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WO 97/36215
. 1.
DEVICE IN A PROCESS SYSTEM FOR
DETECTING EVENTS
BACKGROUND OF THE INVENTION
The present invention relates to devices which
5 couple to process control loops of the type used in
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industry. More specifically, the invention relates to
detection of events in a process control system by
monitoring process signals.

Process control loops are used in industry to
control operation of a process, such as an oil refinery.
A transmitter is typically part of the loop and is
located in the field to measure and transmit a process
variable such as pressure, flow or temperature, for
example, to control room equipment. A controller such
as a valve controller is also part of the process
control loop and controls position of a valve based upon
a control signal received over the control loop or
generated internally. Other controllers control
electric motors or solenoids for example. The control
room equipment is also part of the process control loop
such that an operator or computer in the control room is
capable of monitoring the process based upon process
variables received from transmitters in the field and
responsively controlling the process by sending control
signals to the appropriate control devices. Another
process device which may be part of a control loop is a
portable communicator which is capable of monitoring and
transmitting process signals on the process control
loop. Typically, these are used to configure devices
which form the loop.

It is desirable to detect the occurrence of an
event in the process control system. Typically, the
prior art has been limited to s simple detection

PCT/US97/03859



10

15

20

25

30

WO 97/36215 PCT/US97/03859

. o-2-

techniques. For example, process variable such as
pressure is monitored and an alarm is sounded or a
safety shutdown is initiated if the process variable
exceeds predefined limits. However, in order to
identify what event triggered the alarm, it is necessary
to use complex models which are difficult to implement
in a process environment where there is limited power
and resources for large computations.
SUMMARY OF THE INVENTION

A device in a process control system includes

an input which receives a process signal. The device
includes memory containing nominal parameter values and
rules. In one embodiment, a nominal parameter value
relates to trained value(s) of the process signal and
sensitivity parameter(s). Computing circuitry in the
device calculates statistical parameters of the process
signal and operates on the statistical parameters and
the stored nominal parameter values based upon the
stored rules. The computing circuitry provides an event
output related to an event in the process control system
based upon the evaluation of the rules. Output
circuitry provides an output in response to the event
output. In one embodiment, the statistical parameters
are selected from the group consisting of standard
deviation, mean, sample variance, range, root-mean-
square, and rate of change. In one embodiment the rules
are selected to detect events from the group consisting
of signal spike, signal drift, signal bias, signal
noise, signal stuck, signal hard over, cyclic signal,
erratic signal and non-linear signal.

The device of the present invention includes
any process device such as a transmitter, controller,

motor, sensor, valve, communicator, or control room

equipment.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a simplified diagram showing a
process control loop including a transmitter,
controller, hand-held communicator and control room.

Figure 2 1is a block diagram of a process
device in accordance with the present invention.

Figure 3 is a diagram showing application of
rules to calculated statistical parameters and
sensitivity parameters to provide a process event
output.

Figure 4 is a graph of a process signal output
versus time showing various types of events.

Figure 5 1s a block diagram showing an
inference engine operating on process events in
accordance with the present invention.

Figure 6 is a simplified block diagram of an
inference engine for use in the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Process variables are typically the primary

variables which are being controlled in a process. As
used herein, process variable means any variable which
describes the condition of the process such as, for
example, pressure, flow, temperature, product level, pH,
turbidity, vibration, position, motor current, any other
characteristic of the process, etc. Control signal
means any signal (other than a process variable) which
is used to control the process. For example, control
signal means a desired process variable value (i.e. a
setpoint) such as a desired temperature, pressure, flow,
product level, pH or turbidity, etc., which is adjusted
by a controller or used to control the process.
Additionally, a control signal means, calibration
values, alarms, alarm conditions, the signal which is

provided to a control element such as a valve position
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signal which is provided to a valve actuator, an energy
level which is provided to a heating element, a solenoid
on/off signal, etc., or any other signal which relates
to control of the process. A diagnostic signal as used
herein includes information related to operation of
devices and elements in the process control loop, but
does not include process variables or control signals.
For example, diagnostic signals include valve stemw
position, applied torque or force, actuator pressure,
pressure of a pressurized gas used to actuate a valve,
electrical voltage, current, power, resistance,
capacitance, inductance, device temperature, stiction,
friction, full on and off positions, travel, frequency,
amplitude, spectrum and spectral components, stiffness,
electric or wmagnetic field strength, duration,
intensity, motion, electric motor back emf, motor
current, loop related parameters (such as control loop
resistance, voltage, or current), or any other parameter
which may be detected or measured in the system.
Furthermore, process signal means any signal which is
related to the process or element in the process such
as, for example, a process variable, a control signal or
a diagnostic signal. Process devices include any device
which forms part of or couples to a process control loop
and is used in the control or monitoring of a process.

