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(57) Abrége/Abstract:

A method and apparatus are disclosed for measuring a resistance of a sensor. The apparatus injects a first test current into the
sensor and then measures a substantially stable first voltage level across the sensor when the first test current is present. The
apparatus then injects a second test current into the sensor, the second test current being substantially equal to but opposite In
polarity to the first test current. A substantially stable second voltage level across the sensor is measured when the second test
sighal Is present. Using the first measured voltage level and the second measured voltage level, the apparatus calculates the
resistance of the sensor.
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ABSTRACT OF THE DISCI.OSURE

A method and apparatus are disclosed for measuring a
resistance of a sensor. The apparatus injects a first test
current into the sensor and then measures a substantially
stable first voltage level across the sensor when the first
test current is present. The apparatus then injects a second
test current into the sensor, the second test current being
substantially equal to but opposite in polarity to the first
test current. A substantially stable second voltage level
across the sensor is measured when the second test signal is
present. Using the first measured voltage level and the
second measured voltage level, the apparatus calculates the

resistance of the sensor.
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| CIRCUIT FOR MEASURING
SOURCE RESISTANCE OF A SENSOR

BACKGROUND OF THE INVENTION

This invention relates to a circuit for
measuring a source resistance of a sensor. In
part.icular, this invention provides for measurement of
the source resistance of the sensor by applying a known
test current to the sensor to obtain substantially
stable voltages, and measuring the resulting voltages to
calculate the source resistance.

Continuous measurement of electrodes in a
solution is known throughout the art. For example,
Blackmer in U.S. Patent 3,661,748 discloses a device in
which an ac signal is applied via an electrode to the
conductive fluid in which the electrode system is
disposed. An ac signal detector is connected to the dc
circuitry to measure the ac current flow. A threshold

circuit responsive to the output of the ac signal
detector indicates fault in the electrochemical sensor

system when the output is of a predetermined magnitude.
The system measures a change in resistance of the
electrode membrane by a phase detector using the ac
signal source as a phase reference. A resistance
threshold is provided such that an alarm will sound when
the threshold is exceeded. |

Connery et al., U.S. Patent 4,189,367 disclose
another system for testing electrodes. In Connery et

al., the electrodes comprise a glass membrane pH
electrode and a reference electrode. The membrane is
tested for damage during periodic testing periods by
appiying a test current through the electrodes and

measuring the corresponding changing voltages produced
between the electrodes. A reverse current of the same
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magnitude and duration is then applied through the
electrode system to discharge capacitance. The test
system does not test the reference electrode. and PH

electrode separately.
While it is important to monitor sensor

electrodes while the sensing system is in use, it is
desirable to do this quickly, with low power
consumption, and without corrupting the data signal.
Some prior art systems are very slow because capacitors
are used to measure resistance. Very large resistances
have large RC time constants which makes measurement
slow. Many prior art systems are not properly isolated
or shielded, thus allowing stray capacitances to effect

the values being measured.

| Previous prior art systems have also disclosed
that bulk resistances of a membrane, such as a glass
membrane, can be measured by passing a unidirectional

would produce erroneous results.

SUMMARY OF THE INVENTION

The present invention provides a fast acting
apparatus to measure the resistance of a sensor in a
substance without substantially upsetting the data due
to sampling by applying a known test current to the
sensor. The sensor can have virtually any input

resistance.
Generally, the apparatus injects a first test

current into the sensor and then measures a
substantially stable first voltage level across the
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sensor when the first test current is present. The
apparatus then injects a second test current into the
sensor, the second test current being substantially
equal to but opposite in polarity to the first test
current. A substantially stable second voltage level
across the sensor is measured when the second test
signal is present. Using the. first measured voltage
level and the second measured voltage level, the
apparatus calculates the resistance of the sensox.

In a preferred enbgdiment, an oscillating
signal is generated to drive the apparatus of the
present invention. Portions of the oscillating signal
are then made available at inputs of a differential
amplifier. The differential amplifier provides the
positive test current and negative test current
repetitively to the sensor.

The differential amplifier is connected to the
sensor by means of coaxial cable. The coaxial cable is

boot -strapped to reduce the effect of input capacitance,
and to improve the speed of the apparatus. The result

of the present invention is that the sensor resistance
can be measured simultaneously and on a continuous basis

without upsetting readings corresponding to the sensor

source voltage.

BRIEEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a circuit diagram of a measuring

apparatus of the present invention;
Figure 2 is a circuit diagram of an analog

output portion of the circuit of Figure 1;
Figure 3 is a timing diagram showing the on
times and off times of voltages at various points of the

circuit of Figure 1;
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Figure 4 is a schematic and block diagram of
a second embodiment of the present invention; and
Figures 5A and SB together are a "éartial
detailed circuit diagram of the circuit of Figure 4.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention provides an apparatus to
measure the source resistance of a sensor by injecting
a known test current. Source resistance is the internal

‘resistance of the sensor along with any external

conditions such as coating or cracking of the sensor,
which together may change the total resistance of the
sensor as measured from a monitoring device connected to
the sensor.

These sensors further produce a source voltage
that is received by the monitoring device. The source

voltage is a signal representing a parameter or
condition that the sensor is measuring. It should be

understood, that the present invention will be described
with reference to a pH sensor but the present invention
is applicable to other sensors with a broad range of
source resistances such as selective ion sensors, oxygen
sensors and the like. .

Source resistance can be measured by injecting
a known test current into a test electrode. The
resultant change in voltage divided by the test current
is equal to the source resistance. In the present
invention, a test current is to be injected into the
electrode alternately 1in each polarity with equal
magnitude and time duration. By injecting current in
this manner, the total average charge to the electrode
will be zero for a complete test cycle. For a pH
electrode, application of a reverse current discharges

capacitance in the electrode and prevents unidirectional
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ionic migration in the electrode glass. The resultant
voltages caused by the switched test current will be
stored and then sampled. By taking the sum and
difference of the resultant voltages, the source-{réltage
and source resistance can be calculated. An alternative
way to calculate the resistance and voltage of the
sensor is to digitize the resultant voltages with an
analog to digital (A/D) converter and have a wmicro-
processor compute the source voltage as well as the
source resistance.

Calculating the source resistance allows the
user to determine the integrity of the sensor and thus
determine the relative accuracy of the sensor system.
Sensor systems which have electrodes i1mmersed in
solutions, such as pH sensors, may become coated over
time. Electrodes that get coated over time slowly
increase 1in resistance. To protect against using a
sensor system 'with over-coated electrodes, the user
preselects a maximum allowable resistance into a
microprocessox and when that value 1is sensed by the
circuit 'of the present invention a fault indicator
informs the user that replacement, maintenance, and/or
recalibration is necessary. In the same way, electrodes
may become cracked or broken. The characteristic of a
cracked or broken electrode is a sharp decrease in
electrode resistance. 1In this case, the user preselects
a minimum value for the electrode resistance into the
microprocessoxy. If, and when this value is detected by

the circuit, a fault signal is generated.
Figure 1 illustrates a schematic and block

diagram circuit of an input portion of the resistance

measuring apparatus of the present invention. A sensor,
shown generally at 10, 'is connected across terminals 20A
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and 20B, has an source resistance 12 R, and an source
'voltage 14 e;,. A positive test current i.,, Yepresented
by arrow 16, and a negative test current i,
represented by arrow 17, are injected through resistor

20A and 20B. Terminal 20A is connected via a coaxial
cable 22 to input 21 of an amplifier 24. The shield of
coaxial cable 22 is connected to input 23 of amplifier

10 24. |
Amplifier 24, is a voltage follower amplifier

with high resistance input and very low bias current,
which means the bias current is much less than the
injected current through the sensor 10. For sensors

15 that have high source resistance, an amplifier with very
high amplifier resistance would be the best. Since
amplifier 24 is a voltage follower amplifier, an output
voltage e, at an output terminal 26 of amplifier ‘24 is

substantially equal to the input voltage at terminal 21.
20 As lllustrated, the coaxial cable 22 is boot-

strapped to reduce the effective input capacitance and
to improve the speed of the sensor 10. Boot-strapping
is done by driving the coaxial shield and surrounding
guard straps of cable 22 with the output voltage at
25 terminal 26. Since the voltage at terminal 26 is equal
to the voltage at terminal 21, there is no voltage
change across the cable 22 and thus, the coaxial
capacitance of cable 22 does not inject charge into the

input terminal 21.
30 The voltage at terminal 26 drives a

differential amplifier 28 which includes resistors 30,
32, 34 and 36. The resistors 30 and 34 are equal to
each other and collectively will be referred to as R..

