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control functions

(57) Afield device for use in a process control net-
work having a plurality of devices (12-32) communica-
tively coupled by a two-wire, all-digital communication
bus includes a connector that connects the field device
to the two-wire, all-digital bus (34) to enable all-digital
communication over the bus, a memory that stores a
diagnostic test routine having a series of device or proc-
ess diagnostic test instructions, and a controller (14,
102) that performs the device or process diagnostic test
instructions stored in the memory {0 implement a device
or process diagnostic test using the field device. A data
collection unit within the field device collects diagnostic
data generated during the diagnestic test and a commu-
nication unit communicates the collected diagnostic
data over the bus to a host (12) device for processing.
The controller (14, 102) may include a program lan-
guage interpreter adapted to interpret the diagnostic
test instructions which may be provided to the field
device from another one of the devices via the bus (34).
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Description
RELATED APPLICATION

[0001] This is a continuation-in-pan of U.S. Patent
Application Serial No. 08/726,262 filed October 4, 1996.

FIELD QF THE INVENTION

[0002] The present invention relates generally to
process control networks and, more specifically, 1o a
method of and an apparatus for performing local device
and process diagnostics in a process control network
having distributed control functions.

DESCRIPTION OF THE RELATED ART

[0003] Large processes such as chemical, petro-
leumn, and other manufacturing and refining processes
include numerous field devices disposed at various
locations to measure and control parameters of the
process to thereby effect control of the process. These
field devices may be, for example, sensors such as tem-
perature, pressure, and flow rate sensors as well as
conirol elements such as valves and switches.

[0004] Historically, the process control industry
usad manual eperations like manually reading level and
pressure gauges, turning valve wheels, etg., to operate
the measurement and control field devices within a
process. Beginning in the 20th century, the process
control industry began using local pneumatic control, in
which local pneumatic controllers, transmitters, and
valve positioners were placed at various locations within
a process plant to effect control of certain plant loca-
tions. With the emergence of the microprocessor-based
distributed control system (DCS) in the 1970's, distrib-
uted electronic process control became prevalent in the
process control industry.

[0005] As is known, a DCS includes an analog or a
digital computer, such as a programmable logic control-
ler, connected to numerous electronic monitoring and
control devices, such as electronic sensors, transmit-
ters, current-to-pressure transducers, valve positioners,
ete. located throughout a process. The DCS computer
stores and implements a centralized and, frequently,
complex control scheme to effect measurement and
control of devices within the process to thereby control
process parameters according to some overall control
scheme. Usually, however, the control scheme imple-
mented by a DCS is proprietary to the DCS controller
manufacturer which, in turn, makes the DCS difficult
and expensive to expand, upgrade, reprogram, and
service because the DCS provider must become
involved in an integral way to perform any of these activ-
iies. Furthermore, the equipment that can be used by
or connected within any particular DCS may be limited
due to the proprietary nature of DCS controller and the
fact that a DCS controller provider may not support cer-
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fain devices or functions of devices manufactured by
other vendors.

[0006] To overcome some of the problems inherent
in the use of proprietary DCSs, the process conirol
industry has developed a number of standard, open
communication protecols including, for example, the
HART®, PROFIBUS®, WORLDFIP®, LONWORKS®,
Device-Net®, and CAN protocols, which enable field
devices made by different manufacturers to be used
together within the same process control network. In
fact, any tield device that conforms to one of these pro-
tocols can be used within a process to communicate
with and o be controlled by a DCS controller or other
controller that supports the protocol, even if that field
device is made by a different manufacturer than the
manufacturer of the DCS controller.

[0007] Moreover, there is now a move within the
process control industry 10 decentralize process control
and, thereby, simplify DCS controllers or eliminate the
need for DCS controllers 1o a large extent. Decentral-
ized control is obtained by having process control
devices, such as valve positioners, transmitters, etc.
perform one or more process control functions and by
then communicating data across a bus structure for use
by other process control devices in performing other
control functions. To implement these control functions,
each process control device includes a microprocessor
capable of performing one or more conirol functions as
well as communicating with other process conirol
devices using a standard and open communication pro-
tocol. In this manner, field devices made by different
manufacturers can be interconnected within a process
control network to communicate with one another and to
perform one or more process control functions forming
a control loop without the intervention of a DCS control-
ler. The alldigital, two-wire bus protocol now being
promulgated by the Fieldbus Foundation, known as the
FOUNDATION™ Fieldbus (hersinafter "Fieldbus") pro-
tocol is one open communication protocol that allows
devices made by different manufacturers to interoperate
and communicate with one another via a standard bus
to effect decentralized control within a process.

[0008] As noted above, the decentralization of proc-
ess control functions simplifies and, in some cases,
eliminates the necessity of a proprietary DCS controller
which, in turn, reduces the need of a process operator
to rely on the manufacturer of the DCS controller to
change or upgrade a control scheme implemented by
the DCS controller. However, decentralized control also
makes it more difficult to perform diagnostics, such as
process diagnostics, which are typically performed by a
DGS contreller. Performing regular diagnostics, such as
device and process diagnostics, is very important, how-
ever, when using fiekd devices such as fluid conirol
valves in harsh environments in which, for example,
temperature and pressure ranges are widely variable. In
such environments, substantial maintenance, including
periodic preventative maintenance, maintenance due fo
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valve breakdown, and testing to verify that valves are
functioning properly, is necessary.

[0009] In a standard DCS environment, a computer
(such as a personal computer) is coupled to the network
and performs device diagnostics on, for example, a
valve or a positionerfivalve combination, by sending a
diagnostic control signal to the positioner, which then
forces the valve through a test stroke or test cycle asso-
ciated with the diagnostic control signal. During this
time, the computer measures outputs of the positioner
and/or the vallve, such as changes in valve position, that
occur in response to the diagnostic control signal and,
thereafter, performs analysis on the measured outputs
to determine the operating condition of the valve or the
positionerivalve device.

[0010] In one known diagnostic system for fluid con-
trol valves, such as pneumatically actuated valves, a
pressure sensor is provided to sense varying pressure
at the input of a valve and a position sensor is provided
to sense the movement of a valve plug. The valve is
operated through a test operation cycle by supplying a
controlled variable pneumatic pressure to the input ter-
minal of & pneumatic valve. During, for example, the test
operation cycle of a dynamic scan, the valve plug is
moved through a desired range, normally from a fully
opened position to a fully closed position and returned
from the fully closed position to the fully opened posi-
tion. Alternatively, step tests may move the valve plug in
a series of individual steps to test certain valve parame-
ters.

[oo11] During the test operation cycle, the pressure
sensor provides an output signal that corresponds to
varying pressure at the valve input, and the position
sensor provides an input signal comresponding to the
movement of the valve plug. The respective input or out-
put signals of the air pressure at the actuator and the
valve plug or valve stem position are then processed to
derive data representing the variation in pressure at the
valve input as a function of movement of the valve plug
during the test operation cycle. The valve stem load is
derived by multiplying the air pressure times the effec-
tive area of the actuator diaphragm.

[o012] The diagnostic system receives the diagnos-
tic commands and communicates the diagnostic infor-
mation obtained from the sensors via a communication
line to an external control console or processor/compu-
ter. The external control console or processor/computer
requests a single diagnostic test and waits for a result
while the diagnostic system performs the test. When the
test is complete, the diagnostic system sends the test
result to the external control console. Many various
diagnostic tests are performed for each valve and a con-
trol system generally includes many valves so that diag-
nostic test time can be lengthy.

[0013] As is also known, in a standard DCS envi-
ronment, a computer such as a DGS controller performs
process diagnostics using, for example, a valve or a
positionerfvalve combination, by sending a diagnostic
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control signal to the positioner, which then forces the
valve through a test sequence.

[0014] In a standard DCS ervironment, device or
process diagnostics ¢can be performed without rewiring
or reconfiguring the system fo a significant extent
hecause the DCS controller or the external computer is
already configured to control the set points (or other
inputs) of the various devices within the process and to
measure device outputs and other process parameters
to implement a control strategy associated with the nor-
mal operation of the process. As a result, performing
diagnostics in a standard DCS environment is really a
matter of using the DCS controller or other external
computer in a slightly different way to control one or
more devices within the process and using the DCS
controller or other external computer to measure proc-
ess or device parameters. Thus, in standard DCS envi-
ronments, diagnostic routines ¢can be stored in and used
by a centralized DCS controller or other centralized
external computer to perform aimest any device or proc-
ess diagnostic and these diagnostic routines can be
used without reconfiguring the process control network
in any significant manner. Unfortunately, because of the
centralized nature of these diagnostics routines, they do
not provide much detailled information about fiekd
devices.

[0015] However, in a process control network hav-
ing distributed control functions, a centralized system
controller, to the extent it exists, is not configured to indi-
vidually control all of the field devices within a process
and is not configured to receive data pertaining to all of
the appropriate device or process parameters neces-
sary for performing device and process diagnostics.
Instead, different process control loops of the control
strategy are implemented by a number of communica-
tively linked devices located at distributed places within
the process control network. Typically, these devices
are configured to use scheduled periodic communica-
tions o communicate data necessary for implementa-
tion of the specific control functions associated with a
process control loop and to communicate cther data
{such as set point changes) using aperiodic or asyn-
chronous communications. As a result, in a process
control network having distributed control functions
implemented using scheduled periodic communica-
tions, a host device is unable to send a strictly determin-
istic diagnostic control signal to a process control device
while the system is configured to implement the normal
contrel strategy because the host device must use
asynchronous communications to deliver the diagnostic
control signal and, therefore, has no way of controlling
the precise time that the diagnostic control signal (or the
different portions therecf) amive at the device being
tested. In fact, using asynchronous communications, a
host device has no way of knowing when the diagnostic
control signal {or any particular part thereof) actually
arrives at the input of the device being controlled. As a
result, for a host device to send a deterministic diagnos-
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tic control signal 10 a device in a process control net-
work having distributed control functions, the control
configuration of the nelwork must be reconfigured,
which requires taking the process off-line.

[0016] Furthermore, while some process control
devices, such as the Fieldwue and the Flowscanner
devices manufactured and sold by Fisher Controls Inter-
national In¢., are capable of performing self diagnostics,
these devices are limited for use in process control sys-
tems that use an analog or a combined analog/digital
communication protocol to effect communications
between different devices. Currently, there is no process
conirol field device capable of performing self diagnos-
tics in an all-digital system, such as a Fieldbus system,
or in a communication system that performs distributed
control functions.

[0017] Furthermore, process control devices that
can perform self diagnostics are typically limited to per-
forming only the diagnostics hardcoded into the device
by the device manufacturer and, therefore, are incapa-
ble of performing diagnostic routines or tests generated
by a host or a user {which may include routines devel-
oped by a different device manufacturer). This situation
prevents a user from being able to run the same test on
all of the different types of devices within a plant.
[0018] Still further, process control devices that per-
form self diagnostics are generally incapable of per-
forming process diagnostics. Thus, a host device must
be set up to perform process diagnostics even in a sys-
tem having field devices that can perform some self
diagnostics (i.e., device diagnostics). As noted above,
however, it is difficult for a host device to perform proc-
ess diagnostics in a process control system having dis-
tributed functions because the control configuration
must be reconfigurad to allow the host to synchronously
control a device. Moreover, the use of the different con-
trol scheme during process diagnostics may produce
results that are erroneous or inaccurate with respect to
the control scheme run during normal operation of the
process. Also, field devices with diagnostic capabilities
have not been capable of diagnosing cther field devices
without local diagnostic capabilities.

SUMMARY OF THE INVENTION

[0019] The present invention is directed to a
method of and a device for performing device and proc-
ess diagnostics on and from a particular process control
device within a process control network and, preferably,
within a process control network having distributed con-
trol functions. According to the present invention, a
diagnostic test routine {(which may be a device or a proc-
ess diagnostic test routine) is stored in and imple-
mented by a process control device to perform
diagnostics on that process control device without the
necessity of reconfiguring the control scheme associ-
ated with the process control network. As a result, the
diagnostic test routine may be implemented according
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to the present invention while a process is being control-
led under essentially the same control sirategy as that
implemented during normal operation of the process.
Moreover, the device or process diagnostic test routine
implemented by a process control device according to
the present invention may be generated by a user at a
host device and delivered to the process control device
before the diagnostic test routine is run, which enables
the process control device to implement any desired
diagnostic test routine, including routines supplied by
other device manufacturers.

[0020] According to one aspect of the present
invention, a field device, capable of being used in a
process control system that has a plurality of field
devices mutually coupled by a two-wire, digital, powered
bus, includes a pneumatically operated fluid control
valve, a positioner coupled by a pneumatic pressure line
to the fluid control valve for generating a pneumatic
pressure that causes the fluid control valve to move to a
position ranging from an open position 1o a ¢closed posi-
tion and a position sensor coupled to the positioner and
to the fluid control valve for sensing the position of the
fluid control valve. A pressure sensor is coupled 1o the
pneumatic pressure line for sensing the pneumatic
pressure applied to the fluid control valve and an eleciri-
cal to pneumatic transducer is coupled to the positioner
by the pneumatic pressure line for controlling the pneu-
matic pressure in the pneumatic pressure line as a func-
tion of an electrical signal. An electronic controller is
coupled 1o the electrical to pneumatic transducer, the
pressure sensor, and the position sensor, and includes
control logic that determines the electrical signal based
on feedback signals indicative of a pressure sensed by
the pressure sensor and a position sensed by the posi-
tion sensor and based on the fiekd device control signal.
Morecover, a digital interface is coupled to the two-wire,
digital, powered hus and to the electronic controller and
includes a circuit for supplying power derived from the
powered bus to the field device and a two-weay commu-
nication circuit that receives signals including the field
device control signal from the bus and that transmits
signals indicative of a status of the field device to the
bus.

[0021] According to another aspect of the present
invention, a field device for use in a process control net-
work having a plurality of devices communicatively cou-
pled by a two-wire, all-digital communication bus
includes a connector that connects to the two-wire, all-
digital bus to enable all-digital communication over the
bus, a memory that stores a diagnostic test routine hav-
ing a series of diagnostic test instructions, and a con-
troller that performs the diagnostic test instructions
stored in the memory to implement a diagnostic test
using the field device. The field device also includes a
data collection unit that collects diagnostic data gener-
ated during the diagnostic test and a communication
unit that communicates the collected diagnostic data
over the bus in an all-digital format.
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[0022] Preferably, the controller includes a program
language interpreter adapted to interpret a program lan-
guage and the diagnostic test instructions are stored in
the program language and are delivered {o the control-
ler of the field device from a second one of the plurality
of devices via the bus. Likewise, the diagnostic test
instructions may perform a device and/or a process
diagnostic, as desired. If the diagnostic test instructions
specify a process diagnostic, the data collection unit is
adapted to receive data generated by other devices dur-
ing the diagnostic test.

[0023] According to a still further aspect of the
present invention, a field device for use in a process
control network having a plurality of devices communi-
catively coupled by abus includes a memory that stores
a diagnostic test routine having a series of diagnostic
test instructions, a device controller that performs the
diagnostic test instructions stored in the memory 10
implement a diagnostic test, a data collection unit that
collects diagnostic data generated during the diagnostic
test and a communication unit that receives the diag-
nostic test instructions from a second one of the plurality
of devices via the bus, that stores the received diagnos-
tic test instructions in the memory and that communi-
cates the collected diagnostic data over the bus.

[0024] According to a yet another aspect of the
present invention, a field device for use in performing a
process diagnostic test in a process control network
having a plurality of devices communicatively coupled
by a bus includes a memory that stores a process diag-
nostic test routine having a series of diagnostic test
instructions to be implemented by the field device and a
device controller that performs the process diagnostic
test instructions stored in the memory to implement a
process diagnostic test. The fiekd device also includes a
data collection unit that collects diagnostic data gener-
ated by the field device during the process diagnostic
test and that receives further process diagnostic data
from a second one of the plurality of devices via the bus.
A communication unit within the field device communi-
cates the collected diagnostic data and the further proc-
ess diagnostic data over the bus after the process
diagnostic test is completed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Fig. 1 is a schematic block diagram of a process
control network using the Fieldbus protocol;

Fig. 2 is a schematic block diagram of a Fieldbus
device having a set of three function blocks therein;
Fig. 3 is a schematic block diagram illustrating the
function blocks within some of the devices of the
process control network of Fig. 1;

Fig. 4 is a control loop schematic for a typical proc-
ess control loop within the process control network
of Fig. 1;
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Fig. 5 is & timing schematic for a macrocycle of a
segment of the bus of the process control network
of Fig. 1;

Fig. 6 is a schematic block diagram showing a dig-
ital field device having a two-wire, loop-powered,
two-way digitally-communicating positioner;

Fig. 7 is a block diagram illustrating a suitable field
device controller for use in controlling the digital
field device of Fig. 6,

Fig. 8 is a flow chart illustrating a technique for per-
forming diagnostic tests;

Fig. 9 is a flow chart illustrating a diagnostic test
protocol for testing the digital field device of Fig. 6;

Figs. 10A, 10B, and 10C are graphs depicting dif-
ferent diagnostic test signals used to perform
device diagnostics according to the present inven-
tion;

Figs. 11A and 11B are conirol loop schematics
including a diagnostic data collection function block
according to the present invention; and

Fig. 12 is a flow chart illustrating a diagnostic test
protocol for performing a process diagnostic test
using the diagnostic data collection function block
of Fig. 11.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0D26] While the device and process diagnostics of
the present invention are described in detail in conjung-
tion with a process control network that implements
process control functions in a decentralized or distrib-
uted manner using a set of Fieldbus devices, it should
be noted that the diagnostics of the present invention
can be used with process control networks that perform
distributed control functions using other types of field
devices and communication protocols, including proto-
cols that rely on cther than two-wire buses and proto-
cols that support only analog or both analog and digital
communications. Thus, for example, the device or proc-
ess diagnostics of the present invention can be used in
any process control network that performs distributed
control functions even if this process control network
uses the HART, PROFIBUS, etc. communication proto-
cols or any other communication protocols that now
exist or that may be developed in the future. Further-
more, the diagnostics of the present invention may also
be used with standard process control networks that do
nat perform distributed control functions, such as HART
networks, etc., and may be used within any desired
process control device, including valves, positioners,
transmitters, etc.

[0027] Before discussing the details of the diagnos-
tics of the present invention, a general description of the
Fieldbus protocol, field devices configured according to
this protocol, and the way in which communication
occurs in a process control network that uses the Field-
bus protocol will be provided. However, it should be
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understood that, while the Fieldbus protocol is a rela-
tively new all-digital communication protocol developed
for use in process control networks, this protocol is
known in the art and is described in detail in numerous
articles, brochures and specifications published, distrib-
uted, and available from, among others, the Fieldbus
Foundation, a not-for-profit organization headquartered
in Austin, Texas. |n particular, the Fieldbus protocal, and
the manner of communicating with and stering data in
devices using the Fieldbus protocol, is described in
defail in the manuals entitled Communications Techni-
cal Specification and User Layer Technical Specification
from the Fieldhus Foundation, which are herehy
expressly incorporated by reference herein in their
entirety.

[0028] The Fieldbus protocol is an all-digital, serial,
two-way communication protocol that provides a stand-
ardized physical interface to a two-wire loop or bus inter-
connecting “field" equipment such as sensors,
actuators, controllers, valves, elc. located in an instru-
mentation or process control environment of, for exam-
ple, a factory or a plant. The Fieldbus protocol provides,
in effect, a local area network for field instruments (field
devices) within a process facility, which enables these
field devices to perform control functions at locations
distributed throughout a process and to communicate
with one angther before and after the performance of
these control functions to implement an overall control
sirategy. Because the Fieldbus protocol enables control
functions to be distributed throughout a process control
network, it reduces the complexity of, or entirely elimi-
nates the necessity of the centralized process controller
typically associated with a DCS.

[0029] Referring to Fig. 1, a process control net-
work 10 using the Figldbus protocol may include a host
12 connected to a number of other devices such as a
program logic controller (PLC) 13, a number of control-
lers 14, ancther host device 15 and a set of field devices
16, 18, 20, 22, 24, 26, 28, 30, and 32 via a two-wire
Fieldbus loop or bus 34. The bus 34 includes different
sections or sagments, 34a, 34b, and 34¢ which are sep-
arated by bridge devices 30 and 32. Each of the sec-
tions 34a, 34b, and 34c interconnects a subset of the
devices attached to the bus 34 to enable communica-
tions between the devices in a manner described here-
inafter. Of course, the network of Fig. 1 is illustrative
only, there being many cther ways in which a process
control network may be configured using the Fieldbus
protocol. Typically, a configurer is located in one of the
devices, such as the host 12, and is responsible for set-
ting up or configuring each of the devices (which are
"smart” devices in that they each include a microproces-
sor capable of performing communication and, in some
cases, control functions) as well as recognizing when
new field devices are connected to the bus 34, when
field devices are removed from the bus 34, receiving
some of the data generated by the field devices 16-32,
and interfacing with one or more user terminals, which
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may be located in the host 12 or in any other device con-
nected to the host 12 in any manner.

[0030] The bus 34 supports or allows two-way,
purely digital communication and may also provide a
power signal to any or all of the devices connected
thereto, such as the field devices 16-32. Alernatively,
any or all of the devices 12-32 may have their own
power supplies or may be connected to external power
supplies via separate wires {not shown). While the
devices 12-32 are illustrated in Fig. 1 as being con-
nected to the bus 34 in a standard bus-type connegtion,
in which multiple devices are connected to the same
pair of wires making up the bus segments 343, 34b, and
34c, the Fieldbus protocol allows other device/wire
topologies including point-to-point connegctions, in which
each device is connected to a controller or a host via a
separate two-wire pair (similar to typical 4-20 mA ana-
log DCS systems), and tree or "spur" connactions in
which each device is connected to a common point in a
two-wire bus which may be, for example, a junction box
or a termination area in one of the field devices within a
process control network.

[0031] Data may be sent over the different bus seg-
ments 34a, 34b, and 24c at the same or different com-
munication baud rates or speeds according to the
Fieldbus protocol. For example, the Fieldbus protocol
provides a 31.25 Kbit's communication rate (H1), illus-
trated as being used by the bus segments 34b and 34c
of Fig. 1, and a 1.0 Mbit/s and/or a 2.5 Mbit/s {(H2) com-
munication rate, which will he typically used for
advanced process confrol, remote inputfoutput, and
high speed factory automation applications and is illus-
trated as being used by the bus segment 34a of Fig. 1.
Likewise, data may be sent over the bus segments 34a,
34b, and 34¢ according to the Fieldbus protocol using
voltage mode signaling or current mode signaling. Of
course, the maximum length of each segment of the bus
34 is not strictly limited but is, instead, determined by
the communication rate, cable type, wire size, bus
power option, etc. of that section.

[0032] The Fieldbus protocol classifies the devices
that can be connected to the bus 34 into three catego-
ries, namely, basic devices, link master devices, and
bridge devices. Basic devices (such as devices 18, 20,
24, and 28 of Fig. 1) can communicate, that is, send and
receive communication signals on or from the bus 34,
but are not capable of controlling the order or timing of
communication that occurs on the bus 34. Link master
devices (such as devices 16, 22, and 26 as well as the
host 12 of Fig. 1) are devices that communicate over the
bus 34 and are capable of conirolling the flow of and the
timing of communication signals on the hus 34. Bridge
devices (such as devices 30 and 32 of Fig. 1) are
devices configurad to communicate on and 1o intercon-
nect individual segments or branches of a Fieldbus bus
to create larger process control networks. K desired,
bridge devices may convert between different data
speeds andfor different data signaling formats used on
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the different segments of the bus 34, may amplify sig-
nals traveling between the segments of the bus 34, may
filter the signals flowing between the different segments
of the bus 34 and pass only those signals destined to be
received by a device on one of the bus segments to
which the bridge is coupled and/or may take other
actions necessary to link different segments of the bus
34. Bridge devices that connect bus segments that
operate at different speeds must have link master capa-
hilities at the lower speed segment side of the bridge.
The hosts 12 and 15, the PLC 13, and the controllers 14
may be any type of fieldbus device but, typically, will be
link master devices.

[0033] Each of the devices 12-32 is capable of com-
municating over the bus 34 and, importantly, is capable
of independently performing one or more process con-
trol functions using data acquired by the device, from
the process, or from a different device via communica-
tion signals on the bus 34. Fieldbus devices are, there-
fore, capable of directly implementing portions of an
overall control strategy which, in the past, were per-
formed by a centralized digital controller of a DCS. To
perform control functions, each Fieldbus device
includes one or more standardized "blocks" which are
implemented in a microprocessor within the device. In
particular, each Fieldbus device includes one resource
block and may include zero or more function blocks, and
zero or more transducer blocks. These blocks are
referred to as block objects.

[0034] A resource block stores and communicates
device specific data pertaining to some of the character-
istics of a Fielkdbus device including, for example, a
device type, a device revision indication, and indications
of where other device specific information may be
obtained within a memory of the device. While different
device manufacturers may store different types of data
in the resource block of a field device, each field device
conforming to the Fieldbus protocol includes a resource
hlock that stores some data.

[0035] A function block defines and implements an
input function, an output function, or a control function
associated with the field device and, thus, function
blocks are generally referred to as input, output, and
control function blocks. However, other categories of
function blocks such as hybrid function blocks may exist
or may be developed in the future. Each input or output
function block produces at least one process control
input (such as a process variable from a process meas-
urement device) or process control output (such as a
valve position sent to an actuation device) while each
control function block uses an algorithm (which may be
proprietary in nature) to produce ong or more process
outputs from one or more process inputs and control
inputs. Examples of standard function blocks include
analog input {Al}, analog output (AQ), bias (B), control
selector (CS), discrete input (D), discrete output (DO),
manual loader (ML), proportional/derivative (PD}, pro-
porticnalAntegral/derivative {(PID), ratio {RA), and signal
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selector (88) function blocks. However, other types of
function blocks exist and new types of function blocks
may be defined or created to operate in the Fieldbus
environment.

[0036] A transducer block couples the inputs and
outputs of a function block to local hardware devices,
such as sensors and device actuators, to enable func-
tion blocks 1o read the outputs of local sensors and o
command local devices to perform one or more func-
tions such as moving a valve member. Transducer
blocks typically contain information that is necessary to
interpret signals delivered by a local device and to prop-
erly control local hardware devices ingluding, for exam-
ple, information identifying the type of a local device,
calibration information associated with a local device,
etc. A single transducer block is typically associated
with each input or output function block.

[0037] Most function blocks are capable of generat-
ing alarm or event indications based on predetermined
criteria and are capable of operating differently in differ-
ent modes. Generally speaking, function blocks may
operate in an automatic mode, in which, for example,
the algorithm of a function block operates automatically;
an operator mode in which the input or output of, for
example, a function block, is controlled manually; an
out-of-service mode in which the block does not oper-
ate; a cascade mode in which the operation of the block
is affected from (determined by) the oulput of a different
block; and one or more remote modes in which a
remote computer determines the mode of the block
However, other modes of operation exist in the Fieldbus
protocol.

[0038] Importantly, each block is capable of com-
municating with other blocks in the same or different
field devices over the Fieldbus bus 34 using standard
message formats defined by the Fieldbus protocol. As a
result, combinations of function blocks (in the same or
different devices) may communicate with each other to
produce one or more decentralized control loops. Thus,
for example, a PID function block in one field device may
be connected via the bus 34 to receive an output of an
Al function block in & second field device, to deliver data
to an AD function block in third field device, and to
receive an output of the AD function block as feedback
to create a process control loop separate and apart
from any DCS controller. In this manner, combinations
of function blocks move contral functions out of a cen-
fralized DCS environment, which allows DCS muli-
function controllers to perform supervisory or coordinat-
ing functions or to be eliminated altogether. Further-
more, function blocks provide a graphical, block-
oriented structure for easy configuration of a process
and enable the distribution of functions among field
devices from different suppliers because these blocks
use a consistent communication protocol.

[0039] In addition to containing and implementing
block objects, each field device includes one or more
other objects including link objects, trend objects, alert
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ohjects, and view objects. Link objects define the links
between the inputs and cutputs of blocks (such as func-
tion blocks) both internal to the field device and across
the Fiekdbus bus 34.

[0040] Trend objects allow local trending of function
block parameters for access by other devices such as
the host 12 or controllers 14 of Fig. 1. Trend objects
retain short-term historical data pertaining o some, for
example, function block parameter and report this data
to other devices or function blocks via the bus 34 in an
asynchronous manner. Alert objects report alarms and
events over the bus 34. These alarms or events may
relate to any event that occurs within a device or one of
the blocks of a device. View objects are predefined
groupings of block parameters used in standard
human/maching interfacing and may be sent to other
devices for viewing from time to time.

[0041] Referring now to Fig. 2, a Fieldbus device,
which may be, for example, any of the field devices 16-
28 of Fig. 1, is illustrated as including three resource
blocks 48, three function blocks 50, 51, and 52 and two
transducer blocks 53 and 54. One of the function blocks
50 (which may be an input function block) is coupled
through the transducer block 53 to a sensor 55, which
may be, for example, a temperature sensor, a set point
indication sensor, etc. The second function block 51
(which may be an output function block) is coupled
through the transducer block 54 to an output device
such as a valve 56. The third function block 52 (which
may be a control function block) has a trend objest 57
associated therewith for trending the input parameter of
the function block 52.

[0042] Link objects S8 define the block parameters
of each of the associated blocks and alert objects 59
provide alarms or event notifications for the each of the
associated blocks. View objects 60 are associated with
each of the function blocks 50, 51, and 52 and include
or group data lists for the function blocks with which they
are associated. These lists contain information neces-
sary for each of a set of different defined views. Of
course, Fig. 2 is merely exemplary and cther numbers
of and types of block objects, link objects, alert objects,
trend objects, and view chjects may be provided in any
field device.

[0043] Referring now to Fig. 3, a block diagram of
the process control network 10 depicting the devices
16, 18, and 24 as positionerialve devices and the
devices 20, 22, 26, and 28 as transmitters also illus-
trates the function blocks associated with the posi-
tionerivalve 16, the transmitter 20, and the bridge 20. As
illustrated in Fig. 3, the positionerialve 16 includes a
resource (RSC) block 61, a transducer (XDR) block 62,
and a number of function blocks including an analog
output (AQ) function block 63, two PID function blocks
64 and 65, and a signal select (SS) function block 69.
The transmitter 20 includes a resource block 61, two
transducer blocks 62, and two analog input (Al) function
blocks 66 and 67. Also, the bridge 30 includes a
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resource block 61 and a PID function block 68.

[0044] As will be understood, the different function
blocks of Fig. 3 may operate together (by communicat-
ing over the bus 34) in & number of control loops and the
control loops in which the function blocks of the posi-
tionerivalve 16, the transmitter 20, and the bridge 30 are
located are identified in Fig. 3 by a loop identification
block connected to each of these function blocks. Thus,
as illustrated in Fig. 3, the AD function block 63 and the
PID function block 64 of the positioner/valve 16 and the
Al function block 66 of the transmitter 20 are connected
within a control loop indicated as LOOP1, while the S8
function block 69 of the positionerfvalve 16, the Al func-
tion block 67 of the transmitter 20, and the PID function
block 68 of the bridge 30 are connected in a control loop
indicated as LOOP2. The other PID function block 85 of
the positioner/valve 16 is connected within a conirol
loop indicated as LOOP3.

[0045] The interconnected function blocks making
up the control loop indicated as LOOP1 in Fig. 3 are
illustrated in more detail in the schematic of this control
loop depicted in Fig. 4. As can be seen from Fig. 4, the
control loop LOOP1 is completely formed by communi-
cation links between the AQ function block 62 and the
PID function block 64 of the positionerivalve 16 and the
Al function block 66 of the transmitter 20 (Fig. 3). The
control loop diagram of Fig. 4 illustrates the communica-
tion interconnections between these function blocks
using lines attaching the process and control inputs and
outputs of these functions blocks. Thus, the output of
the Al function block 66, which may comprise a process
measurement or process parameter signal, is communi-
catively coupled via the bus segment 34b to the input of
the PID function block 64 which has an output compris-
ing a control signal communicatively couplad to an input
of the AD function block 63. An output of the AC func-
tion block 63, which comprises a feedback signal indi-
cating, for example, the position of the valve 16, is
connected to a control input of the PID function block
64. The PID function block 64 uses this feedback signal
along with the process measurement signal from the Al
function block 66 to implement proper control of the AQ
function block 63. Of course the connections indicated
by the lines in the control Ioop diagram of Fig. 4 may be
performed internally within a field device when, as with
the case of the AD and the PID function blocks 63 and
&4, the function bloclks are within the same field device
(e.g., the positioner/fvalve 16}, or these connections may
be implemented over the two-wire communication bus
34 using standard Fieldbus synchronous communica-
tions. Of course, other control loops are implemented by
other function blocks that are communicatively intercon-
nected in cther configurations.

[0046] To implement and perform communication
and control activities, the Fieldbus protocol uses three
general categories of technology identified as a physical
layer, a communication "stack,” and a user layer. The
user layer includes the control and configuration func-
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tions provided in the form of blocks (such as function
blocks) and objects within any particular process control
device or field device. The user layer is typically
designed in a proprictary manner by the device manu-
facturer but must be capable of receiving and sending
messages according to the standard message format
defined by the Fieldbus protocol and of being config-
ured by a user in standard manners. The physical layer
and the communication stack are necessary to effect
communication between different blocks of different
field devices in a standardized manner using the two-
wire bus 24 and may be modeled by the well-known
Open Systems Interconnect (O8N layered communica-
tion model.

[004a7] The physical layer, which corresponds to
QO8I layer 1, is embedded in each field device and the
bus 34 and operates to convert electromagnetic signals
received from the Fieldbus transmission medium (the
two-wire bus 34) into messages capable of being used
by the communication stack of the field device. The
physical layer may be thought of as the bus 34 and the
electromagnetic signals present on the bus 24 at the
inputs and outputs of the field devices.

[0048] The communication stack, which is present
in each Fiekdbus device, includes a data link layer, which
comresponds to OS5I layer 2, a Fieldbus access sublayer,
and a Fieldbus message specification layer, which cor-
responds to OBl layer 6. There is no corresponding
structure for O8Il layers 3-S5 in the Fieldbus protocol.
However, the applications of a fieldbus device comprise
a layer 7 while a user layer is a layer 8, not defined in the
Q831 protocol. Each layer in the communication stack is
responsible for encoding or decoding a portion of the
message or signal that is fransmitted on the Fieldbus
bus 34. As & result, each layer ¢of the communication
stack adds or removes certain portions of the Fieldbus
signal such as preambles, start delimiters, and end
delimiters and, in some cases, decodes the stripped
portions of the Fieldbus signal to identify where the rest
of the signal or message should be sent or if the signal
should be discarded because, for example, it contains a
message or data for function blocks that are not within
the receiving field device.

[0049] The data link layer controls transmission of
messages onto the bus 34 and manages access fo the
bus 34 according to a deterministic centralized bus
scheduler called a link active scheduler, to be described
in more detail below. The data link layer removes a pre-
amble from the signals on the fransmission medium and
may use the received preamble to synchronize the inter-
nal clock of the fiekd device with the incoming Fieldbus
signal. Likewise, the data link layer converts messages
on the communication stack into physical Fieldbus sig-
nals and encodes these signals with clock information
to produce a "synchronous serial" signal having a
proper preamble for transmission on the two-wire bus
34. During the decoding process, the data link layer rec-
ognizes special codes within the preamble, such as
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start delimiters and end delimiters, to identify the begin-
ning and the end of a particular Fieldbus message and
may perform a checksum to verify the integrity of the
signal or message received from the bus 34. Likewise,
the data link layer transmits Fieldbus signals on the bus
34 by adding start and end delimiters to messages on
the communication stack and placing these signals on
the transmission medium at the appropriate time.

[0050] The Fieldbus message specification layer
allows the user layer (i.e., the function blocks, objects,
efc. of a field device) to communicate across the bus 34
using a standard set of message formats and describes
the communication services, message formats, and
protocol behaviors required to build messages to be
placed onto the communication stack and to be pro-
vided to the user layer. Because the Fieldbus message
specification layer supplies standardized communica-
tions for the user layer, specific Fieldbus message spec-
ification communication services are defined for each
type of object described above. For example, the Field-
bus message specification layer includes object diction-
ary services which allows a user to read an object
dictionary of a device. The object dictionary stores
object descriptions that describe or identify each of the
objects (such as block objects) of a device. The Field-
bus message specification layer also provides context
management services which allows a user to read and
change communication relationships, known as virtual
communication relationships (VCRs) described herein-
after, associated with one or more objects of a device.
Still further, the Fieldbus message specification layer
provides variable access services, event services,
upload and download services, and program invocation
services, all of which are well known in the Fieldbus pro-
tocol and, therefore, will not be described in more detail
herein. The Fieldbus access sublayer maps the Field-
bus message specification layer into the data link layer.
[0051] To allow or enable operation of these layers,
each Fieldbus device includes a management informa-
tion base (MIB), which is a database that stores VCRs,
dynamic variables, statistics, link active scheduler tim-
ing schedules, function block execution timing sched-
ules and device tag and address information. Of course,
the information within the MIB may be accessed or
changed at any time using standard Fieldbus messages
or commands. Furthermore, a device description is usu-
ally provided with each device to give a user or a hostan
extended view of the information in the VFD. A device
description, which must typically be tokenized to be
used by a host, stores information needed for the host to
understand the meaning of the data in the VFDs of a
device.

[0052] As will be understood, to implement any con-
trol strategy using function blocks distributed throughout
a process control network, the execution of the function
blocks must be precisely scheduled with respect to the
execution of other function blocks in a particular control
loop. Likewise, communication between different func-
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tion blocks must be precisely scheduled on the bus 34
s0 that the proper data is provided to each function
block before that block executes.

[0053] The way in which different field devices (and
different blocks within field devices) communicate over
the Fieldbus transmission medium will now be
described with respect to Fig. 1. For communication to
occur, ong of the link master devices on each segment
of the bus 34 (for example, devices 12, 16, and 26)
operates as a link active scheduler {LAS) that actively
schedules and controls communication on the associ-
ated sagment of the bus 34. The LAS for each segment
of the bus 34 slores and updates a communication
schedule (a link active schedule) containing the times
that each function block of each device is scheduled to
start periodic communication activity on the bus 34 and
the length of time for which this communication activity
is to occur. While there may be one and only one active
LAS device on each segment of the bus 34, cther link
master devices (such as the device 22 on the segment
34b) may serve as backup LASs and become active
when, for example, the current LAS fails. Basic devices
do not have the capability to become an LAS at any
time.

[0054] Generally speaking, communication activi-
ties over the bus 34 are divided into repeating macrocy-
cles, each of which includes one synchronous
communication for each function block active on any
particular segment of the bus 34 and cne or more asyn-
chronous communications for one or more of the func-
tions blocks or devices active on a segment of the bus
34. A device may be active, i.e,, send data to and
receive data from any segment of the bus 34, even if it
is physically connected to a different segment of the bus
34, through coordinated operation of the bridges and
the LASs on the bus 34.

[0D55] During esach macrocycle, each of the func-
tion blocks active on a particular segment of the bus 34
executes, usually at a different, but precisely scheduled
(synchronous) time and, at another precisely scheduled
time, publishes its output data on that segment of the
bus 34 in response to a compel data command gener-
ated by the appropriate LAS. Preferably, each function
block is scheduled to publish its output data shortly after
the end of the execution period of the function block.
Furthermore, the data publishing times of the different
function blocks are scheduled serially so that no two
function blocks on a particular segment of the bus 34
publish data at the same time. During the time that syn-
chronous communication is not occurring, each field
device is allowed, in turn, to transmit alarm data, view
data, etc. in an asynchronous manner using token
driven communications. The execution times and the
amount of time necessary to complete execution of
each function block are stored in the management infor-
mation base (MIB) of the device in which the function
block resides while, as noted above, the times for send-
ing the compel data commands to each of the devices
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on a segment of the bus 34 are stored in the MIB of the
LAS device for that segment. These times are typically
stored as offset times because they identify the times at
which a function block is to execute or send data as an
offset from the beginning of an "absolute link schedule
start time,” which is known by all of the devices con-
nected to the bus 34.

[0056] To effect communications during each mac-
rocycle, the LAS, for example, the LAS 16 of the bus
segment 34b, sends a compel data command to each of
the dewices on the bus segment 34b according 1o the list
of transmit times stored in the link active schedule.
Upon receiving a compel data command, a function
block of a device publishes its output data on the bus 34
for a specific amount of time. Because each of the func-
tions blocks is typically scheduled to execute so that
execution of that block is completed shortly before the
block is scheduled to receive a compel data command,
the data published in response to a compel data com-
mand should be the mest recent output data of the func-
tion block. However, if a function block is executing
slowly and has not latched new outputs when it receives
the compel data command, the function block publishes
the output data generated during the last run of the
function block and indicates that the published data is
old data using a time-stamp.

[0057] After the LAS has sent a compel data com-
mand to each of the function blocks on particular seg-
ment of the bus 34 and during the times that function
blocks are executing, the LAS may cause asynchronous
communication activities to occur. To effect asynchro-
nous communication, the LAS sends a pass token mes-
sage to a particular field device. When a field device
receives a pass token messagse, that field device has full
access to the bus 34 {or a segment thereof) and can
send asynchronous messages, such as alarm mes-
sages, trend data, operator set point changes, etc. until
the messages are complete or until a maximum allotted
“token hold time" has expired. Therzafter the field
device releases the bus 34 (or any particular segment
thereof) and the LAS sends a pass token message 1o
another device. This process repeats until the end of the
macrocycle or until the LAS is scheduled to send a com-
pel data command to effect synchronous communica-
tion. Of course, depending on the amount of message
traffic and the number of devices and blocks coupled fo
any particular segment of the bus 34, not every device
may receive a pass token message during each macro-
cycle.

[0058] Fig. Sillustrates a timing schematic depicting
the times at which function blocks on the bus segment
34b of Fig. 1 execute during each macrocycle of the bus
segment 34b and the times at which synchronous com-
munications occur during each macrocycle associated
with the bus segment 34b. In the timing schedule of Fig.
5, ime is indicated on the horizontal axis and activities
associated with the different function blocks of the posi-
tioner/valve 16 and the transmitter 20 (of Fig. 3) are
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illustrated on the vertical axis. The control loop in which
each of the functions blocks operates is identified in Fig.
5 as a subscript designation. Thus Al,_qogp1 refers to the
Al function block 66 of the transmitter 20, PID| oopy
refers to the PID function block 64 of the posi-
tionerfivalve 16, etc. The block execution period of each
of the illustrated function blocks is depicted by a cross-
hatched box while each scheduled synchronous com-
munication is identified by a vertical bar in Fig. 5.
[0059] Thus, according to the timing schedule of
Fig. 5, during any particular macrocycle of the segment
34b (Fig. 1), the Al_ocp1 function block executes first for
the time period specified by the box 70. Then, during the
time period indicated by the vertical bar 72, the output of
the Al qop¢ function block is published on the bus seg-
ment 34b in response to a compel data command from
the LAS for the bus segment 34h. Likewise, the boxes
74, 76, 78, 80, and 81 indicate the exacution times of
the function blocks PlDLoop-]. AlLoopg. AOLOOP1I
88 oopa, and PID oopa, respectively (which are differ-
ent for each of the different blocks), while the vertical
bars 82, 84, 86, 88, and 89 indicate the times that the
function blocks PID oop1,  Alloope.  AQLooPis
88, gopa, and PID oopa, respectively, publish data on
the bus segment 34b.

[0060] As will be apparent, the timing schematic of
Fig. 5 also illustrates the times available for asynchro-
nous communication activities, which may occur during
the execution times of any of the function blocks and
during the time at the end of the macrocycle during
which no function blocks are executing and when no
synchronous communication is taking place on the bus
segment 34b. Of courss, if desired, different function
blocks can be intenticnally scheduled to execute at the
same time and not all function blocks must publish data
on the bus if, for example, no other device subscribes to
the data produced by a function block

[0061] Field devices are able to publish or transmit
data and messages over the bus 34 using one of three
virtual communication relationships (VCRs) defined in
the Fieldbus access sublayer of the stack of each field
device. A client’'server VCR is used for queued,
unscheduled, user initiated, one to one, communica-
tions between devices on the bus 34. Such queued
messages are sent and received in the order submitted
for transmission, according to their priority, without over-
writing previous messages. Thus, a field device may
use a client/server VCR when it receives a pass foken
message from an LAS to send a request message to
another device on the bus 34. The requester is called
the "client" and the device that receives the request is
called the "server.” The server sends a response when
it receives a pass token message from the LAS. The cli-
ent'server VCR is used, for example, to effect operator
initiated requests such as set point changes, tuning
parameter access and changes, alarm acknowledge-
ments, and device uploads and downloads.

[0062] A report distribution VCR is used for queued,
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unscheduled, user initiated, one to many communica-
tions. For example, when a field device with an event or
a trend report receives a pass token from an LAS, that
field device sends its message to a "group address”
defined in the Fieldbus access sublayer of the commu-
nication stack of that device. Devices that are config-
ured to listen on that VCR will receive the report. The
report distribution VCR type is typically used by Field-
bus devices to send alarm notifications to operator con-
soles.

[0063] A publisher/subscriber VCR type is used for
buffered, one to many communications. Buffered com-
munications are ones that store and send only the Jatest
version of the data and, thus, new data completely over-
writes previous data. Function block outputs, for exam-
ple, comprise buffered data. A "publisher” field device
publishes or broadcasts a message using the pub-
lisherfsubscriber VCR type to all of the "subscriber” field
devices on the bus 34 when the publisher device
receives a compel data message from the LAS or from
a subscriber device. The publisher/subscriber relation-
ships are predetermined and are defined and stored
within the Fieldbus access sublayer of the communica-
tion stack of each field device.

[0064] To assure proper communication activities
over the bus 34, each LAS periodically sends a time dis-
tribution message to all of the field devices connacted to
a segment of the bus 34, which enables the receiving
devices to adjust their local application time to be in syn-
chronization with one another. Between these synchro-
nization messages, clock time is independenty
maintained in each device based on its own internal
clock. Clock synchronization allows the field devices to
time stamp data throughout the Fieldbus network to
indicate, for example, when data was generated.
[0065] Furthermore, each LAS {and ather link mas-
ter device) on each bus segment stores a "live list,”
which is a list of all the devices that are connected to
that segment of the bus 34, i.e., all of the devices that
are properly responding to a pass token message. The
LAS continually recognizes new devices added to a bus
segment by periodically sending probe node messages
to addresses that are not on the live list. In fact, each
LAS is required to probe at least one address after it has
completed a cycle of sending pass token messages to
all of the field devices in the live list. If a field device is
present at the probed address and receives the probe
node message, the device immediately returns a probe
response message. Upon receiving a probe response
message, the LAS adds the device to the live list and
confirms by sending a node activation message to the
probed field device. A field device remains on the live
list as long as that field device responds properly to
pass token messages. However, an LAS removes a
field device from the live list if the field device does not,
after three successive tries, either use the token or
immediately return the token to the LAS. When a field
device is added to or removed from the live list, the LAS
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broadcasts changes in the live list to all the other link
master devices on the appropriate segment of the bus
34 to allow each link master device to maintain a current
copy of the live list.

[0066] As noted above, the communication inter-
connections between the field devices and the function
blocks therecf are determined by a user and are imple-
mented within the process control network 10 using a
configuration application located in, for example, the
host 12. However, after being configured, the process
control network 10 operates without any consideration
for device or process diagnostics and, therefore, inter-
faces with the host 12 to perform standard IO functions,
but not diagnostic functions.

[0067] When a user wishes to perform diagnostics,
the user may have the host 12 send set point changes
to, for example, the AD function block 63 of the control
LOOP1 and record feedbackin the AD function block 63
using a trend object associated with the AD function
block 63. However, to perform this type of communica-
tion, the host 12 must use asynchronous {(non-pub-
lished) communications which allow the host 12 access
to the bus 34 only when the host 12 receives a pass
token message from an LAS. As a result, the different
parts of the diagnostic signal generated by the host 12
may not reach the AO function block 63 at precisely
determined times {(or precisely scheduled times) which
means that the diagnostic signal received at the AD
function block 63 will have a shape that is, at least in
part, determined by the communications backlog on the
bus 34 at any particular time. For this reason, any diag-
nostic signal sent using asynchronous communications
will not be strictly deterministic and, thus, may not be
very effective in performing diagnostics on a device ora
process. Furthermore, the host 12 has no way of guar-
anteeing that the feedback data collected by the trend
object(s) will not be lost due to overwrites, etc. Also, the
host 12 has no way of controlling the mode of the other
function blocks in LOOP1, such as the PID function
block 64, without specifically changing the mode of that
block.

[0D68] Until now, in order to assure complete and
strictly deterministic diagnostics in a process, a user
had to take the process control network 10 off-line and
reconfigure the communication interfaces therein so
that the host 12 was able to send set point changes to
the appropriate devices and receive data measured by
appropriate devices via synchronous communications.
However, as noted above, this procedure shuts the
process down and requires that an operator reconfigure
the process control network whenaver diagnostics are
to be performed, both of which are undesirable. Further-
more, the control implemented by the host 12 during
this diagnostic procedure is different than the control
being implemented by the communicatively linked func-
tion blocks during normal operation of the process and,
therefore, collected process data may not be indicative
of the cperation of the process while the process is
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being controlled normally.

[0069] To overcome these disadvantages in, for
example, a Fieldbus process conirol network, a device
or process diagnostic procedure is stored in and imple-
mented from a field device and may be used to perform
device andfor process diagnostics on that device or
using that device. The diagnostic procedure, which may
be implemented as a function block, is configured to
communicate with function blocks or cther components
of the device in which it is located and of receiving data,
such as measurements of device parameters or other
process parameters, over, for example, the bus 24 using
synchronous periodic communications (e.g., the pub-
lisher/subscriber VCR of Fieldbus protocal). In this man-
ner, the diagnostic routine is capable of deterministically
controlling the device in which it is located and of receiv-
ing and storing data pertaining to a device or a process
parameter in a periodic manner.

[0070] Referring to now to Fig. 6, a schematic block
diagram illustrates the digital field device 16 (of Fig. 3)
which is a two-wire, loop-powered, two-way digitally-
communicating positionerfvalve combination. The dig-
ital field device 16 includes a field device controller 102,
an I/P transducer 104, a pneumatic relay 106, an actua-
tor 108, and a valve 109, which are interconnected by
various pneumatic and electrical lines.

[0071] The fiekd device 16 receives operating sig-
nals and transmits status information and data in digital
form via the two-wire bus segment 34b, preferably
according to the Fieldbus standard, and is, therefore, a
two-wire positioner. Similarly, the field device 16
receives power, primarily for driving the device control-
ler 102 and the I/P fransducer 104, via the two-wire con-
tinuous loop bus segment 34b and is, therefore, a loop-
powered device.

[0072] As illustrated in Fig. 6, the /P transducer 104
is electrically connected to the device controller 102 by
an P transducer control line 110 and, in the illustrated
embodiment, communicates with the device controller
102 using analog control signals.

[0073] The I/P transducer 104 generates a pheu-
matic signal that causes actuation of the valve 109 and
is highly useful in electromechanical devices for con-
verting electrical signals to air pressure for a pneumatic
positioner. The actuator 108 controls the position of a
valve member 114 {which may be a valve stem) of the
valve 109 while g position sensor 116 senses the posi-
tion of the valve member 114 and generates a feedback
signal that is communicated to the device controller 102
via a signal line 117. This position signal may be used
by the device controller 102 to control the operation of
the field device 16 so that the I/P transducer 104 drives
the pneumatic pressure in a manner that causes the
valve member 114 to be at a desired position. Position
and other feedback information may be stored in a stor-
age unit or a memory of the device controller 102 and
externally accessed via the bus 34.

[0074] As is standard, the field device 16 receives a
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supply of pressurized air from an external source {not
shown) via a pneumatic line 118 connected to the VP
transducer 104 and to the pneumatic relay 106. An input
sensor 120 typically positioned betwezen the external air
source and the I/P transducer 104 measures the input
pneumatic supply pressure in the pneumatic line 118
and delivers this measurement to the device controller
102. The 1/P transducer 104 is connected to the pneu-
matic relay 106 via a pneumatic control ling 122 and an
I/P sensor 124 is positioned between the /P transducer
104 and the pneumatic relay 106 1o measure the pnau-
matic supply pressure in the line 122. Likewise, the
pneumatic relay 106 is connected to the actuator 108
via a pneumatic actuation ing 126 and a relay sensor
128 is positioned between the pneumatic relay 106 and
the actuator 108 to measure the pneumatic supply pres-
sure in the line 126. The pneumatic lines 118, 122 and
126 are considered parts of a single pngumatic ling
interconnecting the transducer 104 and the valve 109.
[0075] During operation, the device coniroller 102
controls actuation of the valve 109 by contralling the /P
transducer 104 to set a controlled valve operating pres-
sure in the pneumatic control ling 126. The device con-
troller 102 sends a control signal to the I/P transducer
104 via the I/P transducer control line 110 to control an
output pressure of the /P transducer 104 and relay 106
combination to be hetween about 3-100 psi (0.21-7.06
ksem) which is applied to a control input of the actuator
108. The actuator 108 generates an oufput pressure
that is applied to operate the valve 109.

[0076] Thus, as is known, the |/P fransducer 104
converts electrical signals into a pneumatic air pressure
signal. One example of a suitable I/P transducer 104 is
described in LS. Patent No. 5,439,021, entitled "Elec-
tro-Pneumatic Converter,” issued to B. J. Burlage et al,
on August 8, 1995, which is hereby incorporated by ref-
erence herein in its entirety. Likewise, the pneumatic
relay 106, which serves as a pneumatic amplifier, is
controlled by the I/P ransducer 104 as directed by the
device controller 102 to increase the air pressure of the
pneumatic actuation signal line 126 a controlled
amount. Thus, generally speaking, the pneumatic relay
106 supplies a controlled output pressure to a load or
utilization device, such as an actuator or a piston, in
response to a control signal from the device controller
102. A suitable relay is described in U.S. Patent No.
4,974,625, entitted "Four Mode Pneumatic Relay”
issued to S. B. Paullus et al, on December 4, 1990,
which is hergby incorporated by reference hergin in its
entirety. In the illustrated embodiment, the relay 106 is a
multi-functional four-mode pneumatic relay that is con-
figurable for any combination of direct/snap, direct/pro-
porticnal, reverse/snap, or reversefroportional
operation. In the proportional mode, the pneumatic
relay 106 develops a pressure output that is propor-
tional to a pressure or force input. In an onfoff or snap
mode, the pneumatic relay 106 generates a constant
pressure output, usually equal to the pressure of the

EP 1 022 626 A2

10

i5

30

35

50

55

13

24

applied supply, in response to the application of a
defined range of force or pressure control inputs. In a
direct mode of operation, the output pressure of the
pneumatic relay 106 increases with an increasing input
signal. In a reverse mode of operation, the relay output
pressure degcreases with an increasing input signal.
[0077] The input sensor 120, the I/P sensor 124,
and the relay sensor 128 are pressure transducers that
contain a pressure-to-electrical signal converter for con-
verting a pressure signal to an electrical signal and sup-
ply feedback signals to the device controller 102 via a
line 120. The /P sensor 124 is diagnostically useful for
detecting failure of either the VP transducer 104 or the
pneumatic relay 106 and determining, for example,
whether a failure is a mechanical failure or an electrical
failure. The /P sensor 124 is also useful for detecting
some system problems including a determination of
whether the air pressure input to the digital field device
16 is sufficient. As a result, the I/P sensor 124 allows the
status of the I/P transducer 104 and the pneumatic relay
106 to be rapidly diagnosed so that these devices can
be replaced quickly, if necessary.

[0078] In one embodiment, a suitable valve 109 for
use in the digital field device 16 is a valve and actuator
assembly using a spring and diaphragm actuator on a
sliding stem valve which is used in an analog device
described in U.S. Patent No. 4,976,144, entitled "Diag-
nostic Apparatus and Method for Fluid Control Valves,”
issued to W. V. Fitzgerald, on December 11, 1990,
which is hereby incorporated by reference herein in its
entirety. |n this exemplary embodiment, a pressure sig-
nal of about 3 psi (0.21 kscm) is provided to the actuator
108 in response to an approximate 4 mA signal applied
by the device controller 102 to the I/P transducer 104,
resulting in a comresponding pressure in the pneumatic
actuation signal line 126 that is insufficient to move the
valve 109 from a fully opened position. If the field device
controller 102 changes the control current applied to the
/P transducer 104 to approximately 20 mA, the I/P
transducer 104 generates a pressure in the pneumatic
actuation line 126 of approximately 15 psi (1.06 kscm),
which forces the valve 109 to a fully closed position.
Various positions of the valve 109 between the fully
opened position and the fully closed position are
attained through the operation of the device controller
102 controlling the input current applied to the I/P frans-
ducer 104 in the range from 4 mA to 20 mA.

[0079] The device controller 102 performs relatively
high-speed digital communications to receive control
signals and fo transmit position and pressure informa-
tion to an external processor or workstation in the prog-
ess control network 10 via the bus 34. The device
controller 102 includes storage or memory for storing
the results of multiple diagnostic tests so that pertinent
data are available for analysis. Diagnhostic operations,
such as device diagnostics, are generally in the form of
software program codes and are typically encoded,
stored and executed in the device controller 102 of the
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field device 16 in combination with program codes exe-
cuting in an external device such as a processor or the
host workstation 12.

[0080] A device diagnostic evaluation of the valve
109 may be performed through the operation of the
device controller 102 controlling the input current
applied to the I/P transducer 104 in a range sufficient to
test the valve 109 between fully opened and fully closed
positions. During the device diagnostic evaluation, the
ouiputs of the input sensor 120, the I'P sensor 124, and
the relay sensor 128 are monitored by the device con-
troller 102 to sense the pneumatic pressure in the pneu-
matic lines 118, 122 and 126, respectively, which are
used for analysis. The oulput of the position sensor 116
is also monitored to detect position or movement of the
valve stem 114 which corresponds to a position of or
motion of a valve plug (not shown) within the valve 109,
[0081] Thus, a test operating cycle of the valve 109
is performed under control of the device controller 102
by applying a controlled variable current to the I/P trans-
ducer 104, sensing the pressure within the pneumatic
lines 118, 122 and 126 and sensing the position of the
valve stem 114 using the position sensor 116. In this
manner, the device controller 102 simultaneously
receives time-varying elecirical signals indicating the
pressures at the illustrative locations and the position of
the valve 109 and may used these signals to determine
any number of device diagnostic parameters in any
known or desired manner.

[0082] Conventional fiekl devices typically do not
include a position sensor, such as the sensor 116, and
do not use position sensor results for diagnostic evalua-
tions. Also, conventional field devices do not include
sensors such as the input sensor 120, the I/P sensor
124, and the relay sensor 128 for measuring pressure in
the pneumatic control and for converting the pressure
signal to an electrical signal to facilitate diagnostic eval-
uation. However, these sensors and, particularly, the /P
sensor 124, improve diagnostic capabilities by facilitat-
ing localization of failure, error or fault conditions in the
field device 16. In particular, the /P sensor 124 assists
in differentiation between failures of the valve 109, other
failures in the field device 16, and failures external to the
field device 16 including failures of pneumatic line feed-
ing the field device 16. The /P sensor 124 is also useful
for performing a diagnostic test to determine the opera-
tional status of the I/P fransducer 104, the pneumatic
relay 106, the field device 16 and the process control
system 10 in general. In one embodiment, the /P trans-
ducer 104 and the pneumatic relay 106 are tested using
a diagnostic test procedure that drives the /P trans-
ducer 104 full open to measure the full air pressure pro-
vided to the valve 109. While the |/P transducer 104 is
driven open, the I/P sensor 124 constantly measures
pressure in the pneumatic control line 122, If the pres-
sure begins to decrease, the test indicates that the air
supply may be insufficient. A further diagnostic test of
air supply sufficiency is performed by pumping the valve
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109 by applying an osadillating signal to the I/P trans-
ducer 104 so that the valve 109 begins a suction action
with respect to the air supply and then measuring max-
imum flow and maximum pressure values using the I/P
sensor 124,

[0083] As illustrated in Fig. 7, the device controller
102 includes a microprocessor 140, an interface 142, a
bus isolation circuit 144, a plurality of storage devices
such as a random access memory (RAM) 146, a read-
only memory (ROM) 148 and a nonvolatile random-
access memory (NVRAM) 150, and a plurality of signal
processing devices such as an A/D convener 152, a D/A
convener 154 and a multiplexer 156. The interface 142
(which is a bus connector) is a circuit that performs
serial to parallel protocol conversion and parallel to
serial protocol comversion and is used to add framing
information to data packets according to any desired
protocol definition, such as the Fieldbus protocol. The
bus isolation circuit 144 is a circuit that is used to con-
vert a two-wire media communication signal on the bus
34 to a digital representation of the communication sig-
nal and supplies power received from the bus 34 fo
other circuits in the device controller 102 as well as to
the |/P transducer 104. The bus isolation circuit 144 may
also perform wave-shaping and signaling on the bus 34.
[0084] The A/D converter 152 is connected fo trans-
ducers such as the position and pressure transducers of
the position sensor 116 and the pressure sensors 120,
124 and 128 of Fig. 6 as well as to any other desired
analog input devices. Although the A/D converter 152
may have a limited number of input channels, the multi-
plexer 156 may be used to allow multiple signals 1o be
sampled. If desired, the multiplexer 156 may include a
bank of amplifiers connected between the signal lines
117 and 130 (Fig. 6) to amplify the position, pressure
and other feedback signals delivered thereto. The D/A
converter 154 performs digital to analog conversion on
signals developed by the microprocessor 140 to be
delivered to analog components, such as the I/P trans-
ducer 104.

[0085] In a typical diagnostic test application, the
controller 102 generates a 0-30 mA output test signal to
the I/P transducer 104 in, for example, a programmed
ramp, step change, onfoff form (or in any other desired
manner) to operate the valve 109 over a predetermined
range of pneumatic pressures, and receives diagnostic
test output signals developed by the pressure input sen-
sor 120, the /P sensor 124, the relay sensor 128 and
the position sensor 116. Specific test procedures may
be specified at and are generally initiated externally fo
the field device 16 using an input/output device such as
a workstation, although the procedures (and necessary
infformation associated therewith) may also be input
directly to the controller 102 using an input device such
as a keyboard. I desired, however, the test procedures
may be stored in the contraller 102. Similarly, diagnostic
test result information collected by or produced in the
field device controller 102 is typically fransferred to an
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external input/output device, although such information
may also be directly displayed from the device controller
102 using, for example, a CRT display or a printer.
[0086] The field device 16 performs diagnostic test
operations, such as device and process diagnostics,
using a program language interpreter embedded within
the controller 102 that interprels commands such as
those requesting the performance of diagnostic process
steps. The language interpreter is preferably imple-
mented in a program code stored in the PROM 148 and
executes in the microprocessor 140. In some embodi-
ments, a test (diagnostic) definition or procedure is
encoded into the PROM 148 and, thus, preloaded into
the field device 16. In other embodiments, a test {diag-
nostic) definition or procedure is downloaded at or
before the time that the procedure is to be run and is
stored in, for example, the RAM 146 for execution by the
microprocessor 140. In a typical embodiment, some
diagnostic functions are hard-coded into the PROM 148
and other functions are downlocaded, allowing the
design and implementation of new diagnostic tests with-
out modifying the permanent or hard-coded software in
the device 16. Although the language interpreter is
described within the context of the performance of proc-
ess diagnostics or device diagnostics in a Fieldbus-type
device (such as a Fieldbus valve), the language inter-
preter may be implemented in any type of embedded
controller, thereby enabling the use of common diag-
nostic test operations in any other type of embedded
controller.

[0087] During operation, the field device 16
receives instructions via the bus 34 from an operator
console or host workstation 12 in the process control
network 10. The language interpreter axecuting in the
device controller 102 interprets the instructions and
executes the operations defined by the instructions. In
an illustrated embodiment, the language definition is
depicted in a User Interface Command Table shown in
TABLE 1, as follows:

TABLE 1
Command Farameler(s)
Move Absolute Position
Move Relative Offset
Pause Time
Set Increment Increment

Increment UP

Ingrement Down

Loop Start Number of lterations

Loop End

Stop

Data Rate Integer Multiple of Servo Rate
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TABLE 1 (continued)

Command F'arameter(s)
//Comment Line
Label:
Call Subroutine | Subroutine Name
Return
Test Variable Variable, Value, Address
[0088] In this diagnostic language specification, a

user can use a command name to specify the command
for execution. A comment line is any line that begins
with two slashes (//), according to the standard C/C+ +
convention. A label is any word followed by a colon.
[0089] A diagnostic test procedure may be defined
in an gperator console such as in the host 12 which gen-
erates a sequence of instructions in accordance with
the language definition designed to implement the diag-
nostic test procedure. The operator console then trans-
mits the sequence of instructions encoded in the
interpretive language via the bus 34 to the digital fiekd
device 16 using, for example, asynchronous communi-
cations in the Fieldbus protocol. The language inter-
preter executing in the device controller 102 stores the
received instructions and interprets the instructions
sequentially to control the valve 109 as directed by the
instructions to thereby preform the diagnostic test. Diag-
nostic test procedures may, for example, control the
field device 16 to repeatedly step the valve 109, move
the valve 109 up or down, move the valve 109 a
selected amount in a selected direction, and the like.
The diagnostic test procedure also controls the collec-
tion of data from sensors in the fiekd device 16 (as well
as from other devices) and controls fransmission of data
1o the control conscle or host worlsstation 12 via the bus
34. Of course, if desired, the diagnostic test procedures
implemented by, instructions provided to the controller
102 may also process the received data to determine
diagnostic results and may send these results to the
host 12 or to other display device.

[0090] Thus, the diagnostic language interpreter
within the device controller 102 controls operation of the
field device 16 according to programmed instructions to
enable diagnostic test procedures to be defined exter-
nal to the digital field device 16 so that diagnostic tests
may be defined and modified freely without modification
of the field device 16. Likewise, new diagnostic control
procedures may be developed and sent to the field
device 16 after the field device 16 has been installed in
the process control network 10. If desired, however, the
device 16 may also or alternatively implement device
ancl/or process diagnostic test instructions stored in the
device at the time of manufacture or at some other time.
[0091] A control console (such as the host 12) typi-
cally includes diagnostic development tools such as lan-
guage editors and simulators for developing the control
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routines in the diagnostic language for execution by the
field device 16. The contrel conscle also typically
includes analysis tools for analyzing data received from
the field device 16 via the hus 34.

[0092] For the sake of completeness, example
diagnostic program codes in an interpretive language
are illustrated as follows for controlling the valve 109:

Program Code
1) SAMA ic Test Definition
[0093]

HCYCLE 0 TO 100% 3 TIMES
DataRate 1
CYCLE:Loop 3
MoveAbsolute 0.0
Pause 10000

Move Absolute 100.0
Pause 10000

LoopEnd

IMOVE TQ 50% STEP UP 4 TIMES
Move Absolute 50.0
Pause 10000
Setincrement 10.0
UP:LOOP4

Increment Up

Pause 10000

LoopEnd

HSTEP DOWN 8 TIMES
DOWN:Loop 8
IncrementDown

Pause 10000

LoopEnd

HSTEP UP 4 TIMES
UP2:Loop 4
IncrementUp

Pause 10000

LoopEnd

Stop

(2) Step Change Test Definition
[0094]

DataRate 1

MoveAbsolute 50.0

Pause 10000

MoveAbsolute 60.0
Pause 10000

Stop
(3) Stepped Ramp Test Definition
[0095]

DataRate 1

&
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MoveAbsolute 50.0

Setincrement 0.5

//STEP UP BY 0.5 FOR 10 TIMES
UP1: Loop 10

IncrementUP

Pause 1000

LoopEnd

HSTEP DOWN BY 0.5 FOR 10 TIMES
DOWN1: Loop 10

IncrementDown

Pause 1000

LoopEnd

Setincrement 1.0

HSTEP UP BY 0.5 FCR 10 TIMES
UP2: Loop 10

IncrementUp

Pause 1000

LoopEnd

HSTEP DOWN BY 0.5 FOR 10 TIMES
DOWN2Z: Loop 10

IncrementDown

Pause 1000

LoopEnd

Setincrement 2.0

//STEP UP BY 0.5 FOR 10 TIMES
UP3: Loop 10

IncrementUp

Pause 1000

LoopEnd

HSTEP DOWN BY 0.5 FOR 10 TIMES
DOWNS: Loop 10

IncrementDown

Pause 1000

LoopEnd

Stop

[0096]

DataRate 1

/STEP UP, DOWN, DOWN, UP. THEN INCRE-
MENT STEF SIZE AND

//REPEAT UNTIL CHANGES DETECTED.
Setincrement 0.5

Incrementup

Pause 100

IncrementDown

Pause 100

IncrementDown

Pause 100

Increment Up

Pause 100

Setincrement 1.0

IncrementUp

Pause 100

IncrementDown

Pause 100
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IncrementDown
Pause 100
IncrementUp
Pause 100
Setincrement 2.0
IncrementUp
Pause 100
IncrementDown
Pause 100
IncrementDown
Pause 100
IncrementUp
Pause 100
Setincrement 5.0
IncrementUp
Pause 100
IncrementDown
Pause 100
IncrementDown
Pause 100
IncrementUp
Pause 100

Stop

[0097] The first above-identified test (1) cycles
three times, performs four steps from the half open posi-
tion, steps down eight times and steps up four times.
The second test (2) performs a step change from 50 to
60 percent of the absolute position of the valve. The
third test (3) performs threg cycles of a stepped ramping
waveform starting at 50 percent of the absolute position
of the valve. The fourth test (4) repeats a series of steps
with increasing magnitudes until a change in the valve is
detected.

[0098] In these routines, the field device controller
102 implements a Conditional pause to stop recording
and sets a hit in a storage location to indicate where a
test is stopped. The field device controller 102 also
implements a Branch/GOTO statement, a Loop forever
statement, and a forced stop when an out-of-service
flag is set. The pauses are synchronized with servo run
times to that the test does not get out of synch with the
valve.

[0099] The illustrative program code depicts only
some examples of the types of diagnostic tests that may
be executed by the field device 16, there being many
other diagnostic tests that may be performed by pro-
gram instructions provided to the field device 16 includ-
ing, for example, a static cycle test in which the valve
109 is moved 10% up, 10%% down, 10% up, 10% down,
and so on for a plurality of cycles. Likewise, any device
diagnostic measurements may be made including, for
example, simple measurements of valve travel or pres-
sures within the device 16 as developed by the sensors
116, 120, 124 and 128 and/or any desired parameters
derived from these or other measurements including,
for example, (1) a dynamic error band, which is a plot of
travel {e.g., the oulput of the position sensor 116) ver-
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sus input (e.g., the control signal delivered to the con-
troller 102), (2) a plot of the drive signal (which is the
output of the controller 102 as delivered to the I/P trans-
ducer 104) versus a pressure measurement, (3) a plot
of drive signal versus input signal, {(4) output signal,
which is plot of travel versus drive signal, (5) valve sig-
nature, which is plot of pressure versus travel, etc. Of
course the pressure signals specified in these tests may
be any desired pressure signals, such as those meas-
ured by any of the sensors 120, 124 and/or 128.

[0100]  Although the diagnostic language and diag-
nostic language interpreter is advantageously imple-
mented in & process control network 10 using Fieldbus
communications for communicating to a digital field
device 16 in the form of a two-wire, loop-powered, two-
way digitally-communicating positioner, the language
interpreter may be implemented in other embodiments.
For example, the diagnostic language interpreter may
be implemented in any embedded controller that com-
municates using any desired communication technol-
ogy such as digital, analog, optical and the like.
Furthermore, although the illustrated diagnostic lan-
guage interpreter communicates according to the Field-
bus standard protocol, alternative embodiments of the
diagnostic language interpreter may be implemented in
an embedded controller that communicates using other
communication protocols including, for example, the
HART, Profibus, et¢. protocol and in systems that uses
other than two-wire buses, such as systems that use
four-wire buses. Likewise, the diagnostic language
interpreter may be implemented and used in other types
of valves including, for example, electronic and hydrau-
lic valves, as well as in other types of devices besides
valve devices.

[0101] Moreover, although the diagnostic language
and diagnostic language interpreter are described as
defining a particular instruction set, other instruction
sets may be implemented according to the specifica-
tions of the embedded controller within which the lan-
guage and interpreter are defined.

[0102] Of course, both device and process diagnos-
tic tests may bhe performed by issuing a command
requesting one or more specific diagnostic test proce-
dures at an operator console such as the host worksta-
tion 12. In the illustrated embodiment, the diagnostic
test procedures are implemented in two software pro-
gram codes. A first code executes in a processor exter-
nal to the field device 16, for example, in the host
workstation 12, to create or initiate a diagnostic test and
to receive collected data and perform analysis thereon,
while a second code executes in the device controller
102 to implement a diagnostic test stored theregin or pro-
vided by the host 12 in the form of program instructions.
In contrast, diagnostics in a conventional control system
network are performed solely by software executing in a
processor of a control console. Many advantages are
gained by executing diagnostic tests at the field device
level rather than at a control console level. For example,
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diagnostic testing may be performed in parallel and may
be distributed amoeng many fiekd devices by executing
these tests at the device level. Likewise, a more accu-
rate test may be performed in process control networks
having distributed control functions, such as in the
Fieldbhus protocol, where a host may not be able to
deterministically control operation of the field device
due to the fact that the host must communicate with the
field device in an asynchronous manner o perform a
diagnostic test.

[0103] Implementation of the two-way digital-com-
munication defined by the Fieldbus protocol is highly
advantageous for improving the speed of diagnostics,
both through an increase in data throughput and by
facilitating parallel performance of diagnostics among a
plurality of field devices. Using the Fieldbus protocol,
regularly scheduled messages are transferred at pre-
scheduled times and unscheduled messages, including
diagnostic messages and data, calibration information
and cther information such as status indications, are
transferred when the messages or data are ready and
the field device bus 34 is not otherwise busy. Diagnostic
request messages are received by target field devices
and diagnostic tests are performed by the field devices
asynchronously with respect to operations of other field
devices. When a diagnostic test operation is complete,
a field device returns a response, such as result data,
when the field device bus 34 is available. Accordingly,
as noted above, a plurality of field devices may perform
diagnostic tests in parallel.

[0104] Referring now to Fig. 8, a flow chart 200
illustrates a technique for performing diagnostic tests
within the field device 16. At a step 202, the field device
16 receives a request to perform a sequence of instruc-
tions implementing one or more diagnostic tests. Of
course, the host workstation 12 may issue such
requests to any one or 1o a mulliplicity of fiekl devices
simultaneously and allow each field device to collect
diagnostic data in parallel. f a multiplicity of field
devices are performing tests simultaneously, the work-
station 12 may collect data over an extended time inter-
val as rapidly as the diagnostic tests are performed and
the results are made available on the bus 34 by the indi-
vidual field devices. Conventional devices using a
unique set of wires to communicate with each field
device only access a single field device at one time and
only perform a single test for the single field device at
one time.

[0105] At a step 204, the field device 16 performs a
series of instructions to implement the one or more
diagnostic tests as directed by the request. Of course,
as noted above, the instructions may be stored in the
memory of the field device 16 or may be provided to the
field device by the host 12 via, for example, asynchro-
nous communications. While the test is being imple-
mented, ong or more parameters such as valve travel,
pressure, etc. are measured in parallel. Thus, while
conventional field devices typically receive a command
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for a single diagnostic test measurement, perform the
measurement serially, and respond to the request with a
single measurement value due to the limited communi-
cation bandwidth and the lack of storage capahility in
these field devices, the field device 16 may receive a
request for a plurality of tests using a flexible test proto-
col, may perform the plurality of tests, and then respond
with the results collected during the tests.

[0106] At a step 206, the field device 16 stores par-
amefric results of the plurality of tests measured for
each of the diagnostic tests in a memory and, at a step
208, transmits the data to the external requesting
device. Two-wire, two-way digital communication in
accordance with the Fieldbus standard substantially
improves the test result throughput of the digital field
device 16. In fact, digital communications using Field-
bus protocol improves data transmission time by
approximately thirty times over HART systems so that,
when the Fieldbus protocol is used to perform diagnos-
tic tests on multiple field devices in parallel, the amount
of diagnostic test time for a process control network
including many field devices is greatly reduced.

[0107] While conventional field devices typically
have a separate pair of wires connecting each field
device to a network so that each field device has exclu-
sive access 1o the wires, in the illustrated embodiment,
results of the diagnostic tests are transmitted to the
operator console or the host workstation 12 over the bus
34 using the Fieldbus standard protocol which reduces
the amount of wirg required to communicate with the
host 12.

[0108] As will be understood, during a diagnostic
test procedurs, the microprocessor 140 controls the D/A
converter 154 to supply a varying control signal to the
I/P transducer 104. For each particular control signal
value and sample time, the microprocessor 104 directs
the A/D convener 152 to measure the pressure and/or
position related electrical signals developed by the sen-
sors 116, 120, 124 and 128 (as well as any other signals
from other sensors). As the microprocessor 104 directs
the field device controller 102 through an operating
measurement cycle, pressure and valve travel informa-
tion are accessed by the device controller 102 and are
processed or stored. The collected data is often tempo-
rarily stored in the RAM 146 and is communicated to an
external device, such as a host workstation 12, often for
subsequent processing, analysis and display Of
course, the microprocessor 140 may also perform anal-
ysis if desired.

[0109] For example, pressure information meas-
ured by the relay sensor 128 and position information
measured by the position sensor 116 may be analyzed
in combination to determine the change in valve dia-
phragm pressure as a function of valve position. Simi-
larly, pressures measured by the input sensor 120, the
I/P sensor 124 and the relay sensor 128 may each be
analyzed in combination with the position measured by
the position sensor 116 to generate a deviation cycle
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showing a complete analysis of the operation of the
valve 109 including characteristics of linearity, hystere-
sis and range.

[0110] Referring to Fig. 9, a flow chart 300 illus-
trates a diagnostic test protocol implemented in the field
device 16 to perform a diagnostic test. An operator gen-
erates a sequence of diagnostic instructions at an oper-
ator console such as the workstation 12 and fransmits
the diagnostic instructions to the field device 16 which
slores these instructions in memory. Alternatively, or in
addition, diagnestic instructions may be stored in the
memory of the field device 16 during manufacture of the
device.

[0111] At a step 302, the field device 16 receives a
diagnostic command via the field device bus 34. If
desired, the diagnostic command may be in the form of
instructions in an interpretive diagnostic language
encoded for execution in the field device controller 102
or may be an instruction to initiate instructions already
stored within the device 16. The device controller 102
executes the various instructions to cause control ele-
ments in the digital field device 16 such as the I/P trans-
ducer 104 and the actuator 108 to manipulate the valve
109 and to cause sensors such as the input sensor 120,
the I/P sensor 124, the relay sensor 128 and the posi-
tion sensor 116 to perform measurements. The control
instructions may also include instructions for processing
the measurements and formatting data for presentation
to a user. Additional instructions may cause the field
device controller 102 to send processed or formatted
data to the requester via the field device bus 34.

[0112] At a step 304, the digital field device 16,
upon request, performs a test procedure in which, for
example, the valve 109 is exercised from a full-closed
status to full-open, then back to a full-closed status.
Likewise, the digital field device 16 may, upon request,
perform a plurality of step tests including, for example, a
single step movement and analysis, and a ten-step
movement and response measurement. A stepped
ramp test may be also be used and involves a series of
steps from a slight opening to a large opening of the
valve, such as & ramp ranging from 10% to 90% in steps
of, for example, 10% increments. A stepped study
inolves opening the valve in predefined steps, such as
1%, 2%, 5% and 10%, moving the valve in a first direc-
tion a specified step size, stabilizing, and then moving
the valve in a second direction at the specified step size.
[0113] At a step 206, the physical configuration of a
diagnostic test is set by commands communicated to
the digital field device 16. The physical configuration
variables include a drive signal applied to the actuator
108, a pressure setting applied to the VP transducer
104, as well as actuator pressure and a valve travel
reading. The physical configuration variables may be
set as independent test variables in some diagnostic
tests and monitored as dependent parameters in other
tests.

[0114] At a step 308, the field device 16 measures
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predetermined parameters for a particular physical test
configuration. For many diagnostic tests, muliple
parameters are measured for a single test configuration.
Typical parameters that are measured using a single
test configuration include valve position, process varia-
ble, actuator air pressure, supply pressure, drive signal,
transducer set point and I/P air pressure, to allow deter-
mination of, for example, valve signature, output signal,
dynamic error band, drive versus pressure, and travel
versus input signal amplitude.

[0115] At a step 310, the field device 16, through
the operation of the device controller 102, stores the
multiple parameters for a single test configuration in, for
example, the RAM 146. At a step 312, the data is com-
municated to the host 12 or other device. If testing is to
be performed using a different diagnostic test configura-
tion, the field device 16, through the operation of the
device controller 102 in a conditional step 314, loops
back to the step 306 to modify the test configuration.
[0116] The diagnostic tests in the illustrated field
device 16 are substantially improved in comparison to
convention field devices in part through improvements
in the diagnostic protocol structure, in part through
improvements in communication, and in part through
the implementation of additional sensors in the fiekd
device 16. The improvements in diagnostic protocol
structure enable the field device 16 to measure multiple
parameters for a single test configuration. The distribu-
tion of diagnostic control operations to the field devices
enable diagnostic tests to be completely controlled,
upon request, within a field device so that multiple
requests may be made to multiple field devices with the
individual field devices controlling the diagnostic tests
independently and in parallel to one ancther. The
improvements in diagnostic protocol structure also
advantageously enable the test procedures to be modi-
fied external to the field device by programming
changes. Accordingly, new diagnostic capabilities may
be added and wholesale changes in diagnostic opera-
tions may be made without modifying the field device.
Modffication of a field device is highly disadvantageous
due to the tremendous expense of shuiting down a
process line. The improvements in communication ena-
ble the fiekl device 16 1o measure multiple parameters
for a single test configuration. Conventional field
devices receive a request on communication lines that
are dedicated to a specific field device, set a test config-
uration according to the specifications of the request,
and return a single test measurement according to the
request. A subsequent measurement under the same
test configuration is made by repeating the step, includ-
ing the redundant step of setting the test configuration.
The improved communications of the illusirated field
device 16 advantageously allow diagnostic testing of
multiple devices in parallel, increasing diagnostic test
throughput. Furthermoreg, the improved digital commu-
nications provide for a plurality of data types where ana-
log communications (of conventional field devices) do
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not.

[0117] While the invention has been described with
reference to various embodiments, it will be understood
that these embodiments are illustrative and that the
scope of the invention is not limited to them. Many vari-
ations, modifications, additions and improvements of
the emboadiments described are possible. For example,
the field device 16 is hut one illustration of a suitable
control valve and actuator combination. Other suitable
valve types include sliding stem, rotary plug, rotary ball,
butterfly, eccentric disk valves as well as other known
valve types. Other suitable actuators include spring and
diaphragm, spring and piston, double-acting piston,
hydraulic, electrohydraulic, electric or other known actu-
ator types using either a rofary or sliding stem valve.
Thus, the field device 16 is merely illustrative of various
types of positioners or other devices for controlling an
actuator and valve to modulate power. Moreover, the
field device in which the diagnostics of the present
imvention are used or located can be a device other than
a valve including, for example, a pump controller, a var-
iable speed drive, etc. Still further, the field device 16 is
not limited to operation in compliance with the Fiekdbus
standard but is further applicable to other digital com-
munication standards including HART, WORLDFIP
LONWORKS, Profibus and the like.

[0118] Of course, device and process diagnostic
tests may be stored in the controller 102 in the form of
function blocks or other scoftware and may be made so
that these diagnostic tests are accessible by the public
using any host device, such as a perscnal computer, so
that these tests may implemented without requiring
much knowledge on the part of the user. In cne embod-
iment, one or more easily accessible diagnostic routines
are stored in the device (e.g., the device 16) and may be
run by issuing a single command from a host specifying
which test is to be run. All of the data necessary for the
test is stored in the device and all cutput data collected
for the test is sent to the host after the test is complete.
[0119] Generally speaking, such "public" device
and process diagnostics can be commanded to write to
transducer blocks to effect movement of, for example,
valve components, and to read and store data produced
by the sensors using a tending blockin the Fieldbus pro-
tocol. Because all of information required by the host is
located in the device description of the field device, no
proprietary knowledge is required to implement any of
these public diagnostics. With the use of such public
diagnostics, the operation of a field device may be com-
pared with the operation of any cther field device made
by other manufacturers having the same diagnostics
therein.

[0120] Example waveforms used in such public
diagnostics are illustrated in Figs. 10A-10C. As indi-
cated by Fig. 10A, a public diagnostic may cause the
valve 109 to move in a step-wise ramping manner in the
opening direction at individual steps of, for example, one
percent for a particular number of steps (e.g., five steps)
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and is then moved in a step-wise ramping manner in the
closing direction at individual steps of one percent until
the initial value or position of the valve has been
reached. Preferably, a step to the new set point is
instantaneous, i.e., no rate limits are in effect, and the
delay time at each new set point is fixed and is deter-
mined by the size and response characteristics of the
valve/actuator device. Alternatively, as indicated by Fig.
10B, a public diagnostic may move a valve through a
ramp of five percent in the opening direction and then
immediately move the valve through a ramp of five per-
cent in the closing direction. The rate of the ramps are
preferably fixed and set to a rate determined by the
valvefactuator size. Most preferably, the ramp rate is
appraximately one-half of the maximum rate of the
speed for the device. Moreover, as indicated by Fig.
10C, a public diagnostic may move a valve in the open-
ing {or closing) direction in a single, for example, five
percent step from the current valve position, with the
instantaneous step time set that so that no rate limits
are in effect. This test concludes with the valve in a new
valve baseline position five percent above (or below) the
inttial point.

[0121] To implement the public diagnostics illus-
trated in Figs. 10A-10C using the Fieldbus pratocol, the
host 12 sends an execution command to the device
storing the public diagnostics which sets a trend list in
the device (e.g., the device 16) and then sets an appro-
priate VCR in the device 16 for trending. Next, the link
object of the device 16 is set for trending and, thereafter,
the diagnostic test proceeds. At this time, the host may
display a message to the user indicating that the diag-
nostics are in process and the host may read the status
or progress of the diagnostics o determine if an error
condition occurs. After the device 16 has completed the
diagnostic, the host reads and stores the trended data
and turns the trending off. The host may then perform
analysis on the retrieved data. If a status of, for exam-
ple, 200% or more is received from the device 16, an
emror in the diagnostics has occurred and the host may
indicate such an error to the user. After analyzing the
received data, the host may display the diagnostic data
developed from the stored trends or any results deter-
mined therefrom to the user. For example, the host 12
may graphically depict the actual movement of the valve
in response fo one or all of the above-described public
diagnostic waveforms along with the input waveform to
depict the response of the device 16 to the waveform.
[0122] When performing a public, or other diagnos-
tic, the device 16 first determines if a diagnostic com-
mand signal has been received and, if so, verifies that
the transducer block of the device is operating satisfac-
torily. if so, the device 16 then sets updated pointers for
trend data to indicate which data should be stored in the
trend block and verifies that a sufficient set point range
is available to perform the diagnostic. For example, to
run a test that requires five percent movement of the
valve in the opening direction, the valve must be at or
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below 95 percent of its maximum movement. If this
range is not available, the device 16 may send back an
error message to the host 12.

[0123] If no error has occurred, the device 16 runs
a selected test using test times and slope rates deter-
mingd from a lookup table (based on the valve/actuator
size) stored in the device 16 and takes the desired
measurements such as the position of the valve. During
the test, the valve updates the test status with a percent
complete from 0-100 percent and, if an emor is
detected, writes an error code greater than 200 percent
to a diagnostic status variable which is read by the host
12. Atthe end of the test, assuming no errors have been
reached, the diagnostic test writes a 100 percent status
in the diagnostic test status, variable and, thereafter,
reports collected trend data to the host using normal
stack operations set up to do the tending according to
standard Fieldbus protocols. Preferably, the loop speed
of the diagnostic test is set to be relatively high as com-
pared to the changes within the input waveform so that
enough trend data is collected to adequately model the
response of the device 16 to the diagnostic waveform.
Thus, in a Fieldbus protocol, where the frequency of
data sampling in a trend cobject is tied to the execution
rate of the function blocls, the loop execution rate
should be much higher than the rate of changes within
the input waveform to enable the rend object to collect
enough data o observe the response of the device 16
to the input waveform after each significant change
therein.

[0124] Of course, the public diagnostics illustrated
in, for example, Fig. 10, are best suited to perform
device diagnostics, in that they can be advantageously
used to cause a particular device to go through one or
morg diagnostic steps or operations during which time
the outputs of transducers within the device are meas-
ured to determine characteristics of that device. When
used in a Fieldbus protocol for device diagnostics, these
tests do not require the use of any additional function
blocks but, instead, can be run by an individual device
controller (such as the controller 102 of Fig. 6) o control
the transducer blocks apart from the normal operation
associated with the function blocks operating within the
device. Of course, if desired, a function block may be
used to analyze the collected data in some manner and
to provide the analyzed data 1o the host.

[0125] Referring now to Fig. 11A, a process control
loocp 400 capable of implementing device or process
diagnostics locally from a dewvice in a Fieldbus process
control network is illustrated in detail. The loop 400
includes the control loop, LOOP1 of Fig. 4, having the Al
function block 66 of the device 20 communicatively con-
nected via the bus 34 with the PID function block 64 and
the A/O function block 63 both of the device 16. The
locp 400 also includes a data collection function block
401 configured to receive data from the AQ function
block 63, the Al function block 66 and, if desired, other
function blocks such as Al function blocks 402 and 404,
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which may be located in other field devices connected
within the process control network 10. Of course, the
function blocks 66, 402 and 404 are configured to com-
municate with the data collection function block 401
using standard synchronous communications, such as
publisher/subscriber communications defined within the
Fieldbus protocol.

[0126] During operation, the controller 102 within
the field device 16 interrupts the normal operation of the
locp formed by the function blocks 66, 64 and 63 and
delivers a diagnostic waveform to the input of the AD
function block 63. At that time, the AQ function block 63
has its status mode changed to, for example, a local
control mode, which cascades back to the PID function
block 64 causing the PID function block 64 to shed its
mode status to, for example, manual, which in turn pre-
vents the PID function block 64 from producing an out-
put signal based on the inputs received thereby. As
noted above, the diagnostic waveform may be stored in
the controller 102 of the device 16 or may he provided
by the host 12 prior to implementation of the diagnostic
test. Of course, the waveform or other instructions
cause the wvalve associated with the device 16 to go
through a series of movements associated with a device
or a process diagnostic test.

[0127] During a device diagnostic, the data collec-
tion function block 401 receives data from the AO fune-
tion block 63 as well as data from other transducers
within the device 16, such as fransducers associated
with position sensors andfor any of the pressure sen-
sors like those illustrated in Fig. 6. During a process
diagnostic, the data collection function block 401 also or
alternatively receives data related to process variables
as developed by the Al function blocks 66, 402, 404, as
well as any other function bloclkes within the process con-
trol network 10. The data collection function block 401
may collect this data along with data pertaining o the
timing and the magnitude of the diagnostic waveform
delivered to the AQ function block 63 and may store this
data for future delivery to the host 12, where it may be
processed and illustrated to a user.

[0128]  After the device or process diagnostic test is
completed, the data collected by the function block 401
is delivered to the host 12 and the controller 102
releases control of the AD function block 63 back to the
PID function block €4 to return the loop comprising the
blocks 66, 64 and 63 to normal operation. Of course, at
this time, the status mode of the blocks 64 and 63 are
returnad to normal operation.

[0129] It should be noted that, while the data collec-
tion function block 401 does not necessarily require any
scheduled synchronous exgcution time, the communi-
cation interconnections of the function block 401 must
be established when configuring the process control
loop 400 and, therefore, these communication intercon-
nections exist even when no diagnostic is running. In
other words, when the data collection function block 401
needs to have data published fo it over the bus 34, it
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must be configurad to receive that data (i.e., the data
published by other devices) at the initialization of the
process control network 10 to avoid requiring a user to
reconfigure the network 10 simply to perform diagnes-
tics. However, as noted above, because the data collec-
tion function block 401 will generally collect only
process variable data that is already published on the
bus 34 or will collect data generated internally within the
device in which the data collection function block 401 is
present, the operation of the data collection function
block 401 will not generally add to the amount of syn-
chronous communications on the bus 34 or require
additional scheduled execution times for the process
control network 10. If desired, however, the data collec-
tion function block 401 may be configured to receive
data not usually published on the bus, which requires
that the publishing block be configured to publish that
data at the start-up of the process control network 10.
[0130] Referring now to Fig. 11B, a process control
loop 406 capable of implementing local diagnostics
within a device in a Fieldbus process control network is
illustrated in detail. Similar to the loop 400 of Fig. 11A,
the loop 406 includes the contral loop, LOOP1 of Fig. 4,
having the Al function block 66 of the device 20 commu-
nicatively connected via the bus 34 with the PID func-
tion block 64 and the A/O function block 63 both of the
device 16. The loop 406 also includes a data collection
function block 408 (located in the device 16) which oper-
ates essentially the same as the data collection function
block 401 except that it is configured only to receive
data locally from, for example, the AQ function block 63,
the PID function block 64 or any other transducers or
sensors within the device, such as pressor sensors,
position sensors, etc. The data collection function block
408 is especially useful in performing device diagnos-
tics where the required data is generated locally within
a device. Because, the block 408 does not need to
receive data from the bus 34, it does not have to be con-
figured initially at the start-up of the process control net-
work.

[0131] {f course, the data collection function blocks
401 and 408 are only two ways of collecting diagnostic
data within a process control device, there being many
other methods of collecting such data in different types
of process control networks and devices. For example,
the data for a device or a process may be collected by
other parasitic software located in a device that does not
conform to the definition of a fieldbus function block.
[0132] Referring now to Fig. 12, a flowchart 500
illustrates steps performed by a typical process diag-
nostic using, for example, the loop 400 of Fig. 11. Ata
step 502, a dala collection setup is provided to the data
collection function block 401 and other data necessary
for a diagnostic test is delivered from a host {e.g., host
12) to the device 16 in which the diagnostic is to be exe-
cuted. Thereafter, the diagnostic is initialized by a user
to cause the loop being tested to be isolated from the
rest of the process control network. Upon initialization,

16

15

ac

40

50

22

42

the device 16 changes the status of the AQ function
block 63 1o, for example, a logcal control mode, which
causes the PID function block 64 (or other upstream
function blocks) to change mode automatically accord-
ing to Fieldbus control standards. Thereafter, a block
506 performs a diagnostic instruction stored within the
memory of the device 16 and the data collection func-
tion block 401 collects diagnostic and process data at
the block 508. A block 510 determines if the test is com-
plete and, if not, returns control to the block 506 which
performs the next diagnostic instruction. Of course, the
next instruction may be a repeat of the previous one
causing, for example, a device to move in single direc-
tion until a limit has been reached.

[0133] The loop performed by the blocks 508, 508
and 510 repeats until the test is complete or until some
error has occurred or is detected at the block 510, at
which time a block 512 ends the diagnostic test and a
block 514 restores normal operating status to, for exam-
ple, the AC function block 63 which causes the PID
function block 64 to again change its status and condrol
the AD function block 63 according to normal condrol
operation.

[0134] The data collected by the data collection
function block 401 is provided to the host 12 which anal-
yses andfor displays the data. if desired, analysis can
be performed in the device 16 and the resulls of the
analysis may be provided by the host 12 10 a display unit
for display.

[0135] Using the device diagnostic method accord-
ing to the present invention, the device 16 collects both
device and process data without requiring separate
control by a host to implement or receive the data.
Because the diagnostic is performed within a device
and is controlled by the controller of that device instead
of a separate host device, the timing of the test can be
controlled precisely and data collected during a diag-
nostic test can be easily time aligned with the operation
performed by the device to provide accurate corre-
spondence between the test waveform and the results
of the test. When implemented to perform a process
diagnostic, the data collection function block 401 of the
loop 400 (or any similar loop having a data collection
function block configured to collest data from one or
more process contral loops) can be used to target loop
performance rather than just device performance and
can be used to indicate whether or not a valve is appro-
priate for a loop or if there are other issues with the loop
that would limit its overall performance. Process and/or
device testing may be implemented periodically without
requiring a process to be shutdown or placed in a non-
operating state. Of course, when the data collection
function block 401 is configured to collect only data
already published on the loop, it is limited by the conirel
schedule as fo the data that can be collected and used
for diagnostics.

[0136] Although the diagnostic functions have been
described herein as performing diagnostics on or using
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a downstream AQ function block 63 (which is an oufput
function block), and as regeiving inputs from and deliv-
ering feedback to an upstream PID function block 64
{which is a control function block) connected in a simple
control loop configuration, the data collection function
block 401 or other diagnostic function routine of the
present invention can be used in conjunction with other
output functions or function blocks and other control
functions or function blocks as desired and can be
implemented in control loops having configurations
other than that illustrated in Fig. 11.

[0137] Moreover, while some of the diagnostics
described herein have been implemented in the form of
a Fieldbus "function block," it is noted that the diagnos-
tics of the present invention ¢an be implemented using
other types of blocks, programs, hardware, firmware,
etc., associated with other types of conirol systems
and/or communication protocoels. In fact, while the Field-
bus protocol uses the term "function block™ to describe
a particular type of entity capable of performing a proc-
ess control function, it is noted that the term function
block as used herein is not so limited and includes any
sort of device, program, routing, or other entity capable
of performing a process control function in any manner
at distributed locations within a process control natwork.
Thus, the diagnostic function blocks described and
claimed hergin can be implemanted in other process
control networks or using other process control commu-
nication protocols or schemes (that may now exist or
that may be developed in the future) which do not use
what the Fieldbus protocol strictly identifies as a "func-
tion block.”

[0138] Still further, while process and device diag-
nostics have been described herein as being used in
performing diagnostics on (or using) positionerivalve
devices, it is noted that these diagnostics can be per-
formed on (or using) other types of devices, such as
those having moveable elements like dampers, fans,
etc. Likewise, although the diagnostics described herein
are preferably implemented in software stored in a proc-
ess control device, they may alternatively or additionally
he implemented in hardware, firmware, etc., as desired.
If implemented in sofiware, the diagnostics of the
present invention may be stored in any computer read-
able memory such as on a magnetic disk, a laser disk,
or other storage medium, in a RAM, ROM, EPROM, etc.
of a computer, and the like. Likewise, this software may
be delivered to a user or a device via any known or
desired delivery method including, for example, over a
communication channel such as a telephone line, the
internet, ete.

[0139] Thus, while the present invention has been
described with reference to specific examples, which
are intended 1o be illustrative only and not to be limiting
of the invention, it will be apparent to those of ordinary
skill in the art that changes, additions or deletions may
be made to the disclosed embodiments without depart-
ing from the spirit and scope of the invention.
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Claims

1. A field device for use in a process control system
including a plurality of fiekd devices (12-32) mutually
coupled by a two-wire, digital, powered bus, thebus
(34) supplying a field device control signal to the
field device, the field device comprising:

a pneumatically operated fluid control valve
(56, 109) having an actuator (108) connected
to a pneumatic pressure line (118, 122, 126) to
cause the fluid control valve (56, 109) to move
to a position ranging from an open position to a
closed position;

a position senseor (55, 116) coupled to the fluid
control valve for sensing the position of the fluid
conirol valve;

a pressure sensor (55, 120, 124, 128) coupled
to the pneumatic pressure line for sensing a
pneumatic pressure within the pneumatic pres-
sure line (118);

an electrical to pneumatic transducer (104)
coupled to the actuator (108) by the pheumatic
pressure line (118) for controlling the pneu-
matic pressure in the pneumatic pressure line
(118) as a function of an electrical signal;

an electronic controller (14, 102) coupled to the
electrical to pneumatic transducer (104), the
pressure sensor (55, 120, 124, 128) and the
position sensor (55, 116) the electronic control-
ler (14, 102) including a control logic that deter-
mines the electrical signal based on feedback
signals indicative of a pressure sensed by the
pressure sensor (55, 120, 124, 128) and a
position sensed by the position sensor (55,
116) and based on the fiekd device control sig-
nal; and

a digital interface coupled to the two-wire, dig-
ital, powered bus (34) and coupled to the elec-
tronic controller (14, 102), the digital interface
including:

a circuit for supplying power derived from the
powered bus to the field device including the
electronic controller (14, 102) and the electrical
to pneumatic transducer (104), and

a two-way communication circuit for receiving
signals including a field device control signal
from the bus (34) and transmitting signals
indicative of a status of the field device to the
bus (34).
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2. A process control system comprising:

a control console for generating commands
and receiving datq;

a two-wirg, digital, powered bus (34) coupled to
the control console;

and a plurality of field devices (12-32) mutually
coupled by the two-wire, digital, powered bus
(34),

the bus (34) supplying commands including a
field device control signal o the field devices,
one of the field devices including:

a pneumatically operated fluid control valve
(56, 109) having an actuator {108) coupled o a
pneumatic pressure line (118, 122, 126) to
cause the fluid control valve (56, 109) to move
to a position ranging from an open positionio a
closed position;

a position sensor (55, 116) coupled to the fluid
control valve for sensing the position of the fluid
control valve;

a pressure sensor (55, 120, 124, 128) coupled
to the pneumatic pressure line {118, 122, 126)
for sensing the pneumatic pressure within the
pressure line (118, 122, 126} ;

an electrical to pneumatic transducer (104)
coupled to the valve by the pneumatic pressure
line {118) for controlling the pneumatic pres-
sure in the pneumatic pressure line (118) as a
function of an electrical signal;

an electronic controller (14, 102) coupled to the
electrical to pneumatic transducer (104), the
pressure sensor (55, 120, 124, 128), and the
position sensor (55, 116), the electronic con-
troller {14) including a control logic that deter-
mings the electrical signal based on feedback
signals indicative of a pressure sensed by the
pressure sensor (55, 120, 124, 128) and a
position sensed by the position sensor (55,
116} and based on the field device contral sig-
nal; and

a digital interface coupled to the two-wire, dig-
ital, powered bus (34) and coupled to the elec-
tronic controller (14, 102), the digital interface
ingluding:

a circuit for supplying power derived from the
powered bus (34) to the field device including
the electronic controller {14, 102) and the elec-
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trical to pneumatic transducer (104), and

a two-way communication circuit for receiving
signals including the field device control signal
from the bus (34) and transmitting signals
indicative of a status of the field device to the
bus (34).

A field device according to Claims 1 and 2, further
including a pheumatic relay {106) coupled on the
pneumatic pressure line (118) between the electri-
cal to pneumatic transducer (104) and the valve
{59, 109) and the pressure sensor (55, 120, 124,
128) is coupled to the pneumatic pressure line
(118} between the electrical to pneumatic trans-
ducer (104) and the pneumatic relay (108).

A field device according to Claim 3, including a fur-
ther pressure sensor coupled to the pneumatic
pressure line (118) between the pneumatic relay
{106) and the valve (59, 109).

A field device according to Claims 1 and 2, further
including a pheumatic relay {106) coupled on the
pneumatic pressure line (118) between the electri-
cal to pneumatic transducer (104) and the valve
{59, 109) and the pressure sensor (55, 120, 124,
128) is coupled to the pneumatic pressure line
{118) between the pneumatic relay (106) and the
valve (59, 109).

Afield device according to Claims 1 and 2, wherein
the pneumatic pressure line {118} includes a pres-
sure supply line that is coupled to an input of the
electrical to pneumatic transducer (104) and the
pressure sensor {55, 120, 124, 128) is coupled o
the pneumatic pressure supply line {118) to meas-
ure the pressure supplied to the input of the electri-
cal to pneumatic transducer (104).

A field device according to Claims 1 and 2, further
comprising:

a second control logic for execution in the elec-
tronic controller {14, 102) for executing and
controlling a diagnostic valve test protocol in
response to a diagnostic test request received
from the bus (34) and for generating valve diag-
nostic data corresponding to variations in pres-
sure measured by the pressure sensor (55,
120, 124, 128) and variations in valve position
measured by the position sensor (55, 116), and
a storage coupled to the electronic controller
(14, 102) for storing the valve diagnostic data.

8. Afield device according to Claim 7, further compris-

ing:
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a third control logic for execution in the eleg-
tronic controller (14, 102) for digitally transmit-
ting valve diagnostic data to the bus (34).

9. A field device according to Claim 8, wherein the 5
field device executes the diagnostic test protocol
independently of operations of other field devices
on the bus (34).

10. Afield device according to Claim 1, whereinthedig- 70
ital interface communicates via the two-wire, digital,
powered bus (34) using a Fieldbus standard com-
munication protocol.

11. A process control system according to Claim 2, 15
wherein the control console includes an operating
logic for generating and transmitting a plurality of
diagnostic test commands for a plurality of field
devices (12-32); and

the plurality of field devices (12-32) each
includes further operating logic for executing
the diagnostic test commands independently of
operations of other field devices on the bus (34)
50 that the operations are executed in parallel. 25

30

35

50

55

25



EP 1 022 626 A2

FIG. 1

26

I
HOST { /12
ws) P T ric %] conmr 4] conmir J14| Host 18
| [ l !
H2 N
34a /
34
BRIDGE />0 BRIDGE [/32
—H1 L H1
L—34c —34b
LINK /15
| | Basic |24 MASTER
DEVICE 18 (LAS)
BASIC P
DEVICE
LNK | oo
! MASTER [/’ 20
(LAS) BASIC |/
DEVICE
| BASIC |/28 LINK
DEVICE MASTER
22



EP 1 022 626 A2

LINK
OBJECTS

58

ALERT

59

RESOURCE

L/

OBJECTS

{ SENSOR }

55

TRANSDUCER /53

BLOCK

BLOCK

FUNCTION
BLOCK

/-50

———

VIEW |

60

LISTS

LINK | 58
OBJECTS}

ALERT
OBJECTS

FUNCTION
BLOCK

59
L/

RESOURCE| 48
BLOCK }

/51

—]

TRANSDUCER

BLOCK

Ve

VIEW

LISTS

/60

LINK 58
OBJECTSV/

OBJECTS

ALERT

L/

59 [RESOURCE] 48
sLock

FUNCTION

/%2

BLOCK

TREND
OBJECT

/-57

—_

VIEW

LISTS

FIG. 2

27



EP 1 022 626 A2

€ 9Old

4
™~
X gg/| HLAX
2d001-{29) v oL
1d007 - (99) IV N\
oz/| HLWX
LOL-HLWX —ANTVA-SOd
pz/| INTVA-SOd [
™
¢ d001 - (59) Qid we
Z d001-(69) S8
1400 - (¥9) Qld e~
LdOOT - {€9) OV
LOL-IATVA-SOd
24001 - (89) aid
_8\ 390148
39014d eye .
_ N
g1/| 1SOH v& U1INOD |, /] ¥HUNOD [0, /] O7d 2,/ 1SOH

!

ol

28



EP 1 022 626 A2

LOOP1
POS-VALVE-101
POSITION FEEDBACK
XMTR-101 l
PROCESS
MEASUREMENT
Al oo LCONTROLL
p |1 1Y
66 64 63
‘20 '-.‘
\16
FIG. 4
84 85 B8 89
J J J _4
PID
LOOP1
Al
LOOP2
AQ
LOOP1
SS
‘ LOOQP2 81
PID —~ . 88
LOOP3
ASYN
COM. } { | { | i |
U~
TIME

FIG. 5

29



16

34b

117

EP 1 022 626 A2

116

114

Olo

109

FIG. 6

00 06)
102
120
18
L : —_a,_Pneumotic
- — ¥ T — . Source
g o130
104
2 [_._—122
- - = ~— |
et Ty 124
= =—*106
™ — — —



EP 1 022 626 A2

BUS
POWER =<t
142
140 | communicaTions P MEDIA Access
INTERFACE UNIT
. MICRO- RAM . ROM NVRAM
PROCESSOR
N N N
146 148 150
AID D/A
l .
SERIAL 1\52 154
DEBUG
PORT 156

FIG.

7

3



EP 1 022 626 A2

l |

RECEIVE TEST
REQUEST

v

PERFORM
REQUESTED TEST(S)

_/-204

:

STORE PARAMETRIC
RESULTS OF TEST(S)

!

TRANSMIT DATATO
REQUESTING DEVICE

FIG. 8



EP 1 022 626 A2

RECEIVE DIAGNOSTIC
COMMAND FROM
EXTERNAL SOURCE

302

¢

PERFORM DIAGNOSTIC
TEST ACCORDING TO
COMMAND

!

SET TEST
CONFIGURATION
ACCORDING TO
COMMAND

:

MEASURE PLURALITY
OF PARAMETERS FOR
SELECTED TEST
CONFIGURATION

|

STORE MULTIPLE
PARAMETER RESULTS

310

!

TRANSMIT DATA TO
COMMANDING DEVICE

MODIFY TEST
CONFIGURATION?




EP 1 022 626 A2

FIG. 10A

5%

Up/Down
Ramp

FIG. 10B

5%

Step

FIG. 10C



EP 1 022 626 A2

40\2
‘Output Feedback
Process f Control -
. Measursment Signal
A » PID o a0 |83
\
o ;4 Valve Feadback.
Y
Process Variable
02 .
Al DATA 404
Process Measuremeen'c.1 COLLECTION I
Process Measurement’ FUNCTION BLOCK
| _-404
Al
FIG. 11A
Output Feedback
Process § Control
Measurement Signal
Al o PD b J a0 |58
) N
66 | & 1'
406
DATA 408
el COLLECTION
FUNCTION BLOCK

FIG. 11B



500

EP 1 022 626 A2

TRANSMIT SETUP DATA
INITIALIZE TEST

!

CHANGE STATUS
(CAUSES UPPER BLOCK
TO CHANGE MODE)

:

—

PERFORM DIAGNOSTIC
INSTRUCTION

|

COLLECT DIAGNOSTIC
AND PROCESS DATA

/508

No

v

END DIAGNOSTIC

512

|

RESTORE STATUS
(CAUSES UPPER BLOCK
TO RESTORE MODE)

/514

FIG. 12



