency signal ea indicatin ACEMENT SHEET
derived by neasurenent. The characteristic of back | ow pas f—LL* ar

Meawhi | e, the high frequency conponents, or the comuni cat
are extracted via a digital conparat % 134 and a digital d

On'gdt}l it R 7
Com parator 134 conpares signal S30,"shown in FI G 22(b),

shown in FIG 22(c). Digital conmparator 134 conpares signgl S30, shown in
FIG 22(b), with signal SE shown FI G 22(c). Conparator 137 protuees—a

si gnal S31 whose code ghﬁfﬁﬂ%‘?nﬂﬂaﬁcéé 3t1hc &IPasfeom gnal SE.
Si gnal S31 indicates_t g fr?e“ l@ﬁgnq +€ f SFQEJC%E@\% Digital
nodul ator 1.35 can Bté? f‘? gf" Was Y gnal eb,
i.e., can denodul at cAVARER m%amgbh aF &mp s4cc=sswc digizal

codes delivered from front filter 132. In particular, back

filter 133 tocalizes the 256 (32X 8 =256) successive digi-

tal codes delivered from XZ-A modulator 52 and divides

the calculated value by 256. That is, back filter 133 takes

the moving average of the 256 digital codes. Then, back

filter 133 extracts signals of only those frequencies

which are lower than those extracted by front low pass

filter 132.

Back low pass filter 133, which operates as described
gbove, shows an attenuation characteristic 141 whose
corner frequency is indicated by fu in FIG. 23. That is,
output signal SE from back filter 133 is a digitally coded
signal, as shown in FIG. 22(c) which does not contain
high frequency signal eb but contains only the low
frequcncv signal ea indicating the valuc derived by
measuremest. The characteristic of back low pass filter

Meamwiule, the high frequency ¢ componcnt.s, or the
commuunication information, are extracted via a digital
comparator 134 and a digital demodulator 135. Com-
parator 134 compares signal S30, shown in FIG. 22(),
and signal SE, shown in FIG. 22(c). Digital comparator
I34 compares signal S30, shown in FIG. 22(5), with
signal SE, shown FIG. 22(c). Comparator 134 produces
a signal S31 whose code value varies whencever signal
S30 crosses signal SE. Signal S31 tndicates the period of

signal eb shown in FIG. 22(b). Digital modulator 135
can detect the frequency of the high frequency signal
eb, i.c., can demodulate the communication information
S1 according to the period.

_ The embodiment of FIG. 21 where the two Iow pass
filters are connected in series yields the following ad-
vantages. A digital low pass fiiter is simpler in hardware

. structure than a digital band pass filter and a digital high
pass filter and can be made of a fewer number of elec-
tronic circuit elements than the latter filters. That is, the
embodiment of FIG. 21 permits the novel signal condi--
tioner to be easily fabricated in the form of an IC. Ia this
manger, high frequency communication information S1
is extracted from demodulator 135, whereas low fre-
quency sxgnal SE indicating the value obtained by mea-
surement is derived from back low pass filter 133.




S1 according to the period. The enbodi nent of FIG 21 where the two | ow
pass filters are connected in series yields the foll ow ng adf‘“‘m%t—agas...én_,_
digital low pass filter is sinpler in hardware structure then@%ﬁmaﬁ'gﬁﬁg'
band pass filter and a digital high pass filter and can be s
nunber of elec- tronic circuit elenents than the latter fil er{s.: '§th ?99 f
the enbodiment of FIG 21 pernits théMmovel signal condi- {i td ge 7
easily fabricated in the formof an IC. In this manner, highjfreguemey
comuni cation information S1 is extracted from denodul ator 1B5, whereas | ow
fre- quency signal SE indicating the value obtained by nea- sure '

derived from back | ow pass Aabﬁﬁfaié?’atuined by invention

The invention accrues many advantages, such as
listed below.

1. With the invention, it is possible to accommodate
various transmitters and various actuators simply by
utilizing relatively few types of signal conditioners or
hardware. _

A signal supplied from a transmitter or seasor is con-
verted by the input circuit 51 into a voltage signal ex-
ceeding a certain level. This voltage signal is all con-
verted into digital form by ADC S52. Thus, a digital
signal corresponding to the cutput signal from the trans-
mitter or sensar is obtained from ADC 52, irrespective
of what type of transmitter or sensar is connected to the
signal conditioner. Thus, the digital signal produced by
ADC 52 contains information indicating the value ob-
-tained by measurement, as well as communication infor-
mation. Digital signal processing parts 61,70 extract the
value obtained measurement and communication infor-
mation, by performing arithmetic operation on the digi-
tal signal fed from ADC 52, the arithmetic operation
being adapted for the type of transmitter used. The
contents of the digital arithmeric operations performed
by digital signal processing parts 61,70 can be changed
by use of appropriate software.

In brief, in accordance with the mvention, the output
from each transmitter or sensor is converted into digital
form. Then, digital arithmetic operations suited to the
type of transmitter or sensor used are performed on the
resulting digital signal. In this manner, the value, ob-
tained by measurement, and the communication infor-
mation are extracted. Since the contents of the digital
arithmetic operations can be modified by use of appro-
priate software, the inventive signal conditioners which
are few in type can be readily be adapted to a variety of
transmitters and actuators.

Power supply part 92, shown in FIG. 9, can be
switched to any of the various circuits of differing func-
tions shown in FIGS. 10-13, by using in common the
circuit elements of FIG. 9. This also permits different
types of signal conditioners to accommodate various
types and numbers of transmitters and actuators.
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According to the invention, different types of signal
conditioners can be replaced with onec type of hard-
ware.

2. Signals can be appropniately transmitted and re-
ceived with the invention whether or not the connected -
transmitter or actuator has a communication functon.

3. The analog signal processing part of the prior art
typ< apparatus can be easily replaced by using the digi-
tal signal processing parts 61,70 of the invention. Digital
signal processing parts 61,70, ADC 52, and DAC 69 are
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 ADC 52,
shown in FIG. 1, and an oversampled DAC is used as
DAC 69, it is more easy to fabricate these components
in the form of an IC. This is now described with refer-
ence to FIG. 3. An analog to digital converter is re-
quired to be equipped with a prefiiter 81 to prevent
foldover noise due to sampling. Prefilter 81 comprises
amalog elements such as a capacitor. Thus, where the
ADC is fabricated in the form of an IC, the large size of
this analog prefilter 81 poses problems. However, in the
oversampled system, signals are sampled at a relatively
high speed and so the prefiiter 81 can be fabricated from
a small capacitor or the like. That is, the oversampled
converters are adapted to be incorporated in an IC.

4. In the invention, both the receiving circuit part and
the transmitting circuit part perform digital arithmetic
operations on input signals to obtain desired signals.
Thus, the contents of the digital arithmetic operations
can be modified by use of appropriate software if the
input or output conditions are changed. Thus, the in-
vention can quickly cope with modifications in external
conditions.

5. In the embodiments of FIGS. 14, 15, supply of DC
power, transmission of the values obtained by measure-
ments, and bidirectional communications can be simul-
tancously effected simply by interconnecting control
unit 1, or signal conditioner 50, and transmitter 6 via the

two transmission lines.
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operations performegkilled in the art. All such modifications and extensions

are 10 be considered to be within the spirit and scope of
the invention.

What is claimed is:
1. A signal conditoner connected to a transmitter via

a transmission path, said signal conditioner permitting
signals, including measurement information and com-
munication information, to be smoothly transmitted
between said transmitter and a control unit, said signal
conditioner comprising

input circuit means for receiving an output signal
from said transmitter via said transmission path and
for converting said output signal into an analog
voltage signal exceeding a given level;

analog to digital conversion means for converting
said analog voltage signal from said input circuit
means into a digital signal components from said
digital signal from said analog to digital conversion
mearns;

second digital filter means for extracting high speed
signal components from said digital signal from
said analog to digital conversion means;

first digital processing means for digitally processing
the extracted low speed components from said first
digital filter means thereby to obtain measurement
information; and

second digital processing means for digitally process-
ing the extracted high speed signal components
from said second digttal filter means thereby to
obtain communication information.