SUBSTITUTE SHEET
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The resistors 32 and 36 are also equal to each other and
collectively will be referred to as Ry. It is very
important that resistors 30 and 34 are matched-to equal
each other and that resistors 32 and 36 are also equal

to each other since errors in the injected current
through resistor 18 would result if each of the above-
mentioned resistor pairs were not mwmatched. The
differential amplifier 28 produces. an output voltage e,
at terminal 38 as a result of, input voltages e, and e,
applied to signal lines 40 and 42, respectively,

according to the equation below where the gain of the
amplifier 28 is Rp/Ry-

Re
R

n

et“ [(ez_ei) ] +eo

EQUATION (1)

If the voltage e, on signal line 40 1is equal
to the voltage e, on signal line 42, then the output
voltage e, at terminal 38 would be equal to the voltage
e, at terminal 26 and the voltage e, at terminal 20A.
If the voltage e, is equal to the voltage e,, then there
would be no voltage across resistor 18 and therefore no
current will be injected into the sensor 10.

| Switches 44A, 44B, 46A and 46B control the
voltage 'applied to signal 1lines 40 and 42. For
instance, if switch 44A is closed and switch 44B is
open, a positive reference voltage e_., at terminal 52
is applied to signal line 40. Similarly, if switch 44B
is closed and switch 44A is open, a negative reference
voltage e,... at terminal 54 will be applied to signal

line 40. Switch 44B is tied to signal line 45 as is
switch 442 but switch 44R- operates opposite to switch

SUBSTITUTE SHEET
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44A so that switch 44B is always closed when switch 442
is open and vice-versa. Switches 46A and 46B are
simlilar to switches 44A and 44B and are connected to
signal line 47 with switch 46R operating opposite to
5 that of switch 46A. Thus, if switch 46A is closed ang
switch 46B is open, the positive reference voltage € at.
at terminal 52 is applied to signal line 42. Whereas,
if switch 46B is closed and switch 46A is open, thé
negative reference voltage e_. at terminal 54 is
10 applied to signal line 42.

A timing logic system 56 provides control
signals on signal lines 45 and 47 and this activates
switches 44A, 44B, 46A and 46B. An oscillator 58 drives
the timing logic system 56 with a suitable signal

15 provided on signal line 57. By controlling‘ the switching
of switches 44A, 44R, 46A and 46B, the timing logic
system 56 generates the injector test currents i., and
i.. as represented by arrows 16 and 17, respectively.

For instance, by switching the signal line 42 to the
20 positive reference voltage e.,., at terminal 52 while the
signal line 40 is connected to the negative reference
voltage e,.. at terminal 54, the positive test current
i., will flow through resistor 18. The value of the
positive test current i,, is represented by the

25 following equation.

R
( Cref+ e.ref-) EE
i, =— ¥ EQUATION (2)

Whereas, switching the signal line 40 to the
positive reference e,,, at terminal 52 while the signal

line 42 is connected to the negative reference voltage

SUBSTITUTE SHEET
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©rer- At terminal 54 generates the negative test current
i,. which will flow through resistor 18 in an opposite
direction from i,, 16. The value of the negative test
current i,  1is represented by the following equation.

EQUATION (3)

It should be noted that there are other ways
to generate the test currents i,, and i... For example,
the signal line 40 could be grounded and a symmetrical
oscillating voltage above and below ground could be
épplied to the signal line 42. Alternatively, the
signal line 42 could be grounded and the symmetrical
oscillating voltage could be applied to the signal line

40.
The voltage across terminals 20A and 20B when

the test current i,, 16 is applied is given by the
following equation:

€, = €, + 1. R, EQUATION (4)

Likewise, when i.. 17 is applied to the sensor
10 the voltage across terminals 20A and 20B is given by
the following eqguation:

€p = €5 *+ 1. KR EQUATION (5)
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The timing logic circuit 56 also controls a

sample and hold circuit comprising switches 48 and 50

and capacitors 60 and 62. Signal lines 49 .and 51

connect the timing logic circuit 56 to switches. 48 and

5 50, respectively. The capacitors 60 and 62 are used to

store the output voltages produced at terminal 26 when

the positive test current i,, and the negative test
current i,  are generated.

The timing diagram of Figure 3 illustrates

10  operation of the circuit of Figure 1. A timing signal

61 corresponds to the signal generated on signal line

45, while a timing signal 63, opposite in phase to

timing signal 61, corresponds to the signal generated on

signal line 47. As described above, the signal lines 45

15 and 47 are used to control operation of the switches

44A, 44B, 46A and 46B in order to generate the positive

test current i,, and the negative test current i, . For

instance, during a time duration from T, to T,, the

signal 61 applied to the signal line 45 is low, while

20 the signal 63 appliéd Lo the signal line 47 is high,

which in turn closes switches 44B and 462 and opens

switches 44A and 46B. As stated above, this causes =a

positive test current i, to flow through resistor 18

thereby producing an increasing output voltage e, at

25 terminal 26 as represented by a signal line 65. The rise

time illustrated in signal line 65 is caused by stray

distributive capacitance and the internal resistance Re

12 of the sensor 10 as well as the non-ideal operation

of the amplifiers. When the output voltage e_, is

30 substantially stable having reached its peak value, the

switch 48 1is operated through signal 1line 49 as

represented by a timing signal 69 illustrated in Figure

SUBSTITUTE SHEET
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3. The corresponding peak output positive voltage e_,
is thus stored on capacitor 60.

Similar operation is performed to a peak
output negative voltage e,. when the negative test
current 1,. 1s generated. Referring to the time
duration from T, to T,, the signal 61 applied to the
signal line 45 is high, while the signal 63 applied to
the signal line 47 is low, which in turn opens switches
44B and 46B and closes switches 44A and 46B. . As stated
above, this causes the negative test current i,. to flow
through resistor 18 thereby producing a decreasing
output voltage e, at terminal 26 as represented by the
signal 1line 65. When the output voltage e, is
substantially stable having reached its lowest peak
value, the switch 50 is operated through signal line 51
as represented by a timing signal 71 illustrated in
Figure 3. The corresponding peak output negative
voltage e,. is thus stored on capacitor 62. Preferably,
as 1llustrated in Figure 3, the above-described sequence
continues repetitively throughout operation of the

sSensor.
Referring back to Figure 1, amplifiers 64 and

66 receive the values held on capacitors 60 and 62,
respectively. The amplifiers 64 and 66 are connected as
voltage followers. The amplifier 64 provides a voltage
signal on a signal line 73 corresponding to the peak
output positive voltage e,,, while the amplifier 66
provides a voltage signal on a signal line 75
corresponding to the peak negative voltage e_..

Figure 2 illustrates a simple <circuit
connected to the circuit of Figure 1 that is capable of
calculating the source voltage e; and the source

resistance Rg. The source voltage e; is calculated
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using resistors 68 and 70, and an amplifier 74. AS
illustrated, the resistor 68 is connected to signal line
73, while the resistor 70 is connected to signal line
75. The resistors 68 and 70 are equal to each other and
are connected together at a node 72, which is in turn
connected to a positive input of the amplifier 74. The
resistors average the voltages present on the signal
lines 73 and 75 wherein the voltage at node 72 is equal
to (e,, + e,)/2. The amplifier 74, being connected as
a voltage follower, receives the value provided at node
72 and makes that value available on a signal line 79
for displaying or for use in later calculations.

A differential amplifier circuit 81 also
connected to signal lines 73 and 75 is used to calculate

the input resistance R, of sensor 10. The differential

amplifier circuit 81 comprises resistors 76, 78, 80 and
82 and an amplifier 84. The resistors 76, 78, 80 and 82
are all equal to each other, which in turn makes
differential amplifier 84 have a unity voltage gain.
Since the output of a differential amplifier circuit is
equal to the difference between the incoming signals
multiplied by the gain of the amplifier, and since the
géin of the amplifier circuit 81 is unity, an output

terminal 86 of amplifier 84 is equal to the difference
of the voltages on signal lines 73 and 75, or the

quantity (e,, - e,.). With the voltage at terminal 86
equal to the quantity (e,, - e,.), the source resistance
R, of the sensor 10 can be calculated by dividing by two
times the value of the positive test current i,, or the

negative test current i,
A schematic, block diagram of an alternative

preferred embodiment of the present invention is

illustrated in Figure 4. In Figure 4, like elements
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ftrom Figures 1 and 2 are correspondingly numbered.
Figure 4 illustrates a dual channel sensing system 99
having a test current 1njection and voltage measuring
circult 101 and an output circuit 103.

The dual channel system 99 measures the source
resistance and source voltage of each electrode of an
10n sensor system comprising a glass pH electrode 10 and
a reference electrode 100. It should be noted that the
reference electrode can comprise an 1on selective
electrode such as disclosed 1in U.S. Patent 3,862,985,
As 1llustrated in Figure 4, this electrode comprises a
reservolr 100A filled with a pH buffer solution 100B
having a porous junction 100C in contact with the test
solution to be tested.

Referring to connection of the circuit 101 to
the pH electrode 10, test currents of equal magnitudes
and opposite polarity are injected into the pH electrode
10 in the manner described above with the differential
amplifier circuit connected to amplifier 28. Reference
voltages on the signal lines 40 and 42 are provided from
an oscillator and demodulator circuit (generally
indicated at 106 and described in detail below. As with
the circuit illustrated in Figure 1 and described above,
the voltage produced at the terminal 26 of the amplifier
24 corresponds to the signal line 65 in Figure 3. This
output voltage is provided back to the circuit 106.

A reference portion of the circuit illustrated
in Figure 4 is shown generally at 104 in dashed lines.

The reference portion 104 is connected to the reference

electrode 100 and 1s a substantially identical to the

test current 1njection and voltage measuring circuit of

the pH electrode 10. To 1dentify 1like components,
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elements of the reference portion 104 including an
additional ®R" designation. It should be noted that
since the resistance of the reference electrode- 100 is
5 considerably less than the resistance of the pH
electrode 10, the value of the resistor 18R is less than
the value of resistor 18 to allow greater test currents

to be injected.
The timing logic circuit 56 and the switches
10  44A, 44B, 46A and 46B from Figure 1 have been replaced
by the oscillator and demodulator circuit 106. As
stated above, the circuit 106 provides test currents to
be injected into the pH electrode 10 and the reference
electrode 100, while receiving corresponding voltages
15 developed at terminals 26 and 26R. The voltages from
terminals 26 and 26R are used to provide signals at
output terminals 106A, 106B, 106C and 106D corresponding
to the source voltage of the pH electrode, the source

resistance of the pH electrode, the source voltagé of
20 the reference electrode, and the source resistance of

the reference electrode, respectively. Each of the
afore-mentioned signals are provided to suitable voltage
followers 108 and 108R, which in turn provide input
signals to the output circuit 103 on signal lines 105A,

25 105B, 105C and 105D.
The output circuit 103 includes a multiplexer

110, an analog-to-digital ("A/D") converter 112 and
central processing unit (“CPU") 114 such as a
microprocessor. The multiplexer 110 receives command
30 signals from the CPU 114 to selectively transmit the

signals from the input terminals 105A-105D to the A/D
converter 112. Digitized data from the A/D converter
112 1is provided back to the CPU 114 on a data
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transmission line 107. Using the digitized data, the
CPU 114 provides suitable visual indications of the
measured source voltage and source resistance parameters
of the pH electrode 10 and reference electrode 100 with
a display 116. A conventional 4-20 milliamp output
circuit 115 can be included to provide a current signal
proportional to each of the measured guantities.
Interaction with the system 99 is provided through a
suitable interface such as a keyboard 118.

In addition, since the resistivity of the pH
electrode 10 varies with temperature in accordance with
well known principles, the system 99 includes a suitable
probe 120 to measure the temperature of the monitored
solution. Illustrated as a three-wire resistive
temperature device, the probe 120 includes conventional
“source', "return" and “sense" signal lines, generally
indicated at 117, which together provide a signal
proportional to the temperature of the solution.
Through the A/D converter 112 and the multiplexer 110,
the CPU 114 receives digitized data corresponding to the
solution temperature and adjusts the measured quantities
in accordance with well known factors.

Also illustrated in Figure 4 is a solution
ground probe 11. The solution ground probe 11 allows
the user to monitor both the pH electrode 10 and the
reference electrode 100 independently for coating or
cracking as opposed to only monitoring the entire system
if a solution ground probe was not used.

Figures 5A and 5B illustrate a more detailed
diagram of the test current injection and voltage
measuring circuit 101 of Figure 4. Figures S5A and 5B
are connected for illustrative purposes via terminal
connections 119, 119R, 121, 121R, 123, 123R, 125 and

SUBSTITUTE SHEET
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125R. As with the diagram illustrated in Figure 4, the
Sameé numeric designators have been used in the pH
electrode monitoring circuit portion and the reference
electrode circuit portion to identify like components or
circuit portions. Although described with reference
primarily to the pH electrode monitoring circuit
portion, it is to be understocod similar functions are
performed by the reference electrode monitoring
portions.

Referring to Figure 5B, the oscillator and
demodulator circuit 106 of Figure 4 has been broken down
Lo separate components and is shown together in dashed
lines. An analog multiplexer/demultiplexer 130, a
counter 134 and a nand gate 1362 are provided to handle
the demodulatihg tasks. A voltage comparator 132
configured with resistors 133, 135, 137, 139, and
capacitor 140 cCreates a relaxation oscillator
corresponding to the oscillator 58 of Figure 1. °

The binary counter 134 receives the output of
the comparator 132 and functions as the timing logic
portion 56 of Figure 1. Selected outputs of the binary
counter 134 are connected to the nand gate 136A and a
nand 136B. The output of the nand gate 136B (provided
to the circuit portion illustrated in Figure S5A through
terminal connections 121 and 121R) in combination with
the input signal received from the binary counter 134
(provided to the circuit portion illustrated in Figure
Sa through terminal connections 123 and 123R) provide
reference voltages on signal lines 40, 42, 40R and 42R
Lo generate the positive and negative test currents, as
described above. Like the embodiment illustrated in

Figure 1, voltage signals are obtained at the output

SUBSTITUTE SHEET
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terminals 26 and 26R and are a function of the injected

test currents. |
In the embodiment illustrated in Figures SA

and 5B, there is no longer a summing circuit or =
difference circuit as embodied in Figure 2 to calculate
the source <voltage and the source resistance,
respectively. To calculate the source voltage, for
example, the source voltage of the pH electrode, the
voltage signal present at output terminal 26 is obtained

- by applying the signal to a two pole filter 140, which

filters out the ac component and provides a
substantially dc signal at terminal connection 119
prcsportional. to the value of the source voltage. The
two pole filter 140 comprises an amplifier 144,
resistors 146, 148, and 149, and capacitors 150 and 152.
The difference between the peak to peak
voltage at terminal 26, which is directly proportional
to the source resistance of the electrode, is found by
applying the signal at terminal 26 selectively across a
capacitor 174 and the series combination of the
capacitor 174 and a capacitor 162. In operation, as
with the embodiment of Figure 2 as illustrated in Figure
3, the peak tc .seak voitage levels are selectively
sampled when the voltage 1levels are substantially
stable. In the embodiment of Figures S5A and SB, the
control signals for sampling are provided from the
output of the nand gate 136A. With respect to Figure 3,
the control signal from the nand gate 136A is the
additive combination of the signals 69 and 71.
Referring also to Figure 3, the signal
representing the difference between the voltages e,. and
e,. provided from an output terminal 131 of the
rmiltiplexer/demultiplexer 130 is applied to a two pole
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filter 154, Specifically, during the time period T, to
T3, the voltage e_ is Stored across the capacitor 174

voltage at the terminal 26 Lo the level of e_,. When
the wvoltage is substantially stable and the control
10 pulse (corresponding to signél 69) is received, the
multiplexer/demultiplexer 130 connects the capacitor 174

dCXOos8s capacitor 162. Asg illustrated, the filter 154
15 comprises an amplifier 156, resistors 158, 160 and 161,
and capacitors 164 and 166.
Filter capacitors 170, 172, and 174 are found
in Figures S5A and SB. These capacitors are standard

20 conventionally used are limiting resistors 176 and 177.

25 that if embodied on a conventional circuit board, signal

30 are illustrated in Figure B5A schematically by dashed

lines 190 and 190R.
Although the present invention has been

described with reference to preferred embodiments,

SUBSTITUTE SHEET



" WO 94/09376 | 2145270 perrusessesazs

SuUBSTITUTE SHEET



CA 02145274 2001-05-01

20

The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A method for measuring a resistance of a sensor, the

method comprising the steps of:

injecting a first test current into the sensor;

measuring a substantially stable first voltage level
across the sensor when the first test current is present;

injecting a second test current into the sensor, the
second test current being substantially equal to but
opposite 1in polarity to the first test current;

measuring a substantially stable second voltage level
across the sensor when the second test current is present;
and

calculating the resistance of the sensor as a function of
the measured first voltage level and the measured second

voltage level.

2. The method of claim 1, wherein the steps of injecting
comprise generating the first and second test currents with
a differential circuit having a first input and a second

input for receiving selected reference control signals.
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3. The method of claim 2, whereilin the selected reference

control signals are provided by oscillation means.

4 . The method of claim 1, 2 or 3, wherein the step of
calculating comprises obtaining the difference between the

first measured voltage level and the second measured

voltage level.

5. The method of claim 4, wherein the difference between
the first measured voltage level and the second measured

voltage level 1s obtained by a differential circuit.

6. The method of claim 4, wherein the difference between
the first measured voltage level and the second measured

voltage level 1is obtained by a demodulating circuit.

7. The method of any one of claims 1 to 6, and further

comprising the step of calculating a source voltage of the

sensor as a function of the measured first voltage level

and the measured second voltage level.

8. The method of claim 7, wherein the step of calculating
the source voltage comprises averaging the measured first

voltage level and the measured second voltage level.
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0. The method of claim 7, wherein the step of calculating
the source voltage comprises filtering the source voltage
from the measured first voltage level and the measured

second voltage level.

10. An apparatus for measuring a resistance of a
monitoring system comprising a sensor, the apparatus
comprising:

means for injecting a first test current and a second
test current into the sensor, the second test current being
substantially equal to but opposite in polarity to the
first test current;

means for measuring a substantially stable first and
second voltage level across the sensor when the
corresponding first test current and second test current
are present; and

means for calculating the resistance of the sensor as a

function of the measured first voltage level and the

measured second voltage level.

11. The apparatus of claim 10, wherein the means for
injecting comprise generating the first and second test

currents with a differential circuit having a first input
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and a second input for receiving selected reference control

signals.

12. The apparatus of claim 11, wherein the selected
reference control signals are provided by oscillation

mealls.

13. The apparatus of claim 10, 11 or 12, wherein the means
for calculating comprises difference means for obtaining
the difference between the first measured voltage level and

the second measured voltage level.

14. The apparatus of claim 13, wherein the difference

means comprises a differential circuit.

15. The apparatus of claim 13, wherein the difference

means comprises a demodulating circuit.

16. The apparatus of any one of claims 10 to 15, and
further comprising means for calculating a source voltage
of the sensor as a function of the measured first voltage

level and the measured second voltage level.
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17. The apparatus of claim 16, wherein the means for
calculating the source voltage comprises an averaging
circuit for averaging the measured first voltage level and

the second voltage level.

18. The apparatus of claim 16, wherein the means for
calculating the source voltage comprises a filtering
circult for filtering the source voltage from the measured

first voltage level and the second voltage level.

19. The apparatus of any one of claims 10 to 18 wherein
the monitoring system comprises a second sensor, the
apparatus further measuring a resistance of the second
sensor; and

wherein the means for injecting further injects a third
test current and a fourth test current into the second
sensor, the fourth test current being substantially equal
to but opposite 1n polarity to the third test current;

wherein the means for measuring further measures a
substantially stable third and fourth voltage level across
the second sensor when the corresponding third test current
and fourth test current are present; and

wherein the means for calculating further calculates the

resistance of the second sensor as a function of the
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measured third voltage level and the measured fourth

voltage level.

20. The apparatus of claim 19, wherein the monitoring
system comprises a selective l1on monitoring system for
monitoring a test solution, and the first-mentioned sensor
comprises a selective ion electrode and the second sensor

comprises a reference electrode.

21. The apparatus of claim 20, and further comprising a
ground probe forming a common ground path for the selective

ion electrode and the reference electrode.

22. The apparatus of claim 20 or 21, wherein the reference

electrode comprises a second selective ion electrode.

23. The apparatus of claim 20, 21 or 22, wherein the

first-mentioned sensor 1s a pH electrode.

24. The apparatus of any one of claims 20 to 23, wherein
the reference electrode is a pH electrode immersed 1in a
reservoir filled with a pH buffer solution having a porous

junction in contact with the test solution.
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