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57) ABSTRACT 
An analog input device for data transmission systems 
wherein a digital address message from a central sta 
tion to a plurality of remote terminals initiates sequen 
tial scanning of the analog parameter points at the ad 
dressed remote terminal. A sensor has a resistance 
which varies in accordance with the magnitude of its 
associated analog parameter point, and a time-shared 
differential sensing circuit measures the voltage drop 
across the variable resistance of the sensor while a 
pulse of a precise reference current passes from a 
time-shared trunk line through the sensor. 
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ANALOG INPUT DEVICE FOR DATA 
TRANSMISSION SYSTEMS 

Generally speaking, the invention relates to digital 
data transmission systems, and more particularly to an 
analog input device for sensing the value of an analog 5 
parameter point at a remote terminal by measuring the 
voltage drop across a variable resistance carrying a pre 
cision reference current. 
The general advantages of multiplex digital data 

transmission systems are discussed in Reprint No. 949 10 
from Control Engineering written by Richard L. Aron 
son and entitled “Line-Sharing Systems for Plant Moni 
toring and Control' and include the capability of moni 
toring thousands of parameter points through shared 
lines connecting each of the points with a central sta- 15 
tion, thereby substantially eliminating wire costs and 
cable congestion. However, much of the analog input 
circuitry at the remote terminals of prior art systems of 
this character are unduly expensive, complicated, and 
inefficient and are sometimes prone to inaccuracies. 20 
Accordingly, it is a primary object of the present in 

vention to take advantage of the operational benefits 
inherent in a multiplex system while at the same time 
providing a simplified, inexpensive, accurate, efficient, 
and flexible method and apparatus to achieve auto- 25 
mated scanning and monitoring of analog inputs in 
heating and air conditioning systems, security systems, 
fire detection systems, process control systems, pollu 
tion control systems, medical monitoring, and the like. 
The most recent prior art multiplex data transmission 30 

system employing analog input signals with which we 
are familiar is disclosed in patent application Ser. No. 
176228, filed on Aug. 30, 1971, now U.S. Pat. No. 
3,747,067, entitled METHOD AND APPARATUS 
FOR DATA TRANSMISSION, which application was 35 
assigned to the assignee of the present application. Ac 
cordingly, it is a primary object of the present invention 
to provide an analog input device adaptable for use 
with the data transmission system of said patent appli 
cation without having to modify the basic circuit design 
of remote terminals therein. A related aspect is to pro 
vide an analog input device which operates on the same 
voltage supplies used in the remote terminals. 
Another object is to provide an analog input device 

which incorporates sensors having resistances which 
vary linearly with the change in magnitude of an asso 
ciated parameter point, such as resistance temperature 
devices, potentiometers, and the like. A related object 
is to eliminate the disadvantages of a Wheatstone 
Bridge circuit which is traditionally used to measure 
variations in a resistor, and provide an improved differ 
ential sensing circuit for directly measuring without 
calibration a voltage drop across the variable resistance 
of the sensor. 55 
A specific object of the invention is to provide an an 

alog input device of the foregoing character wherein a 
precision current is carried through a single time 
shared trunk line to the sensors, and the voltage drop 
across the sensors is measured by a single time-shared 60 
differential amplifier circuit, and wherein switching 
means simultaneously connects both the trunk line and 
differential amplifier circuit to a single sensor at a time. 
Another specific object is to provide an analog input 

device of the foregoing character wherein a relatively 65 
large precision current is pulsed through each sensor 
during a relatively short duty cycle, thus virtually elimi 
nating self-heating in the sensors. 
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A further specific object is to provide an analog input 

device of the foregoing character which includes in 
each sensor a two-wire line for carrying the precision 
current to the sensors and a separate two-wire line for 
communicating the voltage drop across the sensor to 
the differential amplifier circuit, and wherein both two 
wire lines on each sensor are bundled together in adja 
cent parallel positions within a shield, thereby making 
the measurement of voltage across the sensor substan 
tially independent of common mode noise and voltage 
drops in the precision current lines. 
An additional specific object is to provide a precision 

current source within an analog input device of the 
foregoing character, wherein a pair of matched resis 
tors having their bases connected are activated by a 
common voltage to produce identical precision cur 
rents, one of which is monitored by comparison with a 
stable reference voltage circuit such that any variation 
of current magnitude in the monitored current pro 
duces a feedback voltage on the bases to compensate 
for and eliminate the variation. 