2. The conditioner of claim 1, wherein said transmis-

sion path comprises two transmission lines.

3. A signal conditioner connected to a transmitter via

a transmission path, the signal ~onditioner permitting
signals 10 be smoothly transmitted between the trans-

mitter and a control unit, said signal condxuancr com-
prising




by digital signal processing parts 61,70 can be changed by
appropriate qnffmmer——J—n—bri ef, in accordance with the |

out put fr L sensor is converted into di
Then, ngmnl ““lﬂ“"ﬂn peratlons suited to the type of tfa

sensor used aretperfoyned on the resulfjng digital signal

the val ue, ob- tained by neasurenent,” ®¥nd the comruni cati pn | nfor-_ natto

are extracted. Since the contents of the digital arithnet

use—of
W%Mﬁfﬁh&lﬂEET

tat

AT

| OT 111

JYR™997
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C operations can

be nodified by use of appro- priate software, the inventive signalr
conditioners which are fewin type can be readily be adapted to a variety
of transmtters and actuators. Power supply part 92, shown_in FIG 9, can
be switched to any & digital, mpdulagng cmeansowhichs émg'csmcﬁm ons shown
in FIGS. 10-13, by usidigitah stgmaioindicating communication informa-

tion transferred from the control unit to an actuator
and which produces 2 second digital signal corre-
sponding to each instantaneous value of the ampli-
tude of a modulated signal indicating the communi-

cation information;

an adder for producing a sum of a third digital signal
and said second digital signal, the third digital sig-
nal oorrspondmg to the amount to whxch the

acutator is controlled;

a digital to analog conversion means whxch receives
the sum from the adder and converts the output to

an analog signal; and

an output circuit which receives the analog output
signal from the digital to analog conversion means,
amplifies the analog signal, and sends the amplified

signal to the actuator.

4. The conditioner of claim 3, wherein said transmis-

sion path comprises two transmission lines.

5. The conditioner of claim 4, wherein said output

circuit comprises

a regulator capable of operating either in a constant
current mode in which the regulator supplies a
constant current to an external terminal connected
to one of said two transmission lines, or in a con-
stant voltage mode in which the regulator supplies

+a constant voltage to the external terminal; and

a mode switching means which switches the regula-
tor between the constant voltage mode and the
constant current mode, depending on the type of

actuator connected to the external terminal




circuit elements of FIG 9. This also permts different typ

condi ti onerWn ous types and nunbers of trja

ANRHEARIARH = o=

actuators.
I nventi on,

-45- Accor

6. A signal conditioner connected to an actuator via
two transmission lines, the signal conditioner permitting
signals to be smoothly transmitted between the actuator
and a control unit, said signal conditioner comprising

a power supply means which supphcs a DC current

to the actuator via the two transmission lines and
which can vary the DC current to the actuator via
the two transmission lines and which can vary the
DC current according to a high speed signal con-
taining communication information transferred
from the control unit.to the actuator;

an input circuit which receives a signal sent from the

actuator and converts the signal to an analog signal
which exceeds a given level;

an analog to digital conversion means for converting

the analog signal from the input circuit into a digi-
tal signal;

a digital filter for extracting high speed signal compo-

nents from the digital signal; and

a2 demodulating means which digitally processes the

extracted high speed signal components to extract
the communication information transferred from
the actuator to the control unit.