Figure 1 is a diagram showing an example of a
process control system 2 which includes process piping
4 which carries a process fluid and two wire process
control loop 6 carrying loop current I. A transmitter
8, controller 10, which couples to a final control
element in the loop such as an actuator, valve, a pump,
motor or solenoid, communicator 12, and control room 14
are all part of process control loop 6. It is

understood that loop 6 is shown in one configuration and
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any appropriate process control loop may be used such as
a 4-20 mA loop, 2, 3 or 4 wire loop, multi-drop loop and
a loop operating in accordance with the HART®, Fieldbus
or other digital or analog communication protocol. In
operation, transmitter 8 senses a process variable such
as flow using sensor 16 and transmits the sensed process
variable over loop 6. The process variable may be
received by controller/valve actuator 10, communicator
12 and/or control room equipment 14. Controller 10 is
shown coupled to valve 18 and is capable of controlling
the process by adjusting valve 18 thereby changing the
flow in pipe 4. Controller 10 receives a control input
over loop 6 from, for example, control room 14,
transmitter 8 or communicator 12 and responsively
adjusts valve 18. 1In another embodiment, controller 10
internally generates the control signal based upon
process signals received over loop 6. Communicator 12
may be the portable communicator shown in Figure 1 or
may be a permanently mounted process unit which monitors
the process and performs computations. Process devices
include, for example, transmitter 8 (such as a 3095
transmitter available from Rosemount Inc.), controller
10, communicator 12 and control room 14 shown in Figure
1. Another type of process device is a PC, programmable
logic unit (PLC) or other computer coupled to the loop
using appropriate I/O circuitry to allow monitoring,
managing, and/or transmitting on the loop.

Any of the process devices 8, 10, 12 or 14
shown in Figure 1 may include event monitoring circuitry
in accordance with the present invention. Figure 2 is
a block diagram of a process device 40 forming part of
loop 6. Device 40 is shown generically and may comprise
any process device such as transmitter 8, controller 10,
communicator 12 or control room equipment 14. Control
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room equipment 14 may comprise, for example, a DCS
system implemented with a PLC and controller 10 may also
comprise a "smart" motor and pump. Process device 40
includes I/0 circuitry 42 coupled to loop 6 at terminals
44. I/0 circuitry has preselected input and output
impedance known in the art to facilitate appropriate
communication from and to device 40. Device 40 includes
microprocessor 46, coupled to I/0 circuitry 42, memory
48 coupled to microprocessor 46 and clock 50 coupled to
microprocessor 46. Microprocessor 46 receives a process
signal input 52. Block input is intended to signify
input of any process signal, and as explained above, the
process signal input may be a process variable, or a
control signal and may be received from loop 6 using I/0
circuitry 42 or may be generated internally within field
device 40. Field device 40 is shown with a sensor input
channel 54 and a control channel 56. Typically, a
transmitter such as transmitter B8 will exclusively
include sensor input channel 54 while a controller such
as controller 10 will exclusively include a control
channel 56. Other devices on loop 6 such as
communicator 12 and control room equipment 14 may not
include channels 54 and 56. It is understood that
device 40 may contain a plurality of channels to monitor
a plurality of process variables and/or control a
plurality of control elements as appropriate.

Sensor input channel 54 includes sensor 16,
sensing a process variable and providing a sensor output
to amplifier 58 which has an output which is digitized
py analog to digital converter 60. Channel 54 is
typically used in transmitters such as transmitter 8.
Compensation circuitry 62 compensates the digitized
signal and provides a digitized process variable signal

to microprocessor 46. In one embodiment, channel 54
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comprises a diagnostic  channel which receives a
diagnostic signal.