Further purposes, objects, features, and advantages 
of the invention will be evident to those skilled in the 
art from the following description of the preferred em 
bodiment of the invention. 

In the drawings: 
FIG. 1 is a block diagram of a presently preferred em 

bodiment of an analog input device in combination 
with a remote terminal of a data transmission system; 
FIG. 2 is a schematic circuit diagram for the analog 

input device portion of FIG. 1; and 
FIG. 3 is a schematic circuit diagram for the preci 

sion current source of FIG. I. 
Generally speaking, the invention provides an analog 

input device 10 for sequentially sensing a plurality of 
analog parameter points at a remote terminal 2 of a 
data transmission system. Each parameter point has a 
sensor, such as 14 or 16, having a variable resistance 
which, under stable environmental conditions, changes 
in a direction and magnitude proportional to the pa 
rameter being monitored. 
When a digital address message carried from a cen 

tral station 18 to a plurality of remote terminals 12 
identifies a specific remote terminal and certain param 
eter point(s) therein, control logic 20 initiates the scan 
ning of the parameter point(s) by passing a pulse of 
current having a known precise value through a time 
shared trunk line 22 to the sensors 14, 16. A time 
shared differential sensing circuit 24 measures the volt 
age drop across the variable resistance of the sensor as 
the precision current pulse passes therethrough. Thus, 
one, or some, or all of the analog parameter points can 
be sequentially scanned in any order at a remote termi 
nal 12 by using only one trunk line 22 for carrying the 
precision reference current and only one differential 
sensing circuit 24 for measuring the voltage drop across 
the sensors 14, 16. Since each variable resistor 14, 6 
is connected in parallel to the trunkline 22 and the dif 
ferential sensing circuit 24, parameter points can be 
added or deleted without changing the basic circuit de 
sign of the analog input device 0. Moreover, the usual 
inaccuracies due to self-heating and cable voltage drop 
are virtually eliminated, and fluctuations in the value of 
the precision reference current are prevented, all as de 
scribed in more detail hereinafter. . 
Although the analog input device is useful in any sys 

tem as a separate element for sensing analog parameter 
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variations by measuring the voltage drop across a vari 
able resistance, the invention was specifically devel 
oped for and is presently being used in combination 
with the previously identified digital multiplex data 
transmission system, as shown in FIGS. 1 and 2. Binary 
address messages are carried over one transmission line 
26 from the central station 28 to the remote terminals 
12. When a receiver 28 in the remote terminal 12 iden 
tifies its own address, a scanning signal is transmitted 
over a line 30 to a multiplexer 32 which initiates scan 
ning of one or more of the sixteen exemplary analog pa 
rameter points. When each point is scanned, the result 
ing analog sample passes through the differential sens 
ing circuit 24 including a differential amplifier 34, and 
a range or scaling amplifier 36 which amplifies the ana 
log signal over the broadest range possible for that par 
ticular parameter point, as determined by the range 
control 38 coupled between line 30 and the range am 
plifier 36. The output signal from the range amplifier 
36 is converted to a digital word by an analog to digital 
converter 40 for transmission by remote transmitter 42 
along line 44 back to the central station 28. A power 
supply 46 in the remote terminal 12 provides voltages 
such as +5 volts and 15 volts along line 48 to the dif 
ferential sensing circuit 24, the multiplexer 32, and also 
to a precision current source 50 which generates the 
precision reference current through the trunk line 22. 
Thus, all necessary power for the analog input device 
10 is provided by the existing power supply 46 of the 
remote terminal 12. 
Referring now to FIG. 2, exemplary sensors Nos. 1, 