7. A signal conditioner connected 10 2 transmitter via
& transmission path comprising two transmission lines
and an external terminal connected to one of said two
transmission lines, said sigonal conditioner permitting
sxgna.ls including measurement information and com-
munication information, to be smoothly transmitted




conditioners can be replaced with one type of hard- ware. 2. Signals
can be app ceived with the invention whether

ate transmted and re-
or not the ﬂ@ HI!,L l)&ﬂ mtter or actuator has a conmmuni .
3. The ana sing part of the prior art type] fEPAAGEMENTBHEET
be easily repl aced by dsi ng the digi- ‘P al signal processing parts—6t—~0—of

the invention. Digital signal processing parts 61,70, ADC 52 ﬁrgi _{Pﬁ)ﬁ@
are digital circuits and are adapted to be easily fabricatjed}i the fOrm
of an IC. This enables mniaturization of the signal condilti omers et

an oversanpled ADC is used as ADC 52, shown in FIG 1, and an oversanpl ed
DAC is used as DAC 69, it is nore easy to fabricate these CompoeErTts—tn
the formof an IC. This is now described with refer-

between said transmitter and a control unit, said signal
conditioner comprising
power supply means disposed in said signal condi-
tioner for supplying DC power to said transmitter
via said transmission path;
mput circuit means for reccmng an_output signal
from said transmitter via said transmission path and
for converting said output signal into an analog
voltage signal exceeding a given level;
analog to digital conversion means for converting
~ said analog voltage signal into a digital signal;
first digital filter means for extracting low sped signat
components form said digital signal;
second digital filter means for extracting high speed
signal components from said digital signal;
first digital processing means for digitally processing
the extracted low speed signal components to
thereby obtain measurement information; and
second digital processing means for digitally process-
ing the extracted high speed signal components
thereby to obtain communication information;
wherein
said power supply means comprises
2 regulator capable of operating either in a constant
current mode to supply a constant current to said
+ external terminal, or in a constant voltage mode to
supply a constant voltage to said external terminal,
and
mode switching means for switching said regulator
between said constant current mode and said con-
stant voltage mode depending on the type of trans-
mitter connected to said external terminal of said
transmission path.




ence to FIG 3.—An—anal_og__t_oig'_tal converter is re- quired to be

equi pped with prevent fol dover noi se due to.saopling. ...

Prefilter 81 camm | ements such as a capaci _t(p{gpi_;ﬂ;m NWEET
e | of)

the ADC is fabricat ormof an IC, the large sjz
t I
! U

prefilter 81 poses problens Fbmever, Jn the oversanpled By
are sanpled at a relatively high speé@ and so the prefi
fabricated from a small capacitor or the like. That is,
converters are adapted to be incorporated in an IC 4.
both the receiving circuit part and the transmtting ci v 3 Hor
digital arithnmetic operations on input signals to obtain deS|red S|gnals

Thus, the contents of the digital arithnetic operations can be nodified by

use of appropri ate Soff WRiskghll iSR! cShn @il Wi e oS changed

Thus, the in two transmission lines, said signal conditioner pemit-
ting sxgnals. including measurement information and
communication information, to be smoothly transmitted
between said transmitter and a control unit, said signal
conditioner comprising

power supply means disposed in said signal condi-
tioner for supplying a DC voltage to said transmit-
ter via said two transmission lines and for varying
the DC voltage according to a high speed signal
containing commuaication information supplied by
said control unit to said transmitter;

input circuit means for receiving an output signal
from said transmitter and for converting the output
signal into an analog voltage signal exceeding a
given level;

analog to digital conversion means for converting
said analog voltage signal from said input circuit
means into a digital signal;

first digital filter means for extracting low speed sig-
nal compounents form said digital s:gnal

second digital filter means for extracting high speed
signal components form said digital signal;

first digital processing means for digitally processing
the extracted flow speed signal components form
said first digital filter means thereby to obtain mea-
surement information; and

second digital processing means for digitally process-
ing the extracted high speed signal components
from said second digital filter means thereby to
obtain communication information outputted from
said transmitter to said control unit.
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ventipn can quickly cope with nodifications in external conditions. ﬁﬁgk
the. enbodi ments of FI GS, 14, 15, supply of DC power, transm ssion of t

val ues obt ai ned by neasure- nents, and bidirectional cgj
simul -~ taneously effected sinply by i nt erconnecting cohtgep) AGEMENT, SIEET

signal conditioner 50, and transmitter 6 via the two transm.ssi-on—+nes
51, 12 SEP 1998
SIGNAL CONDITIONER
ABSTRACT -