When process device 40 operates as a
controller such as controller 8, device 40 includes
control channel 56 having control element 18 such as a
valve, for example. Control element 18 is coupled to
microprocessor 46 through digital to analog converter
64, amplifier 66 and actuator 68. Digital to analog
converter 64 digitizes a command output from
microprocessor 46 which is amplified by amplifier 66.
Actuator 68 controls the control element 18 based upon
the output from amplifier 66. In one embodiment,
actuator 68 is coupled directly to loop 6 and controls
& source of pressurized gas (not shown) to position
control element 18 in response to the current I flowing
through 1loop 6. In one embodiment, controller 10
includes control channel 56 to control a control element
and also includes sensor input channel 54 which provides
a diagnostic signal such as valve stem position, force,
torque, actuator pressure, pressure of a source of
pressurized air, etc.

In one embodiment, I/O circuitry 42 provides
a power output used to completely power other circuitry
in process device 40 using power received from loop 6.
Typically, field devices such as transmitter 8, or
controller 10 are powered off the loop 6 while
communicator 12 or control room 14 has a Sseparate power
source. As described above, process signal input 52
provides a process signal to microprocessor 46. The
pProcess signal may be a process variable from sensor 16,
the control output provided to control element 18, a
diagnostic signal sensed by sensor 16, or a control

signal, process variable or diagnostic signal received
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over loop 6, Oor a procesé signal received or generated
by some other means such as another I/0 channel.

A user I/O circuit 76 is also connected to
microprocessor 46 and provides communication between
device 40 and a user. Typically, user I/0 circuit 76
includes a display and audio for output and a keypad for
input. Typically, communicator 12 and control room 14
includes I/0 circuit 76 which allows a user to monitor
and input process signals such as process variables,
control signals (setpoints, calibration values, alarms,
alarm conditions, etc.) along with rules, sensitivity
parameters and trained values as described below. A
user may also use circuit 76 in communicator 12 oOr
control room 14 to send and receive such process signals
to transmitter 8 and controller 10 over loop 6.
Further, such circuitry could be directly implemented in
transmitter 8, controller 10 or any other process device
40.

Microprocessor 46 acts in accordance with
instructions stored in memory 48. Memory 48 also
contains trained values 78, rules 80 and sensitivity
parameters 82 in accordance with the present invention.
The combination of the sensitivity parameters 82 and the
trained values 78 provide a nominal value 79. Figure 3
is a block diagram 83 showing a logical implementation
of device 40. Logical block 84 receives process signals
and calculates statistical parameters for the process
signals. These statistical parameters include standard
deviation, mean, sample variance, root-mean-square
(RMS), range (AR) and rate of change (ROC) of the
process signal, for example. These are given by the

following equations:

PCT/US97/03859
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Eg. 3
5 ROC=x =21 Zi-1 Eq. 4
AR = Xy = Xyry Eq. 5

Where N is the total number of data points in the sample
period, x; and x;., are two consecutive values of the
process signal and T is the time interval between the
10 two values. Further, x4,y and xu, are the respective
maximum and minimum of the process signal over a
sampling or training time period. These statistical
parameters are calculated alone or in any combination.
It will be understood that the invention includes any
15 statistical parameter other than those explicitly set
forth which may be implemented to analyze a process
signal. The calculated statistical parameter is
received by rule calculation block 86 which operates in
accordance with rules 80 stored in memory 48. Rules

20 block 86 also receives trained values 78 from memory 48.
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Trained values are the nominal or (i.e., typical)
statistical parameter value for the process signal and
comprise the same statistical parameters (standard
deviation, mean, sample variance, root-mean-square
(RMS), range and rate of change, etc.) used in logical
block 84. In one embodiment, the trained values are
provided by the manufacturer and stored in memory 48 of
transmitter 40 during manufacture. In another
embodiment, the trained values are periodically updated
by addressing device 40 over loop 6. In still another
embodiment, input circuitry 76 may generate or receive
the trained values or be used to transmit the trained
values to another process device over loop 6. In yet
another embodiment, the trained values are generated by
statistical parameter logical block 84 which generates,
or learns, the nominal or normal statistical parameters
during normal operation of the process. These
statistical parameters are used to generate the trained
values 78 in memory 48 for future use. This allows
dynamic adjustment of trained values 78 for each
specific loop and operating condition. In this
embodiment, statistical parameters 84 are monitored for
a user selectable period of time based upon the process
dynamic response time.

Rules block 86 receives sensitivity parameters
82 from memory 48. Rules logical block 86 provides
examples of a number of different rules. Each
sensitivity parameter value 82 provides an acceptable
range or relationship as determined by the appropriate
rule between the calculated statistical parameters 84
and the appropriate trained values 78. The sensitivity
parameter values 82 may be set by the manufacturer,
received over loop 6 or input using input circuitry 76.

The sensitivity parameters are adjusted for the specific
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application. For example, in process control
applications where high accuracy is required, the
sensitivity parameters are set so as to allow only small
variations of the process signals relative to the
trained values. The use of sensitivity parameters allow
the diagnostic and event detection decision making to be
controlled based upon the particular process and the
requirements of the user.

Figure 4 is an example of a process signal
versus time which shows different process events (e.g.
normal, bias, drift, noise, spike and stuck) which are
detected using the present invention. The process
signal shown in Figure 4 is initially in a normal state
and then moves to a bias condition. Next, the process
signal goes through a drift condition followed by a
noisy signal condition. Finally, a series of spike
events occur in the process signal followed by a stuck
condition. The rules used to detect these events are

described below.

Drift
Drift occurs when a process signal changes
over time from its true (i.e. nominal) value. One

embodiment of the invention includes a rule which
operates on a statistical parameter mean (u), the
trained parameter mean (u’) and a tuning parameter alpha
(¢) to detect drift.

Drift sensitivity is controlled by a single
sensitivity parameter, alpha (a). Alpha (a) represents
a percentage above or below the normal mean signal level
that is tolerable before a drift or event is detected.
The following rule performed by rule calculation block
86 detects a drift event:

PCT/US97/03859



10

15

20

25

30

WO 97/36215

) . =12-

if u < u' (1-a) then a negative drift event

if pu > p’ (l+a) then a positive drift event,

where p is the current mean of the process signal from
84, pu’ is the trained mean from 78 and « is the
sensitivity parameter from 82 which defines the
acceptable variations from the mean. Additionally, the
mean is monitored over time. A drift event is only
detected if, over a series of consecutive sampling
period, the mean is moving away from the trained value.
The trained mean (u’) may be learned by training device

40 during normal operation of the process.

Bias

Bias is the result of a temporary drift
ngtabilizing" at a certain level above or below the
expected signal level. Once the drift stops, the
resulting signal has a bias, sometimes called an offset
from the true/nominal value. A bias is detected using
the same rule used for drift. Additionally, the mean is
monitored over time. If the mean is not continuing to
move away from the trained mean (p'), then it is

determined that the event is bias, not drift.

Noise
A different combination of a rule, tuning
parameters and trained values detect noise in the

process signal. Noise detection sensitivity is adjusted

by adjusting the sensitivity parameter beta (B). Beta
(B) is the amount the current standard deviation (¢) can
be above the trained standard deviation (o0’) before
detection of a noise event. For example, if the user

desires to detect a noise event when the process signal

is twice as noisy as the trained value, B should be sent
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to 2.0. Range (AR) 1s also used by the rule to
differentiate noise from normal signal variations. An

example rule for noise detection is:

if ¢ > Bo’ and
if AR > AR’ then noise detected.

Where ¢ and o' are the current and trained standard
deviation AR and AR’ are the current and trained range,

respectively, and f is the noise sensitivity parameter.

Stuck
Yet another combination of a rule, statistical

value, tuning parameters and trained values detect a
stuck condition in a process signal. A "stuck" process
signal is one which a condition of the process signal
does not vary with time. Stuck sensitivity is
controlled by adjusting the sensitivity parameter 82
gamma (y). A value for gamma (y) is expressed as a
percentage of the trained standard deviation (¢') and
represents how small a change in standard deviation from
the trained value triggers detection of a stuck event.
For example, if a user wishes to detect a stuck
condition when the process signal noise level is half of
the trained value, y should be set equal to 50 percent
(0.5). Further, range of the signal (AR) can be used to
eliminate errors that arise with small signals. One

example rule is:

If (0 + AR} s y(¢’ + AR’') then a stuck event

is detected.
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Spike
A different combination of a rule, a
statistical value, trained value and sensitivity
parameter is used to detect a spike event. A spike

event occurs when the signal momentarily goes to an
extreme value. Sensitivity to spikes in the process
signal 1is controlled by adjusting a sensitivity
parameter from & stored in 82. d is the acceptable
trained maximum rate of change (AP,,,) between two
consecutive data points. For example, 1if the user
wishes to detect any spikes that have a rate of change
(ROC) from block 84 that is 30% greater than Ar,,, from
block 78 relative to the trained value, 6 from 82 should

be set to 1.30. An example rule is:

if ROC > ©6-O0Iym then a spike event is

detected

Oother rules include a cyclic rule to detect
cyclical oscillations in the process signal and an
erratic rule to detect erratic behavior in the process
signal. It should be understood that other rules may be
implemented to observe other events in the process
signal and may use different formulas or computational
techniques to detect and event. A rule may operate on
more than one statistical parameter or on more than one
process signal. For example, if a process variable such
as flow rate exceeds a predetermined limit while another
process variable such as process temperature spikes, a
rule could determine that the process is overheating and
an emergency shut down condition could exist.
Furthermore, another type of rule is implemented in

fuzzy logic in which the statistical parameter 1is
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operated on by a sensitivity parameter which is a
membership function applied to the trained values.

All of the rules discussed herein provide a
process event output based upon the operation of the
rule. It should be understood that the process event
output may have a plurality of discrete or continuous
values based upon operation of the rule. Note that the
combination of the sensitivity parameter and the trained
value provides a nominal parameter value and that the
rule operates on the nominal parameter value and the
statistical parameter. The various process signals,
parameters and trained values can be combined using
weighted averages or appropriate fuzzy logic.
Membership functions include, for example, trapezoidal
and triangular functions. For example, the statistical
parameter can be mapped onto the chosen wmembership
function. These are then used during training to
generate the trained values, and to generate the
statistical parameters for use by the rules.

In one embodiment, the trained values are
obtained by determining that the process is stable, and
generating the statistical parameters for a selectable
period of time. These are stored as the trained values.
The selectable period of time should be about the same
as sampling period or block used to generate the
statistical parameters during operation. This process
may be user initiated or automated.

The output of a rule can be transmitted over
loop 6, output on user I/0 circuit 76, stored for future
use, used as an input to another computation such as
another rule or a control function, or used in any
appropriate manner. In another embodiment, the present
invention monitors related process signals and performs

comparisons and correlations between these signals. For
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example, in Figure 2 procéss signals such as the output
of A/D converter 60, compensation circuit 62, and
current I through loop 6 can be analyzed in accordance
with Figure 3. For example, the plurality of process
signals should all be within a desired tolerance between
one another as set forth by the appropriate combinatiocn
of sensitivity parameters, rules, and trained values.
Figure 5 is a block diagram 100 showing
inference engine 102. Inference engine 102 resides in
process device 40, is part of loop 6, and receives
process variables 104, control signals 106 and process
events 108. Process events are detected in accordance
with the present invention. Inference engine 102
includes computation circuitry 110 and process data 112.
Process data 112 may comprise, for example, process
history information such as logged process variables,
control signals, process events or other process signals
and may contain process specific information which
further defines the process being monitored. Upon the
occurrence of a process event, the inference engine 102
determines which component in the various process
devices is faulty. Computation circuitry 110 analyzes
process variables 104, control signals 106, process
events 108 and other process signals to determine the
cause of the process event. Computation circuitry
operates in accordance with a series of rules such as
those used in the known technique of an expert system.
Computation circuitry 110 operates on all of the inputs
including process data 112 and provides a faulty element
output such as a warning signal. For example, if a
drift event is detected, inference engine 102 operates
to determine the cause of the drifts. For example, the
drift may be due to a control setpoint which was changed

in which case computation circuitry 110 determines that
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the control loop is operatﬁng properly. However, if the
setpoint was not changed, the inference engine further
analyzes the various inputs and, for example, checks the
integrity of the device reporting a process event, such
as a valve motor, pump, vibration equipment, etc., by
running appropriate diagnostics. If the wvalve, for
example, indicates that the valve is operating properly,
the inference engine may then perform transmitter
diagnostics to determine if a transmitter and associated
sensors are opersating properly. These diagnostics may
observe information from the specific element being
reviewed and may also observe information being received
from other sources on the control loop such as upstream
or downstream sensors, etc. Computation Circuitry 110
uses any appropriate computational technique such a
series of rules, fuzzy logic or neural networks. 1In a
preferred embodiment, inference engine is implemented in
a microprocessor and memory and may be located in a
control room, at some remote location or in the field
itself. Inference engine 102 may be implemented in any
of the process devices 8, 10, 12 or 14 shown in Figure
1. The faulty element output can be provided to an
operator or can be used by additional computational
circuitry which performs further diagnostics on the
loop.

Figure 6 shows a block diagram 200 of a
simplified, example inference engine such as engine 102
operating in accordance with a rule base. Upon the
occurrence of a process event, at block 202 the
inference engine 102 examines the process event to
identify the specific event which was detected. If the
event was a drift event, control moves on to block 204.
If the event was some other event such as spike, noise

or bias, control moves to a rule base constructed in
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accordance with the specific event which was detected.
At block 204, the inference engine checks to see if the
setpoint of the process was recently changed. If the
setpoint was recently changed, an output is provided
which indicates that the process is operating within its
normal range and that the drift which was detected was
due to the change in setpoint. However, if the setpoint
was not changed, the inference engine moves on to block
206 to run further diagnostics. At block 206, the
inference engine instructs process device 40 to run on
board diagnostics to further determine the cause of the
drift. At block 208, if the diagnostics run by device
40 identify the cause of the drift, the inference engine
provides an output identifying a faulty component.
However, if the diagnostics indicate that device 40 is
operating properly, inference engine instructs related
devices to run diagnostics at block 210. For example,
related devices may be upstream oOr downstream,
controllers or transmitters. At Dblock 212, the
inference engine determines if one of the related
process devices is the faulty device. If the fault
which caused the drift is one of the related devices,
the inference engine provides an output identifying the
device and faulty component. If none of the related
devices are in error, the inference engine observes
other process signals at block 214 in an attempt to
identify known process conditions at block 216. If the
cause of the drift is due to a known process condition,
for example, a fluid pressure drop caused by the f£illing
of a reserve tank with process fluid. If the process
condition is known, the specific condition is
identified. If the process condition is not known, the
operator is informed that a drift event has been

detected whose cause cannot be identified. At any point
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in the flow chart 200, Eased upon any of the various
rules, the inference engine may initiate a shutdown
procedure to shut down the process. As discussed above,
actual inference engines will contain a much more
sophisticated rule base and/or will employ more
sophisticated forms of logic such as fuzzy logic and
neural networks, specific to each process control
application.

Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the spirit and scope of the invention. For example, all
of the various functions and circuitry described herein
can be implemented in any appropriate circuitry
including software, ASICs, fuzzy logic techniques, or
even analog implementations. Further, the process
device may include any number or combination of input
and control channels and may operate on any number of
process signals, alone or in their combination, and the

rules may operate accordingly.
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WHAT IS CLAIMED IS:

1. A process device coupled to a process control

loop, comprising:
a process signal input means for providing a
process signal related to a process;
memory containing a nominal parameter value
and a rule;
computing circuitry calculating a statistical
parameter of the digitized process
variable and operating on the
statistical parameter and the nominal
parameter value based upon the rule and
providing an event output in response to
an event in the process detected based
upon the operation; and
output circuitry outputting the event output.
2. The apparatus of claim 1 wherein the nominal
parameter value comprises a trained value and a
sensitivity parameter.
3. The apparatus of claim 1 wherein the process
control loop is selected from the group consisting of
two wire process control loops, three wire process
control loops and four wire process control loops.
4. The apparatus of claim 1 wherein the device is
completely powered with power received from the process
control loop.
5. The apparatus of claim 1 wherein the
statistical parameter is selected from the group
consisting of standard deviation, mean, sample variance,
root -mean-square (RMS), range, and rate of change.
6. The apparatus of claim 1 wherein the computing
circuitry provides the event output based upon a

plurality of statistical parameters.
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7. The apparatus of claim 1 wherein the rule is
selected from the group consisting of spike, drift,
bias, noise and stuck.
8. The apparatus of claim 1 wherein the computing
circuitry comprises fuzzy logic and the rule employs a
membership function.
9. The apparatus of claim 8 including a fuzzy
membership function stored in the memory and wherein
computation circuitry applies the membership function to
the statistical parameter prior to operation of the
rule.
10. The apparatus of claim 1 wherein the process
signal input means comprises a sensor input channel and
the process signal comprises a process variable.
11. The apparatus of claim 10 wherein the sensor
input channel includes:
a sensor providing a sensor output related to
the process; and
an analog to digital converter which converts
the sensor output into a digitized
process variable.
12. The apparatus of claim 11 wherein the sensor
is selected from the group consisting of pressure,
temperature, pH, flow, turbidity, level sensors,
position, conductivity, motor current, motor back emf
and vibration.
13. The apparatus of claim 1 wherein the process
signal input means comprises a control channel and the
process signal comprises a control signal.
14. The apparatus of claim 13 wherein the control
channel includes:
a control element for controlling the

process; and
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an actuator for actuating the control
element.

15. The apparatus of claim 1 wherein the process
signal input means comprises input circuitry coupled to
the control loop to receive the process signal from the
process control loop.
16. The apparatus of claim 1 wherein the output
circuitry couples to the process control loop and
transmits the event output on the process control loop.
17. The apparatus of claim 1 wherein the output
circuitry comprises user output circuitry for outputting
the event output to a user.
18. The apparatus of claim 1 wherein process
signal input means comprises a diagnostic channel and
the process signal comprises a diagnostic signal related
to a control element used to control the process.
19. The apparatus of claim 18 wherein the
diagnostic signal is selected from the group consisting
of valve stem position, force, and pressure.
20. The apparatus of claim 14 wherein the actuator
comprises a motor and the control element comprises a
pump operated by the motor.
21. The apparatus of claim 1 including an
inference engine coupled to the event output for
performing diagnostics on the process control loop.
22. The apparatus of claim 2 wherein the computing
circuitry monitors the statistical parameter during
normal operation of the process control loop and thereby
generates the trained value.
23. A transmitter 1in a process control loop,
comprising:

a sensor sensing a process variable;
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an analog to digital converter coupled to the
sensor having a digitized process
variable output;
a memory containing a nominal parameter value
and a rule;
computation circuitry coupled to the memory
and the analog to digital converter, the
computation circuitry calculating a
statistical parameter of the digitized
processed variable, operating on the
statistical parameter based upon the
rule and the nominal parameter and
responsively providing a process event
output; and
output circuitry coupled to the process
control 1loop outputting the process
event output onto the loop.
24 . The transmitter of claim 23 wherein the
nominal parameter value comprises a trained value and a
sensitivity parameter.
25. The transmitter of claim 23 wherein the device
is completely powered with power received from the
process control loop.
26. The transmitter of claim 23 wherein the rule
is selected from the group consisting of signal spike,
signal drift, signal bias, signal noise and signal
stuck.
27. The transmitter of claim 23 wherein the sensor
is selected from the group consisting of pressure, pH,
flow, turbidity and level sensors.
28. The transmitter of «claim 23 including
compensation circuitry coupled to the analog to digital
converter for compensating the digitized process

variable.
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29. The transmitter of claim 24 wherein the
computing circuitry monitors the statistical parameter
during normal operation of the process control loop and
thereby generates the trained value.
30. A method performed in a process device for
detecting a process event in a process control system,
comprising:
obtaining a process signal related to a
process;
retrieving a rule from a memory;
retrieving a nominal parameter from the
memory;
calculating a statistical parameter of the
process signal;
comparing statistical parameter to the
nominal value 1in accordance with a
relationship defined by the rule; and
responsively providing a process event output
based upon the step of comparing.
31. The method of claim 30 wherein the nominal
parameter value comprises a trained value and a
sensitivity parameter.
32. The method of claim 30 wherein the process
signal comprises a process variable.
33. The method of claim 30 wherein the process
signal comprises a control signal.
34. The method of claim 30 wherein the process
signal comprises a diagnostic signal.
35. The method of claim 31 including calculating
a statistical parameter of the process variable during
normal operation and storing the statistical parameter

in memory as the trained value.
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36. The method of claim 30 wherein the rules are
selected from the group consisting of spike, drift,
bias, noise and stuck.

37. The method of claim 30 wherein the statistical
parameter is selected from the group consisting of
standard deviation, mean, sample variance, root-mean-
square (RMS), range, and rate of change.

38. The method of claim 30 wherein the step of

comparing includes performing a fuzzy logic operation.
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