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A system and method using a valve controller to control a valve. The valve controller including a position controller for moving the
valve and a transmitter for providing information about the position of the valve. A calibration table and/or chart based on calibration
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(57) Abrege(suite)/Abstract(continued):
data of the position controller iIs generated to provide a transmitter output value, wherein the transmitter need not be separately

calibrated. The calibration table and/or chart may be stored In the position controller and provided to the transmitter upon

completion of the calibration of the position controller. Dual power supply circuitry may be configured wherein a first power source
supplies power to both the position controller and the transmitter to facilitate automatic calibration of the transmitter even when only

the position controller is powered.
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FIG. 1

(87) Abstract: A system and method using a valve controller to control a valve. The valve controller including a position controller

for moving the valve and a transmitter for providing info:

rmation about the position of the valve. A calibration table and/or chart

based on calibration data of the position controller 1s generated to provide a transmitter output value, wherem the transmitter need
not be separately calibrated. The calibration table and/or chart may be stored in the position controller and provided to the transmit -
ter upon completion of the calibration of the position controller. Dual power supply circuitry may be configured wherein a first
power source supplies power to both the position controller and the transmitter to facilitate automatic calibration of the transmitter
even when only the position controller is powered.
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AUTOMATIC CALIBRATION OF POSITION TRANSMITTER

BACKGROUND

[0001] In a process control system, a valve controller may perform one or more functions
relating to the position of a valve, such as moving a valve into a position, transmitting the
position of the valve, and/or transmitting an alert related to the position of the valve. One or
more 1nstrument devices of the valve control system may receive or provide electrical signals
for moving the valve and/or monitoring the position of the valve. For example, a position
controller may drive a signal for moving the valve to a particular position, whereas a
transmitter may transmit a signal that includes information related to the position of the
valve. To maintain the operating quality of the process control system, instrument devices
utilized to perform the functions of the process are calibrated to ensure accuracy and
reliability. During calibration of any of the instrument devices, the operation of a valve
controller may need to be suspended, which may ultimately affect the process control system.
Accordingly, 1t 1s desired to minimize the amount of time involved to calibrate the valve

controller without adversely affecting the process control system.

SUMMARY

[0002] One aspect of the invention 1s directed to a system, method, or device for
controlling a valve where calibration aspects of one or more instrument devices implemented
in a valve controller are utilized to ensure the operating performance of at least one other
instrument device. More specifically, calibration aspects of a position controller may be
utilized with a transmitter, thereby removing the need to separately calibrate both the position

controller and the transmitter.

[0003] A further aspect of the invention includes utilizing a dual-powered transmitter that
ensures power to the transmitter when either or both of the position controller or the

transmitter are powered.

[0004] In another aspect of the invention, the transmitter implements a limit switch
function that includes a switchpoint threshold for designating between two output states of

the transmuitter.

[0005] In one embodiment of the invention, a valve controller for controlling a valve
comprises: a position controller coupled to the valve and capable of driving a valve control

value to the valve to move the valve to a known position, such as a physical travel limit(s),
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for example, fully open or fully closed. The position controller includes a position controller
processor and a position controller memory; a transmitter coupled to the position controller
via a communication link, the transmitter including a transmitter processor and a transmitter
memory; a valve position sensor operatively coupled to the valve, the position controller, and
the transmitter, wherein the valve position sensor provides a valve position sensor value
indicating the position of the valve at the physical travel limit(s) in response to the valve
control value driven from the position controller to the valve; a calibration table and/or chart
including transmitter output values correlated to the valve position sensor values, the
calibration table and/or chart generated by the position controller processor executing an
algorithm utilizing calibration valve states and calibration valve position sensor values
obtained from the valve position sensor 1n the calibration states driven by the position
controller during calibration of the position controller; and a transmitter output signal

transmitted from the transmitter, derived from the valve position sensor value.

[0006] Another embodiment of the invention 1s directed to a method of operating a valve
controller to control a valve, the valve controller including one or more processors, a
memory, and a position controller coupled to the valve, a valve position sensor, and a
transmitter. The method includes: calibrating, by the one or more processors, the position
controller and obtaining calibration data in response to the calibration of the position
controller; generating, by one or more processors, a calibration table and/or chart based on
the calibration data of the position controller, the calibration table and/or chart including a
transmitter output value correlated to a valve position sensor value; driving, by the one or
more processors, a valve control value to move the valve; receiving, by the one or more
processors, the valve position sensor values from the valve position sensor 1n response to the
known valve positions; utilizing, by the one or more processors, the calibration table and/or
chart and determining the transmitter output value correlated to the valve position sensor
value; and transmitting, by the one or more processors, a transmitter output signal including

the determined valve position.

[0007] In a further embodiment of the invention, a system for controlling a valve
comprises: a valve controller including one or more processors, a valve position sensor
coupled to the valve and the one or more processors; a transmitter coupled to the valve
position sensor and the one or more processors; a position controller coupled to the valve, the
valve position sensor, the transmitter, and the one or more processors; and a non-transitory

computer-readable memory coupled to the one or more processors, the non-transitory

_
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computer-readable memory including instructions stored thereon on that, when executed by
the one or more processors, cause the valve controller to: calibrate the position controller and
obtain calibration data in response to the calibration of the position controller; generate a
calibration table and/or chart based on the calibration data of the position controller, wherein
the calibration table and/or chart includes a transmitter output value correlated to a valve
position sensor value; drive a valve control value to move the valve; receive the valve
position sensor value from the valve position sensor; utilize the calibration table and/or chart
and determine the transmitter output value correlated to the received valve position sensor

value; and transmit a transmitter output signal including the determined valve position value.

[0008] A further embodiment of the invention includes a non-transitory computer-readable
medium 1ncluding 1nstructions stored on a memory of a system for controlling a valve, the
system comprising a valve controller including one or more processors, a valve position
sensor coupled to the valve and the one or more processors; a transmitter coupled to the valve
position sensor and the one or more processors; a position controller coupled to the valve, the
valve position sensor, the transmitter, and the one or more processors; and a non-transitory
computer-readable memory coupled to the one or more processors, wherein the instruction
when executed by the one or more processors, cause the system to: calibrate the position
controller and obtain calibration data i1n response to the calibration of the position controller;
generate a calibration table and/or chart based on the calibration data of the position
controller wherein the calibration table and/or chart includes transmitter output values
correlated to valve position sensor values; move the valve to a position; receive valve
position sensor value from the valve position sensor; utilize the calibration table and/or chart
and determine a transmitter output value based on the received valve position sensor value;

and transmit a transmitter output signal including the determined transmitter output value.

[0009] Many of the inventive principles and much of the inventive functionality may also
be implemented with or in software programs or instructions and integrated circuits (ICs)
such as application specific ICs. It 1s expected that one of ordinary skill, notwithstanding
possibly significant effort and many design choices motivated by, for example, available
time, current technology, and economic considerations, when guided by the concepts and
principles disclosed herein will be readily capable of generating such software instructions
and programs and ICs with minimal experimentation. Therefore, 1n the interest of brevity

and minimization of any risk of obscuring the principles and concepts 1n accordance to the
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present invention, further discussion of such software and ICs, if any, 1s limited to the

essentials with respect to the principles and concepts of the described embodiments.

BRIEK DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 1s a block diagram of a partial process control system including an example

valve controller described herein:
[0011] FIG. 2A 1s an 1llustration of an example calibration table as described herein;
[0012] FIG. 2B 1s an 1llustration of an example calibration chart as described herein;

[0013] FIG. 3 1s a flow diagram of an example method for providing a calibration table

and/or chart as described herein;

[0014] FIG. 4 1s a flow diagram of an example method for implementing a selectable

function of the valve controller shown FIG. 1; and

[0015] FIG. 5 is block diagram of an example embodiment of a dual-power configuration

for the transmitter of the valve controller as described herein.

DETAILED DESCRIPTION

[0016] A valve controller 1s typically calibrated for use prior to being put in service 1n the
field. In the course of setting up or operating the valve controller, one or more functions of
the valve controller may require re-calibration, such as, input/output signals and valve travel.
During calibration of the valve controller, a position controller may drive a calibration valve
control signal to move the valve to a desired state and monitor the resulting position of the
valve via a valve position sensor or travel sensor. For example, the calibration valve control
signal may move the valve to a fully open position and/or a fully closed position. The valve
position sensor or travel sensor, which 1s coupled to the valve, obtains a calibration valve
position sensor value that 1s indicative of the valve’s position. More specifically, the position
sensor obtains the calibration valve position sensor value corresponding to the valve position
that resulted 1n response to the driven calibration state. The valve controller, for example, the
position controller, generates a calibration table and/or chart based on, at least, the calibration
data, for example, the corresponding pair(s) of calibration valve positions and calibration
valve position sensor values. Additional aspects may be considered with the calibration data

to generate the calibration table and/or chart, for example, valve configuration.

[0017] During normal operation of the valve, the valve controller utilizes the calibration

table and/or chart to determine a transmitter output value. In particular, the transmitter

_4
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utilizes the calibration table and/or chart to determine a transmitter output value that
corresponds to the valve position sensor value that 1s obtained by the valve position sensor 1n
response to the actual position of the valve. The transmitter output value 1s based on the
corresponding valve position sensor value of the calibration table and/or chart. In this
manner, the transmitter utilizes calibration data of the position controller to ensure the
accuracy of the transmitter output value that 1s eventually transmitted by the transmitter

without needing to separately calibrate the transmitter.

[0018] FIG. 1 1s a block diagram of a portion of a process control system or network 100
for controlling a valve 102 and configured in accordance with one example embodiment of
the present invention described herein. A valve controller 104 includes a position controller
106 coupled via a communication link (line or bus 110) to a transmitter 108. The valve
controller 104 may support a variety of valve control signals, such as 4-20 mA current loop
(4-20 mA) control signal that 1s well known 1n the industry. The valve controller 104 may
use the 4-20 mA control signal to control the position of the valve 102. In addition to the 4-
20 mA control signal, a Highway Addressable Remote Transducer (HART™) protocol signal
may be superimposed on the control input signals to allow diagnostic, maintenance, and
additional process data to be communicated to the valve controller 104 via a HART signaling
interface. Further, as 1s known 1n process control systems, pneumatic control may be
implemented to conduct movement of an actuator, which may ultimately cause corresponding
movement of a valve disk or other flow control mechanism. For example, a pneumatic
control may be used to regulate the flow of pressurized fluid, such as a gas, from a pneumatic
input to a pneumatic output. Some embodiments may use a second pneumatic output
depending on the type of valve being controlled. For example, some valves implement a

single pressure input to move a valve actuator that has a spring or other return mechanism.

[0019]  The position controller 106 includes a computing device 114 and a memory device
116. The transmitter 108 includes a computing device 118 and a memory device 120. Each
of the computing devices 114, 118 may include one or more processors or miCroprocessors
and each processor may be an ASIC circuit, a microcomputer, or another hardware/firmware
device capable of performing sequential steps or routines to accomplish the functions of the
valve controller 104. Each of the memory devices 116, 120 of the valve controller 104 may
include any type or combination of memory devices commonly used 1n a valve control

system, for example, volatile, non-volatile, and/or portable memory devices.
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[0020] A valve position sensor 112 1s coupled to the valve 102, the position controller 106,
and the transmitter 108. The sensor 112 generally provides information about the position of
the valve to the position controller 106 and the transmitter 108. The transmitter 108 1s
capable of transmitting the valve position information to the process control system 100 via

wired and/or wireless communication.

[0021] During calibration, the position controller 106 drives the valve 102 to a particular
known position or state, such as a physical limit, for example, fully open or fully closed. The
sensor 112 provides feedback to the position controller 106 as to the position of the valve
102, for example, a calibration valve position sensor value that 1s associated with the known

position of the valve 102.

[0022] Calibration data of the valve controller 104 includes the corresponding pair of the
known calibration valve position and the resulting calibration valve position sensor value.
One or more processors of the valve controller 104 generates a calibration table and/or chart
122 based on the corresponding pair of calibration valve position and resulting calibration
valve position sensor value. Additional aspects or characteristics of the valve during
calibration, for example, linear or rotational characteristics of the valve, may also be utilized
in the generation of the calibration table and/or chart 122. The calibration table and/or chart
122 1includes a transmitter output value correlated to the valve position sensor value and may
be stored 1n one or more of the memory devices 116, 120 of the position controller 106 and/or
the transmitter 108. Any portion of the calibration table and/or chart 122 may be
automatically or periodically transmitted from the position controller 106 to the transmitter
108 via the communication link 110, where a copy of the calibration table and/or chart 122

may be stored in the memory 120 of the transmitter 108.

[0023] During normal operation of the valve controller 104, the transmitter 108 utilizes the
calibration table and/or chart 122 during the determination or generation of the transmuitter
output value. For example, upon receiving a valve position sensor value from the valve
position sensor 112, the processor 118 of the transmitter 108 utilizes the calibration table
and/or chart 122 to determine and/or generate a correlating transmitter output value that
accurately reflects the position of the valve 102. In particular, the processor 118 of the
transmitter 108 utilizes the calibration table and/or chart 122 to determine the transmitter
output value that corresponds to the valve position sensor value obtained by the valve
position sensor 112. In other words, the valve position value to be included with a transmitter

output signal and transmitted from the transmitter 108 1s a result of a digital transformation

6 -
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from the valve position sensor value to the transmitter output value using the interpolation of
the calibration table and/or chart 122. The calibration table and/or chart 122 may account for
various configurations (e.g., linear and nonlinear) of the valve 102; for example, when the
valve position sensor 112 1s a rotary potentiometer on a sliding stem valve and linearization 1s
generally required. A valve controller configured 1n this manner provides for the generally
more capable software of the position controller 106 to manage, maintain, and/or coordinate
the calibration and linearization of the transmitter 108 at the same time as i1t manages,
maintains, and/or coordinates its own calibration and linearization. Such management and/or
coordination of the calibration and linearization of both the position controller 106 and the
transmitter 108 allows for the valve controller 104 to be administered by a single user
interface and significantly simplifies the hardware and software of the transmitter 108 by

removing the need to separately calibrate the transmitter 108.

[0024] Some examples of the calibration table and chart 122 that may be used to facilitate
conversion of raw values of the valve position sensor value received from the valve position
sensor 112 to raw values for the transmitter output value are shown in FIGS. 2A and 2B. In
the calibration table shown 1n FIG. 2A, the columns include corresponding index values (for
example, valve position sensor values and transmitter output values (non-linear and linear)
derived from the calibration data, which may include the configuration aspects of the valve.
The calibration chart shown 1n FIG. 2B 1s a graphical representation of the index values
depicted 1n the calibration table shown 1n FIG. 2A and includes axes designating valve
position sensor position values (horizontal axis) and transmitter output values (vertical axis),
e.g., pulse-width modulation duty values (vertical axis). Thus, during normal operation of
the valve controller 104, the transmitter 108 utilizes the valve position sensor value that 1s
obtained from the valve position sensor 112 with the calibration table and/or chart 122 to
determine the corresponding transmitter output signal. The transmitter output signal may be
in the form of a pulse-width modulation value for either linear or non-linear configurations of
the valve controller 104. The pulse-width modulation value may then be included with a
valve position signal to be transmitted by the transmitter 108 to another portion of the process

control system 100.

[0025] FIG. 3 is a flow diagram of an example method 300 relating to generation of the
calibration table and/or chart based on calibration data of the valve controller 104 shown in
FIG. 1. At block 302, a control signal 1s received at the valve controller 104 to calibrate the

position controller 106. At block 304, the position controller 1s calibrated. In some

_7 -
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calibration routines, a sequence of calibration valve control signals are driven from the
position controller 106 to move the valve 102 into multiple positions. Each calibration valve
control signal drives the valve to a known valve position, for example, fully-open, fully-
closed. At block 306, the valve position sensor 112 monitors the position of the valve 102
and obtains or detects a calibration valve position sensor value for each calibration valve
control position attained during the calibration routine. In addition to the calibration valve
positions and the resulting calibration valve position sensor values, the calibration data may
also 1nclude aspects of the value configuration, for example, linear or rotational
characteristics of the valve. The calibration data may be stored in the memory of the valve

controller 104.

[0026] At block 308, one or more processors of the valve controller generates the
calibration table and/or chart based on the calibration data. For example, the one or more
processors of the position controller 106 may utilize the corresponding pair(s) of calibration
valve position(s) and associated calibration valve position sensor value(s) obtained during
calibration of the position controller 106 to calculate a correlated transmitter output value(s).
During normal operation of the valve controller, the one or more processors of the transmitter
108 may utilize the calibration table and/or chart to determine the transmitter output value(s)
that correlates to the valve position sensor value(s). The transmitter output value 1s the result
of a digital transformation using interpolation of the calibration table and/or chart that resides

within the memory of valve controller 104.

[0027] At block 310, the calibration table and/or chart 1s made accessible to the transmitter
108. For example, the calibration table and/or chart may be transmitted from the position
controller 106 to the transmitter 108 via the communication link (line or bus), where it 1s later
utilized by the transmitter 108 during normal operation of the valve controller to determine or
calculate a transmitter output value that 1s representative of the position of the valve 102.

The calibration table and/or chart generated by one or more processors executing an
algorithm utilizing the corresponding pair(s) of valve position and valve position sensor value
1s preferably transmitted automatically by the computing device (e.g., one or more
processors) of the position controller 106 to the transmitter 108 upon completion of the
calibration of the position controller 106. Example embodiments of the calibration table
and/or chart transmitted from the position controller 106 are shown 1n the calibration table of

FIG. 2A and the calibration chart of FIG. 2B, both of which may be updated upon calibration
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of the position controller 106 and stored 1n the memory 116 of the position controller 106

and/or the transmitter 108.

[0028] This manner of coordinating the calibration and linearization of both the position
controller function and the transmitter function allows the valve control process to be
managed by a single user interface and allows for the hardware and software of the
transmitter processor to be simplified. More specifically, the ability for the position
controller 106 of the valve controller 104 to generate the calibration table and/or chart based
on the calibration data of the position controller 106, wherein the transmitter 108 of the valve
controller 104 utilizes the calibration table and/or chart to determine an accurate transmitter
output value, allows the valve controller 104 to forgo a separate calibration routine for the
transmitter 108, which may lessen the amount of time the valve controller 104 may be

unavailable for operation.

[0029] Referring again to FIG. 1, one embodiment of the valve controller 104 includes a
galvanic 1solator 124 operatively coupled between the transmitter 108 and the process control
system 100, wherein the flow of electrical current therebetween 1s prevented. The galvanic
1solator 124 1s an effective component for breaking ground loops and preventing unwanted
electrical current from flowing to the valve controller 104 when sharing an electrical ground.
Although a direct conduction path between the transmitter 108 and the process control system
100 1s not permitted by the galvanic 1solator 124, energy or information 1s able to be
exchanged therebetween by other means, such as capacitance, induction or electromagnetic
waves, or by optical, acoustic, or mechanical means. Some example embodiments of the

galvanic 1solator 124 include a capacitor, transtormer, and opto-isolator.

[0030] In another embodiment of the valve controller 104, analog-to-digital and digital-to-
analog circuitry 126 may be implemented to facilitate the digital transformation of the valve
position sensor value to the transmitter output value. It 1s to be understood that any known
technology for implementing the analog-to-digital and digital-to-analog circuitry 126 may be
incorporated into the position controller 106 and the transmitter 108. Additionally,
input/output (I/O) circuitry 128 may be implemented to facilitate communication between the
valve controller 104 (for example, position controller 106, transmitter 108) and the other
devices of the process control system 100 (for example, valve 102, sensor 112). Any known
technology for implementing the I/O circuitry 128 may be incorporated into the valve
controller 104, for example, pulse-width modulation (PWM) or pulse-duration modulation

(PDM) may be implemented to facilitate control of the transmitter output signal ultimately

_0 -
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transmitted by the transmitter 108. The pulse modulated signal 1s capable of being passed
from the transmitter 108 across the galvanic 1solator 124 and to the process control system
100. The pulse modulated signal may be used to control the output current using circuitry
components that are sufficiently stable wherein recalibration of the 4-20mA output portion of

the valve controller 104 1s generally not necessary.

[0031] In another aspect of the valve controller 104, configuration via any one or
combination of a physical switch, an auxiliary input, or software, may be utilized to select a
first operating mode wherein the transmitter 108 provides an analog output signal that
represents a position of the valve 102. Alternatively, the configuration may provide a second
operating mode wherein the transmitter 108 may provide a switch-type functionality where
the output signal represents a valve state, status, or condition with respect to a predetermined
threshold value. The threshold value may be set to distinguish the valve position among two
conditions or states; for example, a fully-open valve position and a not fully-opened valve
position, or a fully-closed valve position and a not fully-closed valve position. Additionally,
the threshold value may be set as a percentage of a fully-open valve position; for example,
more than 50% open or less than 50% open. The threshold value, which may be utilized to
detect the transition of the valve position from one state to another state, for example, from
fully open to not fully open, may be incorporated into an alarm module to alert process

control personnel of changing operating states of the valve 102.

[0032] FIG. 4 is a flow diagram of an example method 400 for providing selectable output
modes of the valve controller 104 shown 1n FIG. 1. At block 402, a hardware switch and
software configuration are provided to enable a variety of operating modes of the valve
controller, for example, to provide an output indicative of valve position, valve state, etc. At
block 404, the switch and software are contfigured for the desired operating mode. At block
406, the 1internal conditions, for example the availability of power from the transmitter power
supply, are monitored for agreement with the desired operating mode. At block 408, if the
switch and software configurations agree, the valve controller implements the desired
operating mode at block 410, e.g., valve position, valve state. If there 1s disagreement, the

operator 1s prompted to correct the configuration.

[0033] In another embodiment of the valve controller 104, the transmitter 108 1s dual-
powered and configured to receive power when either or both the position controller 106 and
the transmitter 108 are powered. An example configuration of a dual-power circuitry 500 for

implementation with the valve controller 104 1s shown in FIG. 5. The dual-power circuitry
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500 ensures that the transmitter 108 1s able to receive or obtain the calibration table and/or
chart from the position controller 106. More specifically, a first power source 502 1s coupled
to the position controller 106 and the transmitter 108 and a second power source 504 1s
coupled to the transmitter 108. Utilizing the first power source 502 to supply power to both
the position controller 106 and the transmitter 108 enables the transmitter 108 to be powered
at a time when the position controller 106 may send the calibration table/chart to the
transmitter 108. In the example embodiment of the dual-power circuitry shown 1n FIG. 5, a
diode circuit 500 including a pair of diodes 506, 508, are operatively coupled to the first
power supply 502, the second power supply 504, the position controller 106, and the
transmitter 108. If power 1s not being supplied to the transmitter 108 by the second power
supply 504, for example, during an 1nitial set-up of the process system when the transmitter
108 may not be 1n operation, the diode circuitry will ensure that the power from the first

power supply 502 will be provided to the transmitter 108.

[0034] The applications and benetits of the systems, methods, and techniques described
herein are not limited to only the above examples. Many other applications and benefits are
possible by using the systems, methods, and techniques described herein. Thus, many
modifications and variations may be made in the techniques and structures described and
illustrated herein without departing from the spirit and scope of the present invention.
Accordingly, it should be understood that the methods and apparatus described herein are

illustrative only and are not limiting upon the scope of the invention.

[0035] It should also be understood that, unless a term 1s expressly defined in this patent

29

using the sentence “As used herein, the term ° " 1s hereby defined to mean . . .” or a

similar sentence, there 1s no intent to limit the meaning of that term, either expressly or by
implication, beyond its plain or ordinary meaning, and such term should not be interpreted to
be limited 1n scope based on any statement made 1n any section of this patent (other than the
language of the claims). To the extent that any term recited 1n the claims at the end of this
patent 1s referred to 1n this patent in a manner consistent with a single meaning, that 1s done
for sake of clarity only so as to not confuse the reader, and 1t 1s not intended that such claim
term be limited, by implication or otherwise, to that single meaning. Also, unless a claim
element 1s defined by reciting the word “means™ and a function without the recital of any

structure, it 1s not intended that the scope of any claim element be interpreted based on the

application of 35 U.S.C. § 112(f) and/or pre-AlIA 35 U.S.C. § 112, sixth paragraph.
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[0036] Moreover, although the foregoing text sets forth a detailed description of numerous
different embodiments, 1t should be understood that the scope of the patent 1s defined by the
words of the claims set forth at the end of this patent. The detailed description 1s to be
construed as exemplary only and does not describe every possible embodiment because
describing every possible embodiment would be impractical, if not impossible. Numerous
alternative embodiments could be implemented, using either current technology or
technology developed after the filing date of this patent, which would still fall within the
scope of the claims. By way of example, and not limitation, the disclosure herein

contemplates at least the following aspects:

[0037] Aspect 1: A valve controller for controlling a valve, the valve controller
comprising: a position controller coupled to the valve and capable of driving a valve control
signal to the valve to move the valve to a known position such as a physical travel limit(s),
for example, fully opened or fully closed; the position controller including a position
controller processor and a position controller memory; a transmitter coupled to the position
controller via a communication link, the transmitter including a transmitter processor and a
transmitter memory; a valve position sensor operatively coupled to the valve, the position
controller, and the transmitter, wherein the valve position sensor provides a valve position
sensor value indicating the position of the valve in response to the valve control value driven
from the position controller to the valve; a calibration table and/or chart including a
transmitter output value correlated to the valve position sensor value, the calibration table
and/or chart generated by the position controller processor executing an algorithm utilizing a
calibration valve position during calibration of the position controller and a calibration valve
position sensor value obtained from the valve position sensor in response to the calibration
valve position during calibration of the position controller; and a transmitter output signal
transmitted from the transmitter, the transmitter output signal including the transmitter output

value.

[0038] Aspect 2: The valve controller of Aspect 1, wherein the calibration table and/or

chart 1s stored 1n the position controller memory.

[0039] Aspect 3: The valve controller of any combination of Aspects 1 and 2, wherein the
calibration table and/or chart 1s automatically transmitted to the transmitter upon completion

of a modification to the calibration data.
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[0040] Aspect 4: The valve controller of any combination of Aspects 1 to 3, wherein the

calibration table and/or chart 1s stored in the transmitter memory.

[0041] Aspect 5: The valve controller of any combination of Aspects 1 to 4, further

comprising at least one selectable output mode.

[0042] Aspect 6: The valve controller of any combination of Aspects 1 to 5, further

comprising a first output mode, wherein the transmitter output signal represents a valve

position.

[0043] Aspect 7: The valve controller of any combination of Aspects 1 to 6, further
comprising a second output mode, wherein the transmitter or switch output signal represents

a state of the valve position defined in relation to a valve position threshold level.

[0044] Aspect 8: The valve controller of any combination of Aspects 1 to 7, further

comprising a galvanic 1solator coupled between the transmitter and a system network.

[0045] Aspect 9: The valve controller of any combination of Aspects 1 to 8, further
comprising a power supply circuit coupled to the valve controller including a pair of
electrically separate power sources, the pair of electrically separate power sources including a
first power source capable of providing power to the position controller and the transmuitter,
and a second power source capable of providing power to the transmitter, wherein the power
supply circuit 1s configured to provide power to the transmitter via the first power source

when the second power source fails to provide power to the transmitter.

[0046] Aspect 10: The valve controller of any combination of Aspects 1 to 9, wherein the
power supply circuit includes a diode circuit, wherein a pair of diodes 1s coupled to the

position controller, the transmitter, the first power source, and the second power source.

[0047] Aspect 11: A method of operating a valve controller to control a valve, the valve
controller including one or more processors, a memory, and a position controller coupled to
the valve, a valve position sensor, and a transmitter, the method comprising: calibrating, by
the one or more processors, the position controller and obtaining calibration data 1n response
to the calibration of the position controller; generating, by one or more processors, a
calibration table and/or chart based on the calibration data of the position controller, the
calibration table and/or chart including a valve position value correlated to a valve position
sensor value; driving, by the one or more processors, a calibration valve control signal to the
valve; receiving, by the one or more processors, the valve position sensor value from the

valve position sensor in response to the driven calibration valve control signal; utilizing, by
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the one or more processors, the calibration table and/or chart and determining the transmitter
output value correlated to the valve position sensor value; and transmitting, by the one or

more processors, a transmitter output signal including the determined valve position.

[0048] Aspect 12: The method of Aspect 11, wherein generating the calibration table
and/or chart includes executing an algorithm utilizing the calibration data of the position
controller to determine the transmitter output value based on a calibration valve position and
a calibration valve position sensor value obtained from the valve position sensor 1n response
to the calibration valve control signal driven by the position controller during calibration of

the position controller.

[0049] Aspect 13: The method of any combination of Aspects 11 and 12, wherein
determining a transmitter output value includes utilizing the calibration table and/or chart to

identify the transmitter output value associated with the valve position sensor value.

[0050] Aspect 14: A system for controlling a valve, the system comprising a valve
controller including: one or more processors, a valve position sensor coupled to the valve
and the one or more processors; a transmitter coupled to the valve position sensor and the one
Or more processors; a position controller coupled to the valve, the valve position sensor, the
transmitter, and the one or more processors; and a non-transitory computer-readable memory
coupled to the one or more processors, the non-transitory computer-readable memory
including instructions stored thereon on that, when executed by the one or more processors,
cause the valve controller to: calibrate the position controller and obtain calibration data in
response to the calibration of the position controller; generate a calibration table and/or chart
based on the calibration data of the position controller; transmit a valve control value to the
valve; receive a valve position sensor value from the valve position sensor; utilize the
calibration table and/or chart and determine a transmitter output value based on the valve
position sensor value; and transmit a transmitter output signal including the determined valve

position value.
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[0051] Aspect 15: The system of Aspect 14, further comprising a calibration table and/or
chart stored on the memory and including the transmitter output value corresponding to the
position sensor value, the calibration table and/or chart generated by the one or more
processors executing an algorithm to determine the transmitter output value, wherein the
algorithm utilizes a calibration valve positioned attained during calibration of the position
controller and a calibration position sensor value obtained from the valve position sensor in

response to the calibration valve position during calibration of the position controller.

[0052] Aspect 16: A non-transitory computer-readable medium including instructions
stored on a memory of a system for controlling a valve, the system comprising a valve
controller including one or more processors, a valve position sensor coupled to the valve and
the one or more processors; a transmitter coupled to the valve position sensor and the one or
more processors; a position controller coupled to the valve, the valve position sensor, the
transmitter, and the one or more processors; and a non-transitory computer-readable memory
coupled to the one or more processors, wherein the instructions when executed by the one or
more processors, cause the system to: calibrate the position controller and obtain calibration
data in response to the calibration of the position controller; generate a calibration table
and/or chart based on the calibration data of the position controller wherein the calibration
table and/or chart includes a transmitter output value correlated to a valve position sensor
value; drive a valve control value to the valve; receive a valve position value from the valve
position sensor 1n response to the valve position; utilize the calibration table and/or chart and
determine a transmitter output value based on the valve position sensor value; and transmit a

transmitter output signal including the determined valve position value.

[0053] Aspect 17: The non-transitory computer-readable medium of Aspect 16, wherein
the calibration table and/or chart stored on the memory and generated by the one or more
processors executing an algorithm utilizing a calibration valve position attained during
calibration of the position controller and a calibration valve position sensor value obtained
from the valve position sensor 1n response to the calibration valve control signal driven by the

position controller during calibration of the position controller.
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CLAIMS

What is claimed is:

1. A valve controller for controlling a valve, the valve controller comprising:

a position controller coupled to the valve and capable of driving the valve to a known
position, the position controller including a position controller processor and a position
controller memory;

a transmitter coupled to the position controller via a communication link, the
transmitter including a transmitter processor and a transmitter memory;

a valve position sensor operatively coupled to the valve, the position controller, and
the transmitter, wherein the valve position sensor provides a valve position sensor value
indicating the position of the valve;

a calibration table and/or chart including a transmitter output value correlated to the
valve position sensor value, the calibration table and/or chart generated by the position
controller processor executing an algorithm utilizing a position attained by the valve during
calibration of the position controller and a calibration valve position sensor value obtained
from the valve position sensor 1n response to the calibration valve control signal driven by the
position controller during calibration of the position controller; and

a transmitter output signal transmitted from the transmitter, the transmitter output

signal including the transmitter output value.

2. The valve controller of claim 1, wherein the calibration table and/or chart 1s

stored 1n the position controller memory.

3. The valve controller of any of the preceding claims, wherein the calibration
table and/or chart 1s automatically transmitted to the transmitter upon completion of the

calibration of the position controller.

4. The valve controller of any of the preceding claims, wherein the calibration

table and/or chart 1s stored on the transmitter memory.

J. The valve controller of any of the preceding claims, comprising a transmitter

with at least one selectable output mode.
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6. The valve controller of any of the preceding claims, comprising a first output

mode, wherein the transmitter output signal represents a valve position.

7. The valve controller of any of the preceding claims, comprising a second
output mode, wherein the transmitter output signal represents a state of the valve position

defined 1n relation to a valve position threshold level.

3. The valve controller of any of the preceding claims, comprising a transmitter
output mode, wherein the transmitter output signal represents a state of the valve position

defined 1n relation to a valve position threshold level.

9. The valve controller of any of the preceding claims, further comprising a

galvanic 1solator coupled between the transmitter and a system network.

10. The valve controller of any of the preceding claims, further comprising:

a power supply circuit coupled to the valve controller including a pair of electrically
separate power sources, the pair of electrically separate power sources including a first power
source capable of providing power to the position controller and the transmitter, and a second

power source capable of providing power to the transmitter.
11. The valve controller of any of the preceding claims, wherein the power supply

circuit includes a diode circuit including a pair of diodes coupled to the position controller,

the transmitter, the first power source, and the second power source.

- 17 -



CA 03000751 2018-03-29

WO 2017/062710 PCT/US2016/055893

12. A method of operating a valve controller to control a valve, the valve
controller including one or more processors, a memory, and a position controller coupled to
the valve, a valve position sensor, and a transmitter, the method comprising:

calibrating, by the one or more processors, the position controller and obtaining
calibration data 1n response to the calibration of the position controller;

generating, by one or more processors, a calibration table and/or chart based on the
calibration data of the position controller, the calibration table and/or chart including a
transmitter output value correlated to a valve position sensor value;

driving, by the one or more processors, a valve control value to the valve;

receiving, by the one or more processors, the valve position sensor value from the
valve position sensor, the valve position sensor value representative of the valve position;

utilizing, by the one or more processors, the calibration table and/or chart and
determining the transmitter output value correlated to the valve position sensor value; and

transmitting, by the one or more processors, a transmitter output signal including the

determined transmitter output value.

13. The method of claim 12, wherein generating the calibration table and/or chart
includes executing an algorithm utilizing valve position sensor value obtained from the valve
position sensor and the valve position attained when calibration valve control signals were

driven by the position controller during calibration of the position controller.
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14. A system for controlling a valve, the system comprising:
a valve controller including:

One Or More processors,

a valve position sensor coupled to the valve and the one or more processors;

a transmitter coupled to the valve position sensor and the one or more
Processors;

a position controller coupled to the valve, the valve position sensor, the
transmitter, and the one or more processors; and

a non-transitory computer-readable memory coupled to the one or more
processors, the non-transitory computer-readable memory including instructions
stored thereon on that, when executed by the one or more processors, cause the valve
controller to:

calibrate the position controller and obtain calibration data 1n response to the
calibration of the position controller;

generate a calibration table and/or chart based on the calibration data of the
position controller, wherein the calibration table and/or chart includes a transmitter
output value correlated to a valve position sensor value;

drive a valve control signal to the valve;

receive the valve position sensor value from the valve position sensor 1n
response to the valve position attained when the valve control value 1s driven to the
valve;

utilize the calibration table and/or chart and determine the transmitter output
value correlated to the valve position sensor value; and

transmit a transmitter output signal including the determined transmitter

output value associated with the valve position.

13. The system of claim 14, wherein the calibration table and/or chart 1s stored on
the memory, and generated by the one or more processors executing an algorithm utilizing a
calibration valve position attained during calibration of the position controller and a
calibration valve position sensor value obtained from the valve position sensor in response to

the valve position during calibration of the position controller.
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16. A non-transitory computer-readable medium including instructions stored on a
memory of a system for controlling a valve, the system comprising a valve controller
including one or more processors, a valve position sensor coupled to the valve and the one or
more processors; a transmitter coupled to the valve position sensor and the one or more
processors; a position controller coupled to the valve, the valve position sensor, the
transmitter, and the one or more processors; and a non-transitory computer-readable memory
coupled to the one or more processors, wherein the instruction when executed by the one or
more processors, cause the system to:

calibrate the position controller and obtain calibration data 1n response to the
calibration of the position controller;

generate a calibration table and/or chart based on the calibration data of the
position controller wherein the calibration table and/or chart includes a transmuitter
output value correlated to a valve position sensor value;

drive a valve control signal to the valve;

receive a valve position value from the valve position sensor 1n response to the
position attained with the valve control signal driven to the valve;

utilize the calibration table and/or chart and determine a transmitter output
value based on the valve position sensor value; and

transmit a transmitter output signal including the determined valve position.

17. The non-transitory computer-readable medium of claim 16, wherein the
calibration table and/or chart stored on the memory and generated by the one or more
processors executing an algorithm utilizing a calibration valve position attained by the valve
during calibration of the position controller and a calibration valve position sensor value
obtained from the valve position sensor 1n response to the calibration position attained 1n

response to the valve control signal driven by the position controller during calibration of the

position controller.
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