A signal conditioner comprising a receiving part, a transmitting part, and a power
supply part, wherein the main functions of thes¢ components are digitalized and
common circuit elements are used for different functions. Signal conditions may be.
of several different types, each of which is a hardware which can accommodate
various transmitters and actuators. '

~ Fig. 1
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I nput, circ
transmtte
signal int
analog to
signal fro
fromsaid
nmeans;
conponent s
conver si on
processi ng
digital fi

uit means for receiving an output signal fromsaid
r via said transm ssion path and for converting said

out put

o an anal og vol tage signal exceeding a givé
digital conversion neans for converting sai (

BE&A&*&MEM SYEET

m said input circuit means into a digital sigdal

CONPONEntS

digital signal from saigdpanalog to digital (orvetglsﬁP'mga
second digital filter means for extracting high $pge si gnal
fromsaid digital signal from said anal og {o dlgltm
nmeans; first digital processing neans for digitally
the extracted | ow speed conponents fromsaid first
| ter neans thereby,_to obtain _measurenent_ . i nformanti on; and
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second digital processing neans for digitally process- ing the

extracted high speed signal conponents fromsaid sec@rd—ei-gtah—fitt-erm
nmeans thereby to obt ai n conmuni cation i nformation. ZREPUMEMENT SHEET

PN oW oS AL V.V oY

conditioner of claiml, wherein said transm s- sion path ¢orp-ses—twe

transm ssion |ines. 3. A signal conditioner connected t¢ ELtLgnQEFtﬁg%
via a transm ssion path, the signal congitioner permtting gighals to
snoothly transnmtted between the trans-“mtter and a cont §ol—uftt—satd

signal conditioner com prising
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REPLACEMENT SHEET - 47 - a digital nodul ating
means which receives a first digital signal indicating comunication

i nf or ma- tion transferred fromthe control unit to an actuator and
whi ch produces a second digital signal corre- spondi ng A

I nst ant aneous val ue of the anpli - tude of a nodul ated s gﬁﬁﬁﬁﬁﬁ?@étQ%T
t he communi - cation information; n adder for producihg{a sumof a
third digital signal and said seconti"digital signal, the {hi{irdl $ERii838

si g-

Fig.4 (@)

- - -

o -

Fig.D (b)

fo f1 fo fo T

fo fi N fo




nal corresponding to the anmount to which the acutator is controlled;
a digital to analog conversion neans which receives the sumfromthe
adder and converts the output to an anal og signal; and an__ouf put

circuit which receives the anal og out put signal from fﬁﬂiggﬂﬁmt%iﬁ
ar

anal og conversi on neans, anplifies the anal og signal, _
anplified signal to the actuator. 4. The conditione éf, ha%gv3 98
wherein said transm s- sion path conpr'i%és two transm ssign Ii1c1 S !g The
conditioner of claim4, wherein said output circuit conprijsds——a—regth-ator
capabl e of operating either in a constant current nodg in which the

regul ator supplies a constant current to an external

Fig.o

t
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or
a constant voltage to | RgEPeACERRAT SHEET

a node switching means which switches the fegwa

act uat or

and
bet ween the constant voltage node and the

dependi ng on the type of

to one of said two transm ssion |ines,
-48-
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t'erm nal

Jauojiipuo) ubis -

Hun : . 0§ 1040040V
W0HUOD i YT — = A e L pluue13
L 99042 juf HN2JID ,_lzy jnoJjuo
9. 0L —
J 8L\ J indino " . dmm_u
g P _ _ .
Uissadoldd |—{ova I
»[2UBIS 104ib1Q yUﬂml "
: 69 W, 02
CELINETIT 402410

b9y 19 “ VISERER)
= . A _
2s| | g d20d - _

1. id
buiSS830.d [<—{ 20V )55 —
<HPuIS 104010 A Vo
| 25 - induj |g | ;__ __wa &

14od Kyddns |

SIS . Jomod Mm“
_|I1_.==2_o
104}U0D s | | g ey

v6
| N 16




two transm ssion

6. A.signal conditioner connected to an actuator via
| ines, the signal conditioner permtting signals to b

transmtted between the actuator and a control unit, S
condi ti oner conprising a power supply neans which st
current to the actuator via the two transm ssion
whi ch can vary the DC current to the ac ator Vi a