2 and n, identified as 14, are platinum resistance tem 
perature devices having an electrical resistance which 
varies linearly with the change in temperature. Thus, a 
decrease or increase in the temperature of the sur 
rounding medium being sensed causes a proportional 
decrease or increase in the resistance of the sensor. Ex 
emplary sensor No. x, identified as 16, is a potentiom 
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eter which can be coupled to certain analog parameters 
being sensed such that the variation of the resistance of 40 
the sensor is proportional to and accurately reflects the 
variation in the parameter. Of course, the invention is 
not limited to any particular sensor or parameter, but 
is applicable to any analog parameter whose variations 
can be reflected as proportional changes of resistance 
in a sensor. The use of the symbols No. n and No. x 
indicate the expandability of the number of analogpa 
rameter points that can be sensed without changing the 
basic circuit of the analog input device 10. 
Each sensor 14, 16 is connected in series both with 

a first two-wire line 52 attached at one end through a 
switch 54 to trunk line 22 and to ground at the other 
end, and with a second two-wire line 56 which is con 
nected at each end through switches 58, 60 to the dif 
ferential amplifier 34. Thus, since the differential am 
plifier 34 measures only the voltage drop across the 
sensors 14, 16 and is unaffected by the voltage drop in. 
the first two-wire line 52, the sensors can be placed 
hundreds of feet away from the differential sensing cir 
cuit 24 and from each other without hampering the ac 
curacy of the scanning. In this regard, the differential 
amplifier 34 draws no substantial current through the 
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two-wire line 56, thus avoiding any inaccuracy due to . 
a possible voltage drop in that line when it is also ex 
tended hundreds of feet. Moreover, by aligning all four 
wires of lines 52 and 56 parallel to each other within a 
shield, such as 61, most common noise is rejected and 

65 

4. 
does not interfere with the accuracy of the scanning 
operation. 
The multiplexer 32 through proper operation of its 

switches 54,58, 60 by its control logic 20 causes only 
a single sensor at a time to simultaneously conduct cur 
rent and have its voltage drop measured. In the pre 
ferred embodiment, a relatively high precision refer 
ence current of 10 milliamps is sufficient to obtain an 
accurate measurement of voltage drop across the sen 
sor, while the duty cycle during which a pulse of cur 
rent passes through the sensor is short enough to pre 
vent any significant increase in the variable resistance 
due to self-heating of the sensor. Also, since the 
switches 54,58, 60 remain open for all sensors not cur 
rently being scanned, the precision current source 50, 
trunk line 22 and differential sensing circuit 24 can be 
time-shared, thereby reducing significantly the number 
of wires and circuit elements needed in a remote termi 
nal 12 having a number of analog parameter points. 
In addition to the differential amplifier 34, range am 

plifier 36, range control 38, and analog to digital con 
verter 40, the differential sensing circuit 24 includes a 
reference voltage source 62 connected through line 64 
to the precision current source 50 and also connected 
through line 66 to an offset bias generator 68 which is 
coupled to the range amplifier 36. When the analog pa 
rameter point is at the bottom of its range, the offset 
bias generator 68 assures that there is no response sig 
nal produced by the range amplifier 36. 
In order for the voltage measurement across the sen 

sors 14, 16 to be accurate and therefore correctly re 
flect the instantaneous resistance of the sensors, the 
precision current source 50 has built-in safeguards to 
assure a constant current output on the trunk line 22. 
Referring now to the illustrated embodiment of the pre 
cision current source 50 in FIG. 3, a supply voltage 70 
of 15 volts is applied across matching pnp transistors 
72, 74 to produce a precision reference current of 10 
milliamps on the trunk line 22 and a monitored refer 
ence current of 10 milliamps on a line 76 through a re 
sistance 78 to ground. One of the matching resistors 80, 
82 in the respective transistor input lines is variable to 
assure identical current outputs in the initial condition. 
A monitoring and feedback circuit is incorporated 

