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DETECTI NG EVENTS BACKGROUND OF THE | NVENTI ON

The present invention relates to devices which 5 couple to process control
| oops of the type used in i ndustry. More specifically, the invention
relates to wie7s62150n of events in a process control systeRCHYSI703859
nonitoring process signals. Process control |oops are used

in industry to 10 control operation of a prgcess, such as an oil refinery.

DEVICE IN A PROCESS SYSTEM FOR

DETECTING EVENTS

BACKGROUND OF THE I TI

The present invention relates to devices which
5 couple to process control loops of the type used in
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
10 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
exampie, to control room equipment. A controller such
15 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
20 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
25 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

30 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 a simple detection



Atransmtter is typically part of the loop and is | ocated in the
field to neasure and transmt a process vari abl e such as pressure,
flow or tenperature, for exanple, to control room equi pment. A
controller such 15 as a valve controller is also part of the process
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and resources for large computations.
SUMMARY OF THE INVENTION
10 _ 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
15 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
20 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
25 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,
30 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 zroom

equipment.
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-2- t echni ques. For exanpl e, process variable such as pressure
is monitored and an alarmis sounded or a safety shutdown is initiated
if the process variable exceeds predefined limts. However, in
order to 5 i skysWwhat event triggered the alarm it is neggrRiissse
to use conplex nodels which are difficult to inplenent I n a process
envi ronment where there is limted power and resources for |arge
conput ati ons. SUMVARY Of _THE | NVENTI ON

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.
5 Figure 2 is 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
10 output.
Figure 4 is a graph of a process signal output
versus time showing various types of events.
Figure 5 1is a block diagram showing an
'inference engine operating on process events in
15 accordance with the present invention.
Figure 6 is a simplified block diagram of an
inference engine for use in the present invention.
T. IPTION OF PREFERRED EMBOD S
Process variables are typically the primary
20 variables which are being contrclled 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
28 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, fldw,
30 product level, pH or turbidity, etc., which is adjusted
by a controller or used to control the process.
Additionally, a control signal means, calibration
valueg, alarms, alarm conditions, the signal which is

i provided to a control element such as a valve position



10 A device in a process control systemincl udes an i nput
whi ch receives a process signal. The device I ncl udes nenory contai ni ng
nom nal paraneter val ues and rules. 1In one enbodi nent, a nom nal
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For example, diagnostic signals include valve stem:
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 magnetic 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 £inal control
element in the loop such as an actuator, valve, a pump,
motor or solencid, communicator 12, and control room 14
are all part of process control 1loop 6. It is
understood that loop 6 is shown in one configuration and
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not or, sensor, valve, conmmunicator, or control room equi prent .
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- 3- BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure
1is asinplified diagram show ng a process control | oop

including a trae9¥hiis! . controller, hand-held comuni capSfmasiasse
control room 5 Figure 2 is a block diagram of a process

device in accordance with the present invention. Figure 3 is
a di agram showi ng application of - a5

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. 1In

5 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

10 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 zroom 14,

transmitter 8 or communicator 12 and responsively

15 adjusts valve 18. In another embodiment, controller 10

in'cei'nally 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

20 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

25 logic unit (PLC) or other computer coupled to the loop

using appropriate I/0 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

30 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



rules to calculated statistical paraneters and sensitivity

paraneters to provide a process event 10 output. Figure 4
is a graph of a process signal output versus time showi ng vari ous
types of events. Figure 5 is a block diagram show ng an

I nf erence engi ing on process events in 15 accordanc

pr esent |nventF@%9ﬁﬁ&ﬁg Figure 6 is a sinplified blogfg%#ﬁaégﬁﬁcﬁ
an i nference engine for use in the present invention. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI_ MVENTS Process vari abl es

are typically the primary 20 vari abl es V\:h?Ch are being controlled in a
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which is adjustegdommunication 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

10 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 1/0

15 circuitry 42 or may be generated internally within field

device 40. Field device 40 is shown with a sensoxr input

channel 5S4 and a control channel 56. Typically, a

transmitter such as transmitter 8 will exclusively

include sensor input channel 54 while a controller such

20 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

25 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 amplifiexr 58 which has an output which is digitized

30 Dby 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



by a controller or used to control the process. Addi tionally, a control

signal neans, calibration val ues, alarnms, alarmconditions, the signal
which is provided to a control elenent such as a val ve position
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- 4- Si gnalwalg'éﬁgl' s provided to a valve actuator, an ener ‘o’
| evel which is prov? edAtO a heating elenent, a solenoid olﬂ:ly%? 103859
signal, etc., or any other signal which relates to control of the

process. A diagnostic signal as used 5 begrein includes information

related to operation of
comprises a diagnostic  channel which receives a

diagnostic signal.
When process device 40 operates as a
controller such as controller 8, device 40 includes
. 5 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
10 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
a source of pressurized gas {not shown) to position
is control element 18 in response to the current I flowing
through loop 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,
20 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.
25 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 separate power
source. As described above, process signal input 52
provides a process signal to microprocessor 46. The
30 process 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