DC curr 4

in
t

Mooy
aREPAGRMENT SHEET
pdrTesa b

es] 2nQEP 1998
e Two

nt

transm ssion |ines and which can vary {

mation transferred

according 1o a

hi gh speed signal con- t ai ni ng connunication i nf of

fromthe control unit to the actuator
a signal sent fromthe actuator and

si gnal
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whi ch exceeds a.given level; an analog to digital conversion neans for
converting the anal og signal fromthe input circuit into a digi-

tal signal; adigital filter for extracting high sp | ks
nents fromthe digital signal; and a denodul ati ng iﬁpﬁﬁg@ﬂdgfggﬁgf|

processes the extracted hi gh speed signal conponentp to extract
the comunication information transferregd from the hctlit P 4288 n
control unit. 7. A signal conditioner connected to tL ] ]

a transm ssion path conprising two transm ssion |ines nd an ext ernal
term nal connected to one of said two transm ssion |ines,.._sald. signal
condi tioner permtting signal s, including neasurenent information and
com muni cation information, to be snoothly transmtted
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"I 3 JUN 1991] between said transmtter

-49- |
and a control unit, said signal conditioner conprising power supply neans
di sposed in said signal condi- REPLACEMENT SHEET
9. 12 SEP 1998
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via said transm ssion

tioner for supplying DC power to said transmtter
fromsaid

I nput circuit nmeans for receiving an out put signal

pat h;

transmitter via said transm ssion path and f or convgrtirg—sai-e-out-put

signal into an anal og vol tage signal exceeding a gi \eREPARHMENTAGHEDD
sai d analjog-vottage—s+ghral

to digital conversion neans for converting
into a digital signal; first digital fidter means for ¢xtjraghi. MasSped
19 o 12 5E B

si gnal conponents formsaid digital "signal; second{di

means for extracting high speed si gnal components fr¢m sard—drgrteat
signal; first digital processing neans for digitally pfocesing t he
extracted | ow speed signal conponents to t her eby obt arnm measurement

i nformation; and second digital processing neas for digitally process-
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I ng the extracted high speed signal conponents thereby to obtain

comuni cation information; wherein said power supply_npeans conprises a
regul at or capabl e of operating either in a constant URE 4 "
supply a constant current to said external term nal, oﬁtrégﬂ@ ﬁgkgﬁgT
vol t age node to supply a constant voltage to said extlerjnal term nal,

and node swi tching neans for sw tching I d regul ator het Meﬁﬁ’ai%ﬁ
constant current node and said con- " stant voltage node pendi hg on fthg
type of trans- mtter connected to said external terifinal of said
transm ssi on path.
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condi ti oner conprising power supply nmeans disposed in said-signal_ condi-

tioner for supplying a DC voltage to said transmt- tern RERLAFEMENTHEET
transni ssion lines and for varying - the DC vol tage acconding-to 3 hjan -
speed si gnal cont ai ni ng comuni cation information supplfi gd €§ éﬁhd
control unit to said transmtter; i nput circuit neans fonf rlec 'vﬁﬁg
out put si gnal fromsaid transmtterqand for convertingjt he—output
signal into an anal og voltage signal exCeeding a gi ven{l evel ; anal og
to digital conversion neins for converting sai d anal og~wettage—signal
fromsaid input circuit meaans into a digital signal; first digital
filter means for extracting | ow speed sig- nal conponents formsaid
digital signal; -
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second digital filter means for extracting high speed
formsaid digital signal; first digital processing neans| fitt
.processing the extracted fl ow speed signal conponentsjf@rm sald
first digital filter neans thereby to obtain nea- - surprent] 2 rSEP 1698 op;
and second digital processing neans for digitally procesk- ing the
extracted hi gh speed signal conponents fromsaid secon Igital trTter
nmeans thereby to obtain connunicafi%%'infornation outputted from sai d
transmtter to said control unit.
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