between the line 76 and a line 84 connecting the bases 
of the two transistors 72, 74 and includes a high gain 
comparator amplifier86 which compares the two volt 
ages at 88,90 and generates any necessary compensat 
ing output through a resistor 82 to the line 84. The volt 
age at point 88 is the same as on line 76 between the 
transistor 72 and the resistor 78 since point 88 is con 
nected to line 76 through a large resistor 92 which nor 
mally conducts no current. Point 90 lies on a line con 
nected in one direction through resistor 94 to ground 
and in the other through resistor 96 to a stable refer 
ence voltage 98 of about 8 volts. In the exemplary em 
bodiment, a current of 10 milliamps through a resistor 
78 of 300 ohms causes point 88 to be 3 volts, and an 
8 volt reference voltage at 98 applied to a resistor 96 
of 5K ohms and a resistor 94 of 3K ohms causes point 
90 to also be 3 volts. The comparative amplifier 86 is. 
activated by +15 volts at 100, 102. It will therefore be 
appreciated to those skilled in the art that the foregoing 
circuit monitors the line 76 and detects indirectly any 
variations in the precision current output in trunk line 
22, and also provides a feedback output to the base of 
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transistor 74 to eliminate immediately and compensate 
for such variations. 

In the illustrated form, a voltage of 5 volts at 104 is 
applied through two antilatch diodes 106,108 in series 
to line 84 to keep the feedback under control. Also, a 
clamp circuit of three diodes 110, 112, 114 in series 
connected from trunk line 22 to ground and side cou 
pled through resistor 116 to a voltage 118 of 5 volts 
serves to draw current from the transistor 74 when no 
current is being drawn through trunk line 22. The 
clamp circuit thus prevents the transistor 74 from be 
coming saturated and possibly developing characteris 
tics dissimilar to its identical companion 72. 
Although an exemplary embodiment of the invention 

has been disclosed herein for purposes of illustration, 
it will be understood that various changes, modification 
and substitutions may be incorporated in such embodi 
ment without departing from the spirit of the invention 
as defined by the claims which follow. 
We claim as our invention: 
1. A method of obtaining analog input signals from 

a plurality of independent sensors each displaced an 
appreciable distance from each other and each having 
a resistance which varies according to the magnitude of 
its own associated analog parameter point including the 
steps of: 

generating a precision direct current; and 
monitoring repeatedly the resistance value of each 
sensor over a substantial period of time to detect 
any variation of the magnitude of its associated pa 
rameter, said monitoring step including conducting 
a pulse of said precision current through said sen 
sor during a first time period while simultaneously 
measuring the voltage differential between the be 
ginning and end points of the sensor, and terminat 
ing and ceasing said conduction and measuring 
steps during a second time period subsequent to 
and substantially longer than said first time period 
to prevent the magnitude of the resistance from in 
creasing due to self heating caused by the current 
passing through the sensor, and wherein said con 
ducting and measuring steps are sequentially per 
formed on each of the other sensors during the sec 
ond time period without performing said conduct 
ing and measuring steps on more than one sensor 
at any given time. 

2. The method of claim 1 wherein said monitoring 
step is performed on a plurality of separate tempera 
ture sensors each having a resistance which varies in 
direct proportion to its change of temperature. 

3. A method of obtaining analog input signals from 
a plurality of sensors each having a resistance which 
varies according to the magnitude of an associated ana 
log parameter point including the steps of 
generating a precision current including applying a 
supply voltage to a pair of matched transistors hav 
ing a common base voltage to produce two identi 
cal current outputs, monitoring one of the current 
outputs to detect any variation in current output, 
and changing the base voltage to compensate for 
and eliminate any variation in current output de 
tected by said monitoring step; 

conducting a pulse of the precision current through 
a sensor; and 

measuring the voltage drop across the variable resis 
tance of said sensor during said conducting step. 
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6 
4. The method of claim 1 wherein said conducting 

step includes conducting a pulse of the precision direct 
current to and from each sensor through its own two 
wire transmission line; 

said measuring step includes measuring the voltage 
drop across the variable resistance of each sensor 
through its own two-wire monitoring line separate 
from said two wire transmission lines and con 
nected thereto only at the opposite ends respec 
tively of such sensor; 

and said monitoring step further including time 
sharing a single trunk line to carry the precision 
current sequentially to the two-wire transmission 
line of each sensor, and time-sharing a single differ 
ential amplifier circuit connected to the two-wire 
monitoring line of each sensor. 

5. Apparatus for obtaining analog input signals from 
a plurality of independent sensors displaced apart from 
each other and each having a resistance which varies 
according to the magnitude of its own associated ana 
log parameter point, including: 
current source means for generating a precision di 

rect current; 
a trunk line connected to said current source means; 
a plurality of separate current transmission lines each 
connected in series with a sensor and in parallel 
through its own respective current switch to said 
trunk line to carry a pulse of direct current through 
a particular sensor only when said current switch is 
closed; 

differential amplifier means for measuring the volt 
age drop across each of said sensors; 

a separate pair of detection lines for each sensor con 
nected at one end through their own respective 
pair of detection switches to said differential ampli 
fier means, and connected at the other end to said 
current transmission line immediately adjacent the 
ends of the sensor to measure only the voltage drop 
across the sensor itself while said pulse of direct 
current is passing therethrough; 

shield means surrounding the transmission and detec 
tion lines for each sensor to prevent errors caused 
by extraneous voltages; 

switching means connected to all of said transmission 
and detection switches for repeatedly monitoring 
the resistance value of each sensor over a substan 
tial period of time by sequentially operating said 
switches to simultaneously connect said generating 
means and said differential amplifier means to only 
a single sensor at a time to allow a pulse of said pre 
cision current to pass through said sensor during a 
first short time interval while said differential am 
plifier means measures the voltage drop across the 
variable resistance of said sensor, and for discon 
necting said sensor during a subsequent longer sec 
ond time interval to prevent self-heating of the sen 
sor due to current flow therethrough. 

6. Apparatus for obtaining analog input signals from 
a plurality of sensors each having a resistance which 
varies according to the magnitude of an associated ana 
log parameter point, indluding: 
means for generating a precision current including a 
pair of matched transistors having a common base, 
monitoring circuit means connected to one of said 
transistors for detecting variations in the magni 
tude of precision current being generated, and 
feed-back circuit means coupling said monitoring 
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circuit means to said common base of said matched 
transistors for eliminating any detected variations 
of said precision current; 

separate transmission circuit means associated with 
each of said sensors, respectively, for connecting 5 
said generating means with each of said sensors; 

differential amplifier means for measuring the volt 
age drop across said sensors; 

separate detection circuit means associated with 
each of said sensors, respectively, for connecting 10 
said differential amplifier means with each of said 
sensors; and 

switching means coupled to each of said transmission 
and detection circuit means for simultaneously 
connecting said generating means and said differ- 15 
ential amplifier means to only a single sensor to 
allow a pulse of said precision current to pass 
through said sensor during a short time interval 
while said differential amplifier means measures 
the voltage drop across the variable resistance of 20 
said sensor. 

7. A data transmission system for transmitting binary 
address messages from a central station to a plurality of 
remote terminals each having a single low-voltage 
power supply, and for transmitting binary response 25 
messages from the addressed remote terminal to the 
central station, wherein one of said remote terminals 
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8 
includes: 
a plurality of sensors each having a resistance which 

varies according to the magnitude of an associated 
analog parameter point; 

first circuit means connected in parallel with each of 
said plurality of sensors for carrying a current 
through said sensors; 

a precision current supply circuit connected to said 
first circuit means; 

second circuit means connected in parallel with each 
of said plurality of sensors and aligned with and ad 
jacent to said first circuit means for measuring the 
variable resistance of said sensors while said preci 
sion current is passing therethrough; 

a shield member surrounding the aligned portions of 
said first and second circuit means; 

switching means connected with said first and second 
circuit means for allowing a pulse of said precision 
current to pass through only one sensor at a time 
while limiting the measurement of said voltage 
drop to said particular sensor carrying said preci 
sion current pulse; and wherein 

said single low-voltage power supply is connected to 
said precision current supply circuit, said second 
circuit means and said switching means. 
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