devices and elenents in the process control |oop, but does not i nclude
process variables or control signals. For exanpl e, diagnostic signals
i ncl ude val ve stem position, applied torque or force, actuator
pressure, 10 pressure of a pressurized gas used to actuate a val ve,

el ectrical vol L@d@sesCurrent, power, resi stance, QE'F'Q%.%%
I nduct ance, device tenperature, stiction, friction, full gqesr

positions, travel, frequency, anplitude, spectrum and spectral
conmponents, stiffness, 15 electric or Eﬂagnet ic field strength,

durati on, intensity, notion, electric-notor back enf, notor

current, |oop rel aget ger.s (m RO

vol t age, or current B%&)aﬁe g% aLer par aérgrée eg?ltal lrev\/ﬁ%ﬁd 2y %&%ﬁ% ec ed or
measured in the BYsiEaMe 9 éherm?%%rm% aspra6‘<?€§§rsf‘éﬂa1: % any si gnal
which is rel ated to theuseecaye arireudnems ik tdisopramess-tedito

as, for exanple, I gl ﬁglqp,;-r s/ ostic
signal. Process devi cgsglaﬁgﬁageﬁgn%nf ce 1dls % I'C %(r)artr%gnpa@ﬁm%qg
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4 which carries an%[%ceszyﬁﬁg%%% dgﬁnﬁ{nl%ra\ga%r (l%zegm1 P P
includes I/0 circuit 76 which allows a user to monitor

and input process signals such as process wvariables,
10 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 or
control room 14 to send and receive such process signals
15 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
20 instructions stored in memory 48. Memory 48 also
contains trained values 78, rules B0 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
25 is a block diagram 8232 showing a logical implementation
of device 40. Logical block B4 receives process signals
and calculates statistical parameters for the process
signals. These statistical parameters include standard
deviation, mean, sample variance, root-mean-sguare
30 {RMS), range (AR) and rate of change (ROC) of the
process signal, for example. These are given by the
following equations:



control loop 6 carrying loop current I. Atransmtter 30 8, controller

10, which couples to a final control el enment in the |oop such as an
actuator, valve, a punp, not or or sol enoid, comunicator 12, and
control room 14 are all part of process control |oop 6. It is
under st ood t hat “Qﬁg kS shown in one configuration and Mishso
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Where N is the total number of data points in the sample
peried, x; and x;, are two consecutive values of the
process signal and T is the time interval between the
10 two values. Further, Xy and Xy are the resgpective
maximum and minimum of the process signal over a
sampling or training time pericd. 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.



or other digital or anal og communication protocol. In 5 operation,

transmtter 8 senses a process variable such as flow using sensor 16
and transmts the sensed process vari abl e over | oop 6. The process
vari abl e may be recei ved by controller/val ve actuator 10, conmuni cat or
12 and/ or contw"r %F] equi pnrent 14. Controller 10 is 10 shown coupl-ed to
valve 18 and is cagg e of controlling the process by ad s | ve
18 thereby changing the flowin pipe 4. Controller 10 receives a )
control input over loop 6 from for exanple, control room 14,

transmtter 8 or communicator 12 and r'esﬁ6H§iver 15 adj usts val ve 18.

I n anot her enbodinent, .cqont,raller 10 - ] nally generates_ the,control
si gnal based upolﬁralr_’édprvo yEE s?ﬁ%altgler e%%‘?%/rg%l O\l?Le'r Flo'op‘ ’6..%58_57%3% cat or
12 may be tatapbstierl panANatieraveiushEon the mregessiségnal andny be a

per manent |y noungegppiss exheiNehmehi fatiztilcals pdramdtdersdr qgesandand
perforns conput aéi ons, . Process devi] exa

transmtter 8 (s Eﬁl%%i%nfso%ean' sta?@?fgm Y?lé%&géve;?faggroer' ?S%U%lgggﬁSunt
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transmitter 40 during manufacture. In another

embodiment, the trained values are periodically updated

10 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

15 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
20 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.

25 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
30 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



managi ng, and/ or

transmtting on the | oop. Any of the

process devices 8, 10, 12 or 14 shown in Figure 1 may include event
nonitoring circuitry 30 i n accordance with the present invention. Figure
21is a bl ock diagram of a process device 40 form ng part of | oop
6. Device 40 is Qm%mggnerically and may conprise any pr geqfsefi@sisc e
such as transmtter 38, controller 10, communi cator 12 or control room
equi pnent 14. Contr ol WO 97/ 36215
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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) wvalue. One
embodiment of the invention includes a rule which
operates on a statistical parameter mean (u}, the
trained parameter mean (g’) and a tuning parameter alpha
(x) to detect drift.

Drift sensitivity is controlled by a single
sensitivity parameter, alpha (o). Alpha (o) 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:
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mean is mom.tored over t:Lme. 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.

Bia

o

Bias is the result of a temporary drift
"stabilizing” 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.

Noige

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 {(8). Beta
(8) is the amount the current standard deviation {(0) can
be above the trained standard deviation (o’}) 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, # should be sent

@&g va &atiényrf%hseﬂgqnéa%at Additidgd16§,42nTBy
|ty anne
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25 a plurality of process variables and/or control a plurality of

control elenents as appropriate. Sensor input channel 54

i ncl udes sensor 16, sensing a process variable and providing a sensor
out put to anplifier 58 which has an output which is digitized 30 by
anal og to digitajyooonsester 60. Channel 54 is typi cal | y mS96ksor/asse
transmtters such as transmtter 8. Conpensation circuitry 62
conpensates the digitized signal and provides a digitized process
vari abl e si gnal to m croprocessor 46..q3L.n one enbodi nent, channel 54
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-7- to 2.0. Range (AR) is also used by the rule to

differentiate noise from normal signal variations. An

example rule for noise detection is:

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

Where ¢ and ¢' are the current and trained standard
deviation AR and AR’ are the current and trained range,
10 ' respectively, and 8 is the noise sensitivity parameter.

Stuck
Yet another combination of a rule, statistical

value, tuning parameters and trained values detect a
15 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

20 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

25 the trained value, ¥ 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:

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



conprises a diagnostic channel which receives a di agnostic signal.
When process device 40 operates as a controll er such as
controller 8, device 40 includes 5 control channel 56 having control

el enent 18 such as a val ve, for exanple. Control elenent 18 is coupled
to m cropr 46 through digital to anal og converter

anplifier 66 angégz’?%g? or 68. Digital to anal og converterc'"{'ﬁ?q'il)3859
digitizes a commnd out put from 10 m croprocessor 46 which is
anplified by amplifier 66. Act uat or 6% controls the control elenment 18
based upon the output:- fromanplifier %, I n one enbodi nent,

actuator 68 is ccgﬁlrﬁi directly to loop 6 and controls a source of
pressuri zed gas (Nno shovvn)A to p05|t|on 15 _gontrol el ement 18 in response
to the current | flow ng difEsEERE o&ﬁ‘“ﬁ’mat}‘ﬁnone enfodiFiE, @
controller 10 statiimtlicdds cadueol clrained S5@alwe comd ol sensmifrﬂty

el ement and ;?Ax%f?nét'&‘i‘l ‘i@ﬁfsﬁi‘sﬁ)& Gopite Caae e5év$ﬁ50h F}:[O%%Pfé

a diagnostic signal_such as valve sfem posif or ce
actuator presdur €Venly RIGHEE J¥hep sEhie cgigpa m°BFE§§{|H5£e8°SFr Qtan
I n one enbodi rrentexthde@ecmaimet.ry Shginowiittys to spikes in the process

signal is <controlled by adjusting a 'sensitivity

parameter from &6 stored in 82. 6 is the acceptable
trained maximum rate of change (4P,.,) between two
10 consecutive data points. For example, if the user
wishes to detect any spikes that have a rate of change
(ROC) from block B4 that is 30% greater than ar,,, from
block 78 relative to the trained value, § from 82 should
be set to 1.30. An example rule is:
15
if ROC > &-8rpx then a spike event is
detected

Other rules include a cyclic rule to detect

20 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 cbserve other events in the process
signal and may use different formulas or computational

25 technigues to detect and event. A rule may operate on
more than one statistical parameter or on more than one
process signal. For example, 1f a process variable such

as flow rate exceeds a predetermined limit while another
process variable such as process temperature spikes, a

30 rule could determine that the process is overheating and
an emergency shut down condition could exist.
Purthermore, another type of rule is implemented in
fuzzy logic in which the statistical parameter is



a power output used to conpletely power other circuitry I n process
devi ce 40 using power received fromloop 6. 25 Typically, field devices
such as transmitter 8, or controller 10 are powered off the |oop 6
whi |l e comuni cator 12 or control room 14 has a separate power

source. As descriywgdns@agyve, process signal input 52 provi depcio N RS
signal to mcroprocessor 46. The 30 process signal may be a process

vari abl e from sensor 16, the control output provided to control el enment
18, a di agnostic signal sensed by sensor,¢l6, or a control si gnal
process variable or diagnostic signal received WO 97/ 36215

PCT/ US97/ 03859 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
5 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

10 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

15 and triangular functions. For example, the statistical
parameter can be mapped ontc the chosen membership
function. These are then used during training to
generate the trained values, and to generate the
statistical parameters for use by the rules.

20 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

25 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 1/0 circuit 76, stored for future

30 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



over | oop 6,

means such as anot her

al so connected to
5 device 40 and a user.

g; é gsout put and a keypad for I nput . Typk§glzﬁi -
an control room 14 includes /O circuit 3pso
allows a user to nonitor and i nput process signals such as process

di splay and au

conmmuni cat o

vari abl es,

al arm condi ti ons,
trai ned values a
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control

or a process signal received or generated by sone ot her
I / O channel . A user I/Ocircuit 76 is

m croprocessor 46 and provi des conmuni cati on between
Typically, user 1/Ocircuit 76 i ncl udes a

signals (setpointg, calibration values, alarns,

etc.) along with rules, i§énsitivity parameters and
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one another as set forth by the appropriate combination
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

76
%xgﬁﬁié %ﬂ ttﬁgu‘}‘rélo(z) rfsi%c?%s ;é}%mri‘%ys&l:ﬁoaé‘st Cly ‘SJ e 76 1n

and recelve SUC Focess



paranmeters 82 in accordance with the present invention. The

conbi nation of the sensitivity paraneters 82 and the

trai ned val ues 78

provi de a nom nal value 79. Figure 3 25 is a block diagram 83 showi ng a

| ogi cal inplenentation of device 40. Logical block 84 receives process
signal s andwpahgesist es statistical parameters for the procg&fysermssse
signals. These statistical paraneters include standard devi at 1 on,

mean, sanple variance, root-nean-square 30 (RVMB), range [err] and rate

of change (ROC) of the process_si gnal

by the fol | owi ng equati ons: Y70 97/ 36215

PCT/ US97/ 03859

10

15

20

25

30

the contrel loop is operat-ing 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 operating 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 circuitxry 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

for exanple. These are given



[err]

WO 97/36215 PCT/US97/03859
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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
5 which indicates that the process is operating within ite
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
10 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.
15 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 or downstream,

controllers or transmitters. At Dblock 212, the
20 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
25 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 £luid pressure drop caused by the f£illing
30 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



Wiere N is the total nunber of data points in the sanple period, x[err]

and x[err] are two consecutive val ues of the process signal and T is

the tinme interva
t he respective

sanpling or traiyékeiisme period. These statistical

between the 10 two values. Further, x[err] and x[err]
maxi mrum and m ni mum of the process signal over a

ar e

par anetpeiAsdigisse

cal cul ated al one or i n any conbination. It will be understood that the

i nvention includes any 15 statistical
set forth which may be inplenented to _ag,a_
cal cul ated statistical paraneter is rece&l ved by rul e cal cul ation bl ock

| yze a process si gnal .

par anmet er ot her than those explicitly

The

86 which operates jn thgcg?gpagﬁé?%iﬁéb[nggééﬂhﬁggwgﬂyiﬂ%”@ﬂ@ryaé§0u§M|eS

20 bl ock 86 al so recelves

10

15

20

raine ues 78 from nemory .
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.



Y\?O?w 36215Tr ai ned val ues are the nom nal or (|““Wﬂlﬂi'ﬂﬂﬂﬂﬂml

statistical paraneter value for the process si gn’al and ™ Scohprise the
sane statistical paraneters (standard devi ation, nmean, sanple

variance, root- yEpénsggare 5 (RVM5), range and rate of changggr&tg,”g used
i n | ogi cal bl ock 84. I n one enbodinent, the trained valu (SE7103859

provi ded by the manufacturer and stored in nmenory 48 of transmtter
40 during manufacture. In anot her enbodi nment, the trained
val ues are perlodlcally updat ed 10 by add?855|ng device 40 over | oop 6.

In still another WHAT IS CLAIMED IS

1. A process device coupled to a process control
i 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 ocutput in response to
an event in the process detected based
upon the operation; and
output circuitry outputting the event ocutput.
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 <c¢laim 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 c¢laim 1 wherein the computing
circuitry provides the event output based upon a
plurality of statistical parameters.
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enbodi ment, input circuitry 76 namy generate H“‘lﬁmﬁmﬂlwuu he trai ned
val ues or be used to transmt the trained her process

device over loop 6. In yet anot her enbodi nent , “tHe frained val ues are
generated by 15 statistical paraneter |ogical bl ock 84 whi ch generates,
or learns, the ngrgémka@" normal statistical parameters duptfs %gdgal
operation of the process. These statistical paraneters are used
to generate the trained values 78 in nenory 48 for future use. Thi s
allows 20 dynami c adjustnent of _traineqd.,values 78 for each
specific loop and operating conditi on. "“*7In this enbodi nment ,

statistical par amet.7er s 84 arg hé")ﬁbﬁé’z‘f@sé Q;f clalmalu‘ﬁ?éréf,{ gpﬁéaty.,ﬁ_eoqré od

of tinme based upon ‘t'he process nam c response tine. ?@
Rul es bl ock 86 rece&elestedndram e pﬁF‘é‘l’@t epRSisting 0% r SR ke dr it -
Rul es | ogi cal bl ocki%&,phoikdeand stuskanples of a nunber of di fferent

rul es. Each g.sensitivify aﬁ%[gqjg%hgr of W1Ug mB2 “{H‘eg.\él Qeéhgr%&&ﬁ%?_

range or relationshi’p as deteéerni he approprl at
the cal cul ated st atdigCudsrYpaPaREieRS fawzy Ogaﬁdailﬂet%%p‘?‘bkﬁ &ﬁ!@q&fsm%ed
val ues 78. The sensidmbérbliip fun@ei@weter val ues 82 namy be set by the

manuf acturer, g eceived gyer o L80Paf,0" of "BYLidShNInkRREIng! LCWia4 76
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, £low, 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

ThlS Sheet Has Been Replaced
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‘é’?/e?,gczagzltlw ty paraneters are adjusted for th&ﬁﬂH"mamHm””m VO

-11- appl i cation.

applications where hig
paraneters are

signals relative to t
paraneters all ow

be control | ed bas
requi renents of the us

15.
signa

For exanpl e, in processt contsol+*
h accuracy is required, the sensitivity
s to allowonly small variations of the process

5 trained values. The use of sensitiv
t he di agnostic and event detection decision making to -

ed upon the particular process and the
er. T -22-

an actuator for actuating the control
element. '

The apparatus of claim 1 wherein the process

1 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.
circu

The apparatus of claim 1 wherein the output
itry comprises user output circuitry for outputting

the event output to a user.

l8.

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 c¢laim 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

punp 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 wmonitors the statistical parameter during
normal operation of the process control loop and thereby

generates the trained value.

23.

A transmitter in a process control loop,

comprising:

a sensor sensing a process variable;

This Sheet Has Been Re epla
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Figure 4 is an exanple of a process signal 10 versus tine which shows

different process events (e.qg. 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 noves
to a bias condi tygeeysddext. the process 15 si gnal goes t hroughp@Erigsorioisse
condition followed by a noi sy signal condition. Finally, a series of
spi ke events occur in the process signal followed by a stuck
condition. The rules used to detect these eyents are descri bed bel ow.
20 Drift Drift occufs when a process signal changes

over time fromits true (i g ﬁﬂgghgaéa AiYi¥%1 cofPérter cRiPARY EBNERE! the

i nvention includes a rule whic operates on a statjstugﬂl garaneter
mean [err] , the trai ned pSERFEFer NAYVARY erd ] WRLE3Sthi nBERSPSfet er
al pha - [err] to detect driftvariable output; Drift sensitivity is

control led by asingle SROLLLVLLY. PAARPLCon 1B obBhectbrbariber 1)

represents 30 a percentage above”or be e norna an signal |evel
that-i's tolerable before a drift as8 avEREeis det ect ed.
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 loop 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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The followng rule performed by rule cal cul ati on bl ock
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-12- [err] <

drift event:

PCT/ US97/ 03859
[err]" (1-[err]) then a negative drift event i f [err] > [er

(1+[err]) then awpgkkiiye drift event,

mean of the process signal from 5 84, [err]" is the trained nean
is the sensitivity paraneter from 82 which defines t

78 and [err] .

ey

- . =24-

r]’

where [err] is thacpik “3

rom
he

29. The transmitte} 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 wvalue in 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 wvalue and a
sensitivity parameter.

32. The method of c¢laim 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.

This Sheet Has Been Replaced

I

|

THIS SHEET HAS BEEN
REPLACED




acceptabl e variations fromthe nean. Additionally, the

nonitored over tinme. A drift event is only det ect ed Hmﬂﬂﬂm“u”uur'“m
of consecutive sanpling 10 period, the mean is noving away*from'thd 3
trai ned val ue. The trained nean ([err]') may be | earned by training
devi ce 40 duyd pg3easy mal operation of the process. Biges, /03859
Bias is the result of a tenporary drift "stabilizing" at a certain

| evel above or bel ow the expected signal |evel. Once the drift
stops, the resulting si gnal has a bias, sonetines called an of fset
fromthe true/nonmnal value. A bias is det e&%d u5| ng 20 t he sane ruI e
used for drift. Ad |onaIIy t he , ored over ti

nmean i s not conti nﬂjl g to | IBe megﬁga J>Ef?](')ar?i"f e tr§|rﬁ %nr"&m? r"]‘rﬁ
then it is detFIfigras tfmmtﬁbeeﬁé’ﬁtlpl SopEAStingt ofr igmike, drifmoi se
A dif-ferent conbi nBigy Qloizer &ha, stusknNg paranmeters and trained

val ues detect noi se3.}_n t he

The method of claim 30 wherein the statistical
parameter is selected from the group consisting of
standard deviation, mean, sample variance, root-mean-
sguare (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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process signal. Noise detection sensi tivi t y is adj ust ed by adj usting
the sensitivity parameter beta ([err]). Beta 30 ([err]) is the anpunt the

current standard deviation (a) can be above the trained standard
deviation ([err]') before detection of a noise event. For exanple, if
t he user dewo £m631@ detect a noi se event when the process i’-b?iiﬁ&massb'
is twice as noisy as the trained value, [err] should be sent

WD 97/ 36215 PCT/ US97/ 03859

-13- to 2. 0. Range ([err]R. is al®6 used by the rule to

differentiate noise fromnormal signal variations. An




exanple rule for noise detection is: 5 if a >7[err] and

if [err]R>[err]R then noi se detected. Where a and a' are the
current and trained standard deviation [err]R and [err]R are the

. current and trained range, 10 respectively, and [err] is the noise

- sensitivity par aggnies St uck Yet anot herpEmuddhasess on
of a rule, statistical val ue, tuning paraneters and trai ned val ues
detect a 15 stuck condition in a process signal. A "stuck" process
signal is one which a condition of the proc@gé signal does not vary
with tine. Stuck sensitivity is controlled by adjusting the
sensitivity paranmeter 82 gamma ([err]). A value for gamma ([err]) is
expressed as a 20 percentage of the trained standard deviation ([err]') and
represents how small a change in standard devi ation from t he trahaed
val ue -triggers detection of a stuck event. .
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For exanple, if a user wshes to detect a stuck condi tion when the
process signal noise level is half of 25 the trained value, [err] should
be set equal to 50 percent (0.5). Further, range of the signal
([err]R can be used to elimnate errors that arise with snmall

si gnal s 0 975 mple rule is: 30 L f ([ er rgcTrudeniniss®)
[err] [err]([err‘r ‘i&err]F\’) then a stuck event S
det ect ed. WD 97/ 36215
PCT/ US97/ 03859 ) 3/6 _14-
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Spi ke A different conbination of a rule, a

statistical value, trained value and sensitivity paraneter is used to
detect a spi ke event. A spike 5 event occurs when the signal nonentarily
goes to an extrene value. Sensitivity to spikes in the process
signal is contweddesdsby adjusting a sensitivity par amﬁgm-
[err] stored in 82. [err] is the acceptable trai ned nmaxi
change ([err]) between two 10 consecutive data points. For exanple, if
t he user wi shes to detect any spikes t&4 have a rate of change
(ROC) fromblock 84 that is 30% greater than [err] from bl ock 78
relative to the trained value, [err] from'82 should be set to 1.30. An
exanple rule is: 15 if ROC > [err] then a spike event is
detect ed other rules include a cyclic rule to detect 20
cycli.cal oscillations in the process spgpal and an erratic rule to
detect erratic behavior in the procgés
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signal. It should be understood that other rules may be i npl enented to

observe other events in the process signal and may use different
formul as or computational 25 techniques to detect and event. A rule nmay
operate on nore than one statistical parameter or on nore than one
process signal. glos le, if a process variable such as pePVsSHIRAER
exceeds a predetermned limt while another process variabl e such as
process tenperature spikes, a 30 rule could_determ ne that the process is
over heating and an energency shut d .condition could exist.
Furthernore, another type of rule is inplenented in fuzzy logic in

whi ch the statistical paranmeter is ) WO 97/ 36215

PCT/ US97/ 03859
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- 15- operated on by a sensitivity paraneter which is a

menbership function applied to the trained val ues. Al |l of
the rul es di scussed herein provi de a process event output based upon
t he operation of the rule. It should be understood that the process
event out puly B¢ ?ve a plurality of discrete or continuoUperisor/ossso
val ues based upon opéraition of the rule. Note that the conbi nati on of
the sensitivity paranmeter and the trained val ue provides a nom nal
paranmeter value and that the 10 rule operatﬁ on the nom nal paraneter

val ue and the statistical parameter e various process signals,
paraneters and trai ned val ues can be conbi'ned using wei ghted averages
or appropriate fuzzy | ogi c. Menber ship functions include, for
exanpl e, trapezoidal 15 and triangular functions. For exanple, the
stati.sti cal par anmet Sp e ¢f t he chosen nmenbership
function. These are the g g tr I ng to generate the

trai ned val ues, and tgZg - , StSPMEA cal paraneters for use by
‘the rules. 20 i, MO t rai ned val ues are

BIAS?
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obt &i n’ed by determi ning that the process”mllﬂuﬂﬂmuuﬂfﬁlll WMCEMEND SHEET
statistical paraneters for a sel ectable ne. se are
stored as the trained val ues.
about the sane 25 as sanpling period apghl ock used to generate the
statistical paranmeters during operation. This process . may be user
Initiated or automated.
transmtted ovewHAaT Ilo@R.AGMERUIIRUt on user 1 /O circuit 76, stored for

as an 1nput to another coggétation such as <%Lnother

future 30 use,

rule or a contrdl functiof PEPCESEIFN15RyCOUP

use

The selectalie” pefi ot of tine should be

The output of a rule can be

pFBp? i RERCHBRRAEY

anot her enbodi mislop,t kenprdsdmig:i nvention nonitors rel ated process signals
conparlsons and correlations bq}meen t hese S|%pal For

and perforns -

3.

process signal Input providing Yocess
signal related to a process;’

memory contaihing a nominal parameter value
and a rule;

computing circuitry calculating a statistical
parameter of the digitized process
variable and operating on the
ctatistical 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.

The apparatus of claim 1, including:

a_sensor sensing a process variable:
an _analog to diqital converter coupléd to the

varlablg outgut whlch is _coupled to the

Brocess 31gga1 input; and
wherein the output circuitry is coupled to

the grocess‘control loop outputting the
process event output onto the loop.

The apparatus of claim 1 wherein the gominal

sens;tivitz parameter. *

La

The apparatus of claim 1 wherein the

statistical parameter 1is selected from the group
consisting of standard deviation, mean, sample variance,

root-mean-square (RMS), range, and rate of change.
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.Y\?é??/éGZEexarrp-l e, in Figure 2 process "uluululmmﬂm g28(5)8tq§8MCEMENTO§HEEI

Al D converter conpensation Circuit 627 dnd“ ™ turtYent | through | oop
6 can be anal yzed i n accordance wi ity Figure 3. For exanple, the
plurality of process 5 signals should all be within a desired tol erance
bet ween one another as set forth by the appropriate conbination

of sensitivity gar anetersTHeJIaqspamu:hsrafneﬂiaxmbues and 2 wherein thé&igure

5 1is a block diagram.100 | e | nf e

engi ne 102 resi %%I n]z"‘g Sé}fgg{éess G ct-!('aﬁ40§£]8’?Ip o #‘g?‘fsq:l og Org %ﬁgﬁg

recei ves pPlzddss \la-tasa.blrmaeoza,nd:cﬂtuqk si gnal s 106 and process

events 108. Progess event d r esent

i nventi on. I %#-er ence ezrglk?én%pg%g%%h% OEnc eisng%‘r%pet}tna%lh%nné%'?é

and -process dat gircpitry Joupm fug RRhr 18 R [ ST hoi .

process hi stRiberdfiBd Bt ieh as Iogged process variahl es,

control signal sm%s-w ot her process signals and may,

contai n processaspeci fic i APRELGFUshPENcLaim 2 wherein the sensor’is
selected from the group cons:.stlng of pressure,

temperature, pH, £flow, turbidity, level sensors,
position, conductivity, motor current, motor back emf
and vibration.
8, The apparatus of claim 1 wherein the process
signal input_gcomprises a control channel and the process
signal compr:l.ses a control signal. .
=?=-‘. The apparatus of claim 8 where:.n the control
channel includes:

a . control element for controlling the

process; and
an actuator for actuating the control
element.

10. The apparatus of claim 1 wherein the process
signal input comprises input circuitry coupled to the -
control loop to receive the process signal from the
process control loop. . '
al. The apparatus of claim 1 wherein process
signal input_ comprises a diagnostic channel and the
process signal comprises a 'diagnOStic signal related to
a control element used to control the process. .
2. The apparatus of claim 10 wherein the
‘diagnostic signal is selected from the group consisting
of valve stem position, force, and pressure.
a3. The apparatus of claim 1 including an
inference engine coupled to the event output €£for
performing diagnostics on the process control loop.
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fUrt her “defi nes the process being nnnit?ﬂ“""ﬂ
process event,’ the inference engine 102! &

t he vari ous process

devices is faulty.

IPRBLINREINE, o cHehReent sheer

nput ati‘on*circuitry 110

anal yzes process vari abl es 104,

108 and ot her process signals to determ ne the 25

event. Conmputation circuitry

contppl signals 106, process events
cause of the process

operates in accordance with a series of

rul es such as

si gnal . For eﬂQW§m@f

102 operates gdRe AL &5

drift may be due to a contro ; I
conput ation circitry 110 YeFethrhePaufprmed in a process device

l4those usEdeiappdatumwd ¢dahmi 3jheafeian tivepechpezsngm
Computation circ . .
process data lléggﬁéylé%giges]gkﬁgh

OEh@' lstpett 3%I:Jt‘tamsel}l:eﬁc

|ty el enmen

. | udi e
egg aggggagrning

agerption ¢ff thecprotess erneekdodmpadehberehyi ne

theigaESGatiet he drifts. For exanple, the.
setﬁoint %hi%h was changed in mh%ch case
or :

r@lﬁ‘f

detecting a process event in a process control system,
comprising:

obtaining a process signal related to a

a

This Sheet Has Been Re’i

A

II,ccd

process;

retrieving a rule from a memory;

retrieving a nominal parameter from the
memory;

calculating a statistical parameter of the
process signal;

to the

in accordance with a

comparing statistical parameter
nominal wvalue
relationship defined by the rule; and

responsively providing a process event output

based upon the step of comparing.
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-17- the coitrol loop is operating broperly. However,

set poi nt was not changed, the inference engine further anal yzes the
various inputs and, for exanple, checks th®- integrity of the device
reporting a process event, such 5 as a valve notor, punp, vibration

equi pnent, etc., by runni ng appropriate diagnostics. If the valve,
for exanpl e, indicates that_the valve is operatin erIy, t he
i nference engi ne may ¢ HOBVREEFor i thnERQEESS SYSTEMOFARS {6 determ ne

if atransmtter and associ ated A a ting properly. These
di agnostics may - observe inf éﬁéﬁ?iﬁﬁiﬁoﬁﬁgﬁgﬁégecific el enment bei ng
reviewed and nmay al so observeAggf@gﬁatéﬁwT@@i@gscﬁggﬁygd from-ot her
sources on the control |oop such as upst ownst r eam sensors,

h ea d
etc. Conputation circuitr® E&'@c?gsu?&é’l&ﬁy Qp‘b’r oﬁ??ﬁ%%sc&?pu"t aPFBRErS
t echni que such gontrol skobps (&) f ul The fprgedogdevicenewml netspvks. In a

process signals. A memory (48) in the process device
(40) contains a nominal parameter value (78) and a rule
(80). Computing circuitry (46) calculates a statistical
parameter of the process signal and operates on the
'statistical parameter and the stored nominal value (78)
based upon the stored rule (80) and responsively
provides an event output based upon the operation.
Output circuitry (42) provides an output in response to
the event output.
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sone renote location or i the Fietd 20" itéslf' | nf eréncé engi ne 102 may
be inmplenented in any of the process de¥lces 8, 10, 12 or 14 shown in
Figure - 1. The faulty el enent output can be provided to an

operator or can be used by additional conputational circuitry which
performs further diE@ﬁBéE{égiﬁﬂﬂﬂh5§25 | oop. Figure 6 shows a
bl ock di agram 200 of. a A Priockisadde excdcuplRide EONE PrRGHLE coreods

engi ne 102 ope | ng. | rdance with a rul e base. Upon t he
occurrence of a.pro:({:%B '3¥5%F5Q§§‘5|ock 202 the 30 inference engine 102

exani nes the process event td@ Procesfngsignak hinBpecPrevidingt awprereass

detected. If the event was asignbll extatedcedtd Ghrdamess, on to bl ock
204. [f the event was S QLNCT.GNGNL U 25 RRIKGT "Yelkistical”
cons ed in

bi as, control noves to a rul e bas I uc
_ parameter value of the process signal

and a rule;

computing circuitry calculating a statistical
parameter of the process signal and
cperating on the statistical parameter
and the nominal parameter value based

 upon the rule and responsively providing
a failure event output in response to an

"event in the proceans detected based upon
the operation; and
output circuitry outputting the failure event
output.
2. The apparatus of claim 1, including:
a sensor sensing a process variable;
an analog to digital converter coupled to the
sensor having a digitized process
variable output which is coupled to the
_process signal input; and '
wherein the output circuitry_isi. coupled to
the process control loop oui:putting the
process event output onto the loop.
3. The apparatus of claim 1 wherein the nominal
parameter value compriges a. trained value and a
sengitivity parameter.
4. 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.
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bl ock 204, the inference *engi nt checks *to see if the

set poi nt of the

process was recently changed. If the set poi nt was recently changed, an
outputgzis provided 5 which indicates that tfe process is operating within
Its normal range and that the drift which -was detected was due to

the change in setpojdy. Howev&he ppparetistigbhieiaims

1 yerd it wheresige dkhea he

i nference engi ne nDwRAeON s Gsdllertied fromWhe Cgraid febndiast it Sép e,
At bl ock 206, the 1Qy.;dunf ggchenﬁggéggné NdJdict s process device 40 to run
to farther det

on board di agnostics

erm ne the cause of the drift.

At block 208, if thédiagnost TBE IRRAIAFUSOF @laim 1 wheredn they corputiige
‘of the drift, the i diotriceyengmpeises fyxzywildedcaanduthet rullenémploys

faul'ty conponent. membership function.

7. The apparatus of claim 2 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.

8. The apparatus of claim 1 wherein the process

e

signal input comprises a control channel and the process

signal comprises a control signal.

P

S. The apparatus of claimig_wherein the control

chammel includes:

a control element for controlling the

process; and

an actuator for actuating the control

element.

10. The apparatus of claim 1 wherein the process

" signal input comprises input circuitry coupled to the

control loop to receive the process signal from the
process control loop. '

11. The apparatus of claim 1 wherein process
signal input comprises a diégnos'tic channel and the
process signal comprises a diagnostic signal related to
a control_elenient used to control the process.

12, The apparatus of claim'kig_ wherein the
diagnostic signal is selected from the group conaisting
of valve stem position, force, and pressure.

13. The apparatus of claim 1 including an

inference engine coupled to the event output for
performing diagnostics on the process control loop.
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s cvovsver, 11 the o s [YRNHIARRIINL <2, . REPIAGEMENT SHE

di agnostics at bl ock 210. For exanpl e, rel at ed devi ces may be upstream
or downstream controllers or transmtters. At block 212, the
20 inference engine determines if one of th&2related process devi ces
Is the faulty device. If the fault whi ch caused the drift is one of
the related devices14- the FhecapprratugPiclrinddebersin fhsucomputing

:j dentifying the "SIt XN bRl ok ceﬁeorsg;&tusthf:amorpaﬁmé&a r&hﬁixeji 25
evices are in error ne observe 0
signal s at bl ock 211“?‘}‘%@#%&%@3 O?nghe ﬁ’ﬁ%‘fiﬁﬁ% §%ﬁﬁ‘5®ﬂi %‘F 58’3 gﬁ Wlﬂ' ons
at block 216. |f theyeneratedsshef tragnedivalus. due to a known process
condi ti on, for exanple, aaf Inwtqhoar epm&méaoarpfwsgpo@dsé h&eﬂéélf&%
of a reserve tank \M—%iE qcess fluid k process St
known, the specifi %&hﬁgt RoRTOFEss __i.it:niﬁ" J'Inf % ﬁ’5°§r=889§gntr°
condition is not kncysterhe compragdngtor is informed that a drift event
has been det ect ed whose capeaifidhgota P@riciesk f begnall AdMatREd Nto a
process variable:;
retrieving a rule from a memory;
retrieving a nominal statistical parameter of
the process variable from the memory;
calculating a statistical parameter of the

_ process signal; .

' comparing statistical parameter to the
nominal value in accordance with a
relationship defined by the rule; and

responsively providing a process failure

' event output based upon the step of
comparing. '
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V\?ng 362.'15| n the flow cha”"'ll““'“ muu‘m ull o of the OWLACEM[\F SFEE

n any of the various
the inference engine may ini'tiate"a "shdt déwn procedure to shut domm

the process. As di scussed above, actual inference engines will contain
a much nore 5 sophisticated rule base anghor will enploy nore
sophi sticated forns of |ogic such as fuzzy | ