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mprising a process variable sensor (120) configured to generate an

output signal (126) indicative of a sensed process variable; loop current output circuitry (122) configured to control a loop current

on a two wire process control loop (106) to a value based on tr
the process control loop and configured to generate a meas

e output signal; loop current measurement circuitry (140) coupled to
Ured loop current value (142) based on the loop current; and loop

current verification circuitry (124) configured to approximate tr

e loop current value based on the output signal and properties of a

low pass filter (150, 156), and generate a diagnostic signal (144) based on a comparison of the approximated loop current value

(164) and the measured loop current value.
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(57) Abstract: Some embodiments are directed to a process device (102) comprising a process variable sensor (120) configured to
generate an output signal (126) indicative of a sensed process variable; loop current output circuitry (122) configured to control a
loop current on a two wire process control loop (106) to a value based on the output signal; loop current measurement circuitry

& (140) coupled to the process control loop and configured to generate a measured loop current value (142) based on the loop current;

S

W

and loop current verification circuitry (124) contfigured to approximate the loop current value based on the output signal and proper -
ties of a low pass filter (150, 156), and generate a diagnostic signal (144) based on a comparison of the approximated loop current
value (164) and the measured loop current value.
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PROCESS CONTROL LOOP CURRENT VERIFICATION

BACKGROUND

[0001] The present disclosure relates to process devices used 1n process control and monitoring
systems. More specifically, the present disclosure relates to performing loop current diagnostics
to 1dentify errors in a process device.

[0002] Process variable transmitters are used to measure process parameters (or process
variables) in a process control or monitoring system, and transmit the measurement to a control
room. For example, information related to pressure of process fluid may be transmitted to a
control room and used to control the process, such as oil refining.

[0003] The transmission of the process variable measurement is often performed over a two-
wire process control loop. In such a process control loop, current is supplied from a current
source at a location such as in the control room, and the transmitter controls the current flowing
in the loop from its remote location in the field. For example, a 4 mA signal can be used to
indicate a zero reading and a 20 mA signal can be used to indicate a full scale reading. The same
two wires can also be used to power the transmitter.

[0004] More recently, transmitters have employed digital circuitry which communicates with
the control room using a digital signal which is superimposed onto the analog current signal
flowing through the process control loop. One example of such a technique is the HART®
communication protocol. The HART® protocol, and other such protocols typically, include a set
of commands or instructions which can be sent to the transmitter to elicit a desired response,
such as transmitter control or interrogation.

[0005] When an analog loop current is used to represent information such as a process
variable, the accuracy at which the loop current can be set can be a limiting factor on the
accuracy of the transmitted process variable. As the transmitter ages, the ability of the transmitter
to control the loop current to accurately represent the process variable measurement can degrade.
Accordingly, it is desirable to periodically perform a diagnostic test on the transmitter by
checking that the loop current is an accurate representation of the process variable measurement.
Exemplary devices that perform this diagnostic function are described in U.S. Patent 7,280,048

and U.S. Publication 2005/0030186, which are assigned to Rosemount Inc. of Chanhassen,
Minnesota.



CA 02873034 2014-11-07

WO 2013/180591 PCT/RU2012/000422

[0006] The diagnostic tests performed by a transmitter need to be as accurate as possible 1n
order to prevent falsely identifying a transmitter as failing. Conventional transmitter diagnostic
tests may falsely identify a transmitter as failing during periods when the processes variable is
changing. The changing process variable can result in a transmitter setting a loop current to a

value that difters from the process variable measurement even though the transmitter is operating

properly.

SUMMARY
[0007] A process device comprising a process variable sensor configured to generate an output
signal indicative of a sensed process variable; loop current output circuitry configured to control
a loop current on a two wire process control loop to a value based on the output signal; loop
current measurement circuitry coupled to the process control loop and configured to generate a
measured loop current value based on the loop current; and loop current verification circuitry
configured to approximate the loop current value based on the output signal and properties of a

low pass filter, and generate a diagnostic signal based on a comparison of the approximated loop

current value and the measured loop current value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a diagram of process control system which includes a process variable

transmitter connected to process pipe.

[0009) FIG. 2 i1s a perspective view of a process variable transmitter which shows one

exemplary configuration of circuitry blocks carried therein.

[0010] FIG. 3 is a simplified block diagram of a process device in accordance with

embodiments of the invention.
[0011] FIG. 4 includes three charts of exemplary signals in a process device.

[0012] FIG. 5 is a simplified diagram of loop current verification circuitry in accordance with
embodiments of the invention.

[0013] FIG. 6 is a simplified diagram of an exemplary low pass filter in accordance with

embodiments of the invention.
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[0014] FIGS. 7 and 8 illustrate methods of calculating an approximate loop current value in
accordance with embodiments of the invention.
[0015] FIG. 9 is a flowchart illustrating a method in a process device for verifying loop current

in a two wire process control loop in accordance with embodiments of the invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0016] Embodiments of the present invention provide verification that an analog output
converted from a digital measured value accurately reflects the measured digital value. In one
exemplary implementation, embodiments of the invention provide verification that an analog
output, such as current (e.g., 4-20mA, 0-20mA) or voltage (e.g., 1-5V, 0-5V), applied to a
process control loop by a process device is set to a value that accurately reflects the desired
value. The invention can be implemented in any process device which is used to control current
In a process control loop and is not limited to the illustrative process device discussed herein. For
example, one process device described herein is a process variable transmitter which includes a
sensor for sensing a process variable. The transmitter controls the current flowing through the
process control loop to an analog value which is representative of the sensed process variable.
However, it is understood that it is not necessary for a process device to sense a process variable
In order to implement various aspects of the present invention. Embodiments of the invention
may also be used for diagnostics in other systems where analog outputs are converted from a
digital signal. For instance, embodiments of the invention may be used to perform diagnostics in
the Rosemount 333 HART® Tri-Loop converter, which reads the HART® digital information
(primary, secondary and other variables) from a multivariable transmitter and converts it into
three analog output signals (e.g., 4-20mA signals).

[0017] FIG. 1 is a diagram of an exemplary process control system 100 which includes a
process device 102 in the form of a process variable transmitter, which is connected to a process
pipe 104. Process device 102 is coupled to a two wire process control loop 106 which operates in
accordance with a proprietary or standard protocol, such as the HART® the communication
protocol. However, the invention is not limited to this standard.

[0018] The two wire process control loop 106 runs between process device 102 and a control

room [08. In one embodiment, the loop 106 can carry a current I which is representative of a
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sensed process variable which is sensed using a process variable sensor 120. Additionally, the
loop 106 can operate in accordance with other protocols such as the HART® protocol, which
allows a digital signal to be superimposed on the current through loop 106, such that digital
information can be sent to or received from the process device 102,

[0019] FIG. 2 is a perspective view of process device 102 which shows one exemplary
configuration of circuitry blocks carried therein. In this exemplary embodiment, process device
102 includes a transmitter module 110 which couples to a sensing module 112. The sensing
module 112 couples to the process piping 104 (shown 1n FIG. 1) through a manifold process
coupling 114.

[0020] The transmitter module 110 includes transmitter module electronic circuitry 116, which
couples to sensing module electronic circuitry 118 carried in sensing module 112. Typically, the
sensing module electronic circuitry 118 couples to a process variable sensor, for example sensor
120 (FIG. 1), which 1s used to sense a process variable related to operation of the process. The
transmitter module electronic circuitry 116 includes loop current output circuitry 122, and loop
current verification circuitry 124, The circuitry 124 can be implemented in hardware, software or
a hybrid combination of the two and can be located anywhere within process device 102.

[0021] During operation, loop current output circuitry 122 controls the value of the current |
flowing through loop 106 to represent, for example, a measured process variable. This can be
used to monitor or control operation of an industrial process. In some applications, output
circuitry 122 is also used to provide power to circuitry within process device 102, which is
generated using power received over loop 106, in accordance with conventional techniques. In
some applications, such as for obtaining a Safety Integrity Level (SIL) certification, it is
necessary for the process device 102 to meet certain reliability criteria. For example, in order to
ensure that a process is shut down upon a failure or impending failure, some certifications

require that an alarm signal be properly sent so that a safety shut down can occur even if some of

the components have failed in process device 102. The loop current verification circuitry 124 can

be applicable to such a configuration.

[0022] FIG. 3 is a simplified block diagram of a process device 102 in accordance with

embodiments of the invention. In some embodiments, the process device 102 include a process

variable sensor 120 that couples to a process and is configured to produce an output signal 126
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that is indicative of a measurement of the sensed process. The process device 102 also includes
measurement circuitry that provides initial processing of the measurement signal 126. In one
embodiment, the measurement circuitry comprises an analog-to-digital converter 128, which
converts the analog output signal 126 to a digital measurement signal. In one embodiment, the
measurement circuitry includes one or more microprocessors represented by microcontroller 130
that processes the digital measurement signal from the converter 128, and outputs a digital
measured value 132. The measurement circuitry may also include memory 134 that may contain,
for example, stored values for use by the microcontroller 128 to process the digitized sensor
output signal, program instructions that are executable by the one or more processors to perform
method steps and other functions described herein.

[0023] In some embodiments, the process device 102 includes digital-to-analog conversion
circuitry 136 that converts the digital measured value 132 into an analog measured value 138.
The analog measured value 138 is provided to loop current output circuitry 122, which controls
the loop current | in the two wire process control loop 106 as a function of the analog measured
value 138, 1n accordance with conventional techniques.

[0024] In one embodiment, the process device 102 includes loop current measurement
circuitry 140 that is coupled to the process control loop 106, and is configured to generate a
measured loop current value 142 that is based on the loop current I. In one embodiment, the
process device 102 includes loop current verification circuitry 124, which is generally configured
to compare the measured loop current value 142 with the digital measured value 132, and
responsively generate a diagnostic signal 144 related to the comparison. For instance, the loop
current verification circuitry 124 may provide a diagnostic signal 144 indicating that the loop
current | 1s outside of a predetermined or adjustable threshold of its intended value indicated by
the digital measured value 132. The set threshold may be based upon a fixed threshold value, or
based upon a percentage discrepancy, or other relationship with the intended value 132 of the
loop current I. In addition, the diagnostic signal 144 can be an indication of the amount of error,

In absolute or relative terms, of the actual loop current [ versus the desired output loop current

value 132. The diagnostic signal 144 can be communicated over the two wire process control

loop 106 in accordance with conventional techniques.
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[0025] One embodiment of the digital-to-analog conversion circuitry 136 includes a digital-to-
analog converter 146 and a low pass filter 150. The digital-to-analog converter 146 converts the
digital measured value 132 to an analog signal 152. The signal 152 1s passed through the low
pass filter 150 to produce the analog measured value 138.

[0026] One embodiment of the loop current measurement circuitry 140 includes a current
sensor 154 or other device for measuring the loop current | in the two wire process control loop
106. The current sensor 154 may measure the loop current 1 through the measurement of a
voltage across a resistance that is in series with the loop current I, or other suitable conventional
technique. In one embodiment, the output from the current sensor 154 is passed through a low
pass filter 156 and to an analog-to-digital converter 158 to form the measured loop current value
142 that 1s provided to the loop current verification circuitry 124. The low pass filter 156
generally operates to remove high frequency noise from the loop current measurement 102
betore processing by the analog-to-digital converter 158.

[0027] As mentioned above, the loop current verification circuitry 124 compares the loop
current I with the desired value of the loop current. In one embodiment, the desired value of the
loop current is represented by the digital measured value 132, which is representative of the
sensor output 126. The loop current verification circuitry 124 receives the digital measured value
132 through a suitable connection, as indicated in FIG. 3.

[0028] In accordance with another example, the process device 102 can enter a test mode, in
which the loop current I through the two wire process control loop 106 is set to one or more
predetermined loop currents, or to a pattern of loop currents. During this test mode, the loop
current verification circuitry 124 can compare the actual loop current | flowing through the
process control loop 106 with a reference that is representative of the predetermined loop
current, rather than the digital measured value 132. Accordingly, while the exemplary diagram of
the process device 102 indicates that the digital measured value 132 is provided to loop current
verification circuitry 124, it is understood that a reference digital measured value corresponding
to the predetermined loop current [ generated while the process device 102 is in a test mode, may
alternatively be provided to the loop current verification circuitry 124. Hereinafter, both the

digital measured value and the reference signal indicative of the predetermined test mode loop

current I, will be referred to as the digital measured value 132.
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[0029] In order for the loop current verification circuitry 124 to produce a diagnostic signal
144 that accurately represents an error between the desired value of the loop current 1 indicated
by the measured digital value 132 and the actual loop current I, the loop current verification
circuitry 124 must take into account measurement errors that affect the measured loop current
value 142. Failure to take into account such measurement errors can lead to diagnostic signals
144 that falsely indicate an error in the process device 102.

[0030] Embodiments of the invention operate to address dynamic measurement errors that
generally occur when the sensor output signal 126 changes in response to a change in the process
variable. Such a change in the sensor output signal 126 produces a step change in the voltage of
the digital measured value 132, such as indicated in the top chart provided in FIG. 4. The
resultant analog measured value 138 that is produced in response to the step change in the
voltage of the digital measured value 132 is shown in the middle chart of FIG. 4. The analog
measured value 138 has a dynamic measurement error corresponding to the difference between
its value and the digital measured value 132. This error is magnified further by the loop current
measurement circuitry 140 as indicated by the measured loop current value 142 shown in the
bottom chart of FIG. 4. The resultant dynamic error between the digital measured value 132 and
the measured loop current value 142 is generally caused by the low pass filters 150 and 156.
Unless accounted for, this dynamic error can cause the generation of diagnostic signals 144 that
falsely indicate an error in the process device 102.

[0031]  FIG. 5 is a simplified diagram of loop current verification circuitry 124 in accordance
with embodiments of the invention. In some embodiments, the loop current verification circuitry
124 includes a difference evaluator 160 and a comparator 162. The difference evaluator 160
establishes a difference between the measured loop current value 142 and an approximate loop
current value 164. The value difference 166 is output to the comparator 162, which compares the
difference value 166 to a reference 168 and outputs the diagnostic signal 144 responsive to the
comparison. The reference 168 represents the one or more values that may be used to trigger
various diagnostic signals 144, such as a set threshold error value, as discussed above. The
reference 168 may be retrieved from memory of the process device 102, such as memory 134. As

with other modules of the device 102 presented herein, the difference evaluator 160 and the



CA 02873034 2014-11-07

WO 2013/180591 PCT/RU2012/000422

comparator 162 may be implemented in the process device 102 through hardware or software
executed by the one or more processors of the microcontroller 130, for example.

[0032] The approximate loop current value 164 is generated based on the digital measured
value 132 and properties of the low pass filters 150 and 156 to approximate the dynamic
measurement error. The resultant value difference 166 between the measured loop current value
142 and the approximate loop current value 164 output from the difference evaluator 160, is a
better indicator of actual error in the device 102 during periods in which the digital measured
value 132 1s changing than would be possible using the digital measured value 132.

[0033] In one embodiment, the approximated digital loop current value 164 takes into account
the time constants of the low pass filters 150 and 156. FIG. 6 is a simplified diagram of an
exemplary low pass filter that could be used for filters 150 and 156, and is depicted as low pass
filter 150. The low pass filter 150 includes a resistance R in series with the loop current output
circuitry 122, and a capacitor C in parallel with the loop current output circuitry 122. The
capacitor C exhibits reactance and blocks the low-frequency signals from the digital-to-analog
converter 146, causing them to travel to the loop current output circuitry 122. The reactance of
the capacitor C drops with higher frequency signals output from the digital-to-analog converter
146 causing the capacitor C to effectively function as a short circuit to ground, thereby filtering
the higher frequency noise. As understood by those skilled in the art, the time constant of the low
pass tilter is based on the product of the resistance R and the capacitance C.

[0034] In some embodiments, the loop current verification circuitry 124 calculates the
approximate loop current value 164 using a pair of recursive filters 170 and 172, as illustrated
schematically in FIG. 7. The recursive filters 170 and 172 may be implemented in software
stored in the memory 134, or other memory of the process device 102 that is executed by the one
or more processors of the microcontroller 130. Alternatively, the filters 170 and 172 may be
implemented in hardware.

[0035]  The recursive filter 170 receives digital samples of the digital measured value 132 (I(n))
and outputs a corrective sample [¢;(n) based on the digital measured value sample I(n), the
previous corrected sample 1 ¢1(n-1) and values a; and b;, which are calculated based on the time

constant of the low pass filter 150, as indicated in Equation 1. In one embodiment, the recursive
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filter 170 receives the previous digital measured value sample I(n-1) and the previous corrected

sample Ic1(n-1) from memory of the process device 102, such as memory 134.
[c1(n)=a;*I(n)+b;*Ici(n-1) Eq. |

[0036] The recursive filter 172 receives the corrected samples I¢; from the recursive filter 170
and calculates the approximate loop current value 164 sample I-;(n) corresponding to the digital
measured value sample I(n) based upon the corrected digital measured value sample I¢y(n), the
previous approximate digital measured value Ica(n-1), and values a; and by, which are calculated
based on the time constant of the low pass filter 156, as indicated in Equation 2. In one
embodiment, the recursive filter 172 receives the previous approximate loop current value Ico(n-

1) from memory of the process device 102, such as memory 134,
lco(n)=ay*lci(n)+ba*Ic2(n-1) Eq. 2

{0037] In some embodiments, the values for a;, b;, a; and b, are calculated in accordance with
Equations 3 and 4 based on the time constants of the low pass filters 150 and 156. D is the time
constant expressed 1n quantity of time intervals and is equal to T/M, where M is a recursive filter

recalculation period and T is time constant of the hardware filter.

a=1-b Eq. 3

b = exp"?’ Eq. 4

[0038] Approximate loop current value samples 164 (Ic2) output from the recursive filter 172
are then provided to the difference evaluator 160 (FIG. 5) to be used in the calculation of the
value difference 166. In some embodiments, the approximate loop current value samples 164

(Ic2) are retrieved from memory 134 of the process device 102 or other memory within the

process device 102.

[0039]  Each of the approximate loop current value samples 164 (Icy(n)) provide a reasonable
approximation of the dynamic error caused by low pass filters 150 and 156. As a result, the
approximate loop current value samples 164 represent the value that the measured loop current
value 142 should be if the process device 102 is functioning properly. Thus, the approximate
loop current value samples 164 allow the loop current verification circuitry 124 to conduct a

more accurate assessment of the health of the process device 102 than would be possible without
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compensating the digital measured values 132 based on the properties of the low pass filters 150
and 156.

[0040] Another technique for calculating the approximate loop current value samples 164 that
may be implemented by the loop current verification circuitry 124 is illustrated in FIG. 8. In
some embodiments, the loop current verification circuitry 124 includes a difference evaluator
180 and a corrector 182. The difference evaluator 180 and the corrector 182 may be implemented
in software stored in memory of the device 102, such as memory 134 that is executable by the
one or more processors of the microcontroller 130, for example. Alternatively, the difterence
evaluator 180 and/or the corrector 182 may be implemented in the hardware of the process
device 102.

[0041] In some embodiments, the difference evaluator 180 receives the current digital
measured value 132 (I(n)) and the previous digital measured value sample (I(n-1)), and
calculates a change in the digital measured value (Al=I(n)-I(n-1)). The previous digital measured
value sample I(n-1) may be retrieved from memory of the process device 102, such as memory
134,

[0042] The difference evaluator 180 outputs the change in the digital measured value sample
Al to the corrector 182. The corrector 182 also receives the current digital measured value
sample I(n) and a correction factor k, and calculates the approximate loop current value 164 (Ic)
in accordance with Equation 5. The correction factor k may be retrieved from memory of the
process device 102, such as memory 134, and 1s based upon properties ot the low pass filters 150
and 156. In some embodiments, the loop current verification circuitry 124 is triggered to perform

this diagnostic evaluation responsive to a change in the digital measured value 132.
Ic(n)=1(n)-k*Al=I(n)-k*(I(n)-I(n-1)) Eq. 5

[0043] In some embodiments, the correction factor k is determined during the manufacture of
the process device 102 and generally corresponds to the slope of the measured loop current value
142 when the digital measured value transitions from its minimum to its maximum value. In

some embodiments, the correction factor k is a function of the period of time between the update

to the digital-to-analog converter 146 and the update to the analog-to-digital converter 158 less a

constant.
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[0044] FIG. 9 is a flowchart illustrating a method in a process device 102 for verifying loop
current 1n a two wire process control loop 1n accordance with embodiments of the invention. At
184, a process variable 1s sensed using a sensor 120 of a process device 102, as shown in FIG. 3.
At 186, a digital measured value 132 1s changed from a first value to a second value as a function
of the sensed process variable, as illustrated in the top chart of FIG. 4. The digital measured
value 132 1s then converted to an analog measured value 138 using a first low pass filter 150
(FIG. 3), at 188. In one embodiment, the low pass filter 150 is a component of a digital-to-analog
conversion circuitry 136 that receives an output signal 152 from a digital-to-analog converter
146, as shown in FIQG. 3.

[0045] At 190, a loop current I in the two wire process control loop 106 is adjusted. In some
embodiments, this adjustment to the loop current I is performed by the loop current output
circuitry 122 as a function of the analog measured value 138.

[0046] At 192, the loop current I is sensed. In some embodiments, this sensing of the loop
current | is performed by the current sensor 154 of the loop current measurement circuitry 140,
which produces an output that is indicative of the loop current I. At 194, the sensed loop current
Is converted to a measured loop current value 142 using a second low pass filter 156. As
discussed above, the low pass filter 156 removes high frequency signals from the sensed loop
current and provides the filtered sensed loop current to an analog-to-digital converter 158 to
produce the measured loop current value 142.

[0047] At 196, the measured loop current value 142 is approximated based upon the digital
measured value 132 and properties of the first and second low pass filters 150 and 156 to
generate an approximate loop current value 164. In some embodiments, step 196 is performed

using the recursive process described above with reference to FIG. 6. In some embodiments. step

196 1s performed in accordance with the process described above with regard to FIG. 7.

[0048] At 198, the approximate loop current value 164 is compared to the measured loop
current value 142. At 200, a diagnostic signal 144 is generated based on the comparison. In some
embodiments, step 198 is performed by loop current verification circuitry 124, as shown in FIG.

5. As discussed above, the diagnostic signal 144 generated in step 200 may be used to indicate an

error in the loop current I or the process device 102, for example.
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[0049] In some embodiments, the diagnostic signal 144 triggers the issuance of a warning. The
warning may take the form of an audible and/or visible alarm, a message (e.g., email, text
message, etc.), and/or other warning.

[0050] In some embodiments, the diagnostic signal 144 is used as compensation for the
detected error. For instance, the diagnostic signal 144 may be fed back to the microcontroller
130, which can adjust the digital measured value 132 to compensate for the error.

[0051] Embodiments of the invention relate to loop current diagnostics in a process device.
Some embodiments are directed to a process device that comprises digital-to-analog conversion
circultry, loop current output circuitry, loop current measurement circuitry and loop current
verification circuitry. The digital-to-analog conversion circuitry is configured to convert a digital
measured value corresponding to a sensed parameter to an analog measured value. In one
embodiment, the digital-to-analog conversion circuitry includes a first low pass filter. The loop
current output circuitry 1s configured to control a loop current on a two wire process control loop
as a function of the analog measured value. The loop current measurement circuitry is coupled to
the process control loop and is configured to generate a digital loop current value based on the
loop current. In one embodiment, the measurement circuitry includes a second low pass filter.
The loop current verification circuitry is configured to approximate the digital loop current value
based on the digital measured value and properties of the first and second low pass filters.
Additionally, the loop current verification circuitry is configured to generate a diagnostic si gnal
based on a comparison of the approximated digital loop current value to the di gital loop current
value.

[0052] Some embodiments are directed to a method in a process device for verifying loop
current in a two wire process control loop. In the method, a process variable is sensed. A digital
measured value is changed from a first value to a second value as a function of the sensed
process variable. The digital measured value is then converted to an analog measured value using
a first low pass filter. A loop current in the two wire process control loop is adjusted as a
function of the analog measured value. The loop current in the two wire process control loop is
sensed and the sensed loop current is converted to a digital loop current value using a second low

pass tilter. The digital loop current value is approximated based upon the digital measured signal
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and properties of the first and second low pass filters. A diagnostic signal is generated based on a
comparison of the approximated digital loop current value to the digital loop current value.

[00S3] Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form and

detail without departing from the spirit and scope of the invention.
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WHAT IS CLAIMED IS:

3.

A process device (102) comprising:

a process variable sensor (120) configured to generate an output signal (126) indicative of
a sensed process variable;

loop current output circuitry (122) configured to control a loop current on a two wire
process control loop (106) to a value based on the output signal;

loop current measurement circuitry (140) coupled to the process control loop and
configured to generate a measured loop current value (142) based on the loop
current; and

loop current verification circuitry (124) configured to approximate the loop current value
based on the output signal and properties of a low pass filter (150, 156), and
generate a diagnostic signal (144) based on a comparison of the approximated

loop current value (164) and the measured loop current value.

The process device of claim 1, including:

a digital-to-analog conversion circuitry (136) configured to convert a digital measured
value (132) representative of the output signal to an analog measured value (138),
the conversion circuitry including a first low pass filter (150);

wherein the loop current output circuitry is configured to control the loop current as a

function of the analog measured value; and

wherein the loop current verification circuitry is configured to approximate the loop

current value based on properties of the first low pass filter.

The process device of claim 2, wherein the loop current verification circuitry is

configured to approximate the loop current value based on a time constant of the first low pass

filter.

4.

The process device of any of claims 1-3, wherein:

the loop current measurement circuitry comprises a second low pass filter (156); and
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the loop current verification circuitry is configured to approximate the loop current value

based on properties of the second low pass filter.

S, The device of claim 4, wherein the loop current verification circuitry is contigured to

approximate the loop current value based on a time constant of the second low pass filter.

6. The device of any of claims 1-5, wherein the loop current verification circuitry
COMPrises:

a difference evaluator (160) having an error estimate output (166) corresponding to a
difference between the measured loop current value and the approximated loop
current value; and

a comparator (162) configured to compare the error estimate output and a reference

(168), and output the diagnostic signal responsive to the comparison.

7. The process device of claim 5, wherein the loop current verification circuitry is
configured to recursively generate the approximated loop current value (Ic2(n)) based on the
following equations:
Ici(n)=a;*I(n)+b;*Ic1(n-1); and
Ica(n)y=a*Ici(n)+by*Ica(n-1);
wherein n represents the current sample, n-1 represents the preceding sample, [ is the
digital measured value, a; and b, are calculated based on a time constant of the

first low pass filter, and a; and b, are calculated based on a time constant of the

second low pass filter.

8. The process device according to any of claims 1, wherein:
the device comprises a digital-to-analog conversion circuitry (136) configured to convert

a digital measured value (132) representative of the output signal to an analog

measured value (138);

the loop current output circuitry is configured to control the loop current as a function of

the analog measured value; and



CA 02873034 2014-11-07

WO 2013/180591 PCT/RU2012/000422

_16-

the loop current verification circuitry is configured to approximate the loop current value

based on a correction factor stored in memory (134).

9. The process device of claim 8, wherein the loop current verification circuitry is
configured to approximate the loop current value based on the following equation:
[c(n)=I(n)-k*AlI=I(n)-k*(1(n)-1(n-1));

wherein k is the correction factor, n represents the current sample, n-1 represents the

preceding sample, and I is the digital measured value.

10.  The process device according to any of claims 1-9, wherein the two wire process control

loop is a 4-20 milliamp loop.

I1.  The process device according to any of claims [-10, wherein the process device is

powered by the two wire process control loop.

12. A method in a process device (102) for verifying loop current in a two wire process
control loop (106) comprising:
sensing (184) a process variable;
changing (186) a digital measured value (132) from a first value to a second value as a
function of the sensed process variable;
converting (188) the digital measured value to an analog measured value (138) using a
first low pass filter (150);
adjusting (190) a loop current in the two wire process control loop as a function of the
analog measured value;
sensing (192) the loop current in the two wire process control loop;
converting (194) the sensed loop current to a measured loop current value (142) using a
second low pass filter (156);
approximating (196) the measured loop current value based upon the digital measured

signal and properties of the first and second low pass filters; and
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generating (200) a diagnostic signal (144) based on a comparison (198) of the

approximated loop current value (164) to the measured loop current value (142).

13. The method of claim 12, wherein approximating the measured loop current value
comprises recursively generating the approximated loop current value (Ic;) based on the
following equations:
lci(n)=a,*1(n)+b*Ic1(n-1); and
[c2(n)=ax*Ici(n)+b*Ica(n-1);
wherein n represents the current digital sample, n-1 represents the preceding digital
sample, I is the digital measured value, a; and b, are calculated based on a time
constant of the first low pass filter, and a; and b, are calculated based on a time

constant of the second low pass filter.

14. The method of claim 13, further comprising retrieving the values for a;, b;, a; and b, from

memory (134).

5. The method of claim 12, wherein approximating the measured loop current value

comprises applying a correction factor that is based on properties of the first and second low pass

filters to the digital measured value.

16. The method of claim 15, further comprising retrieving the correction factor from memory

(134) of the process device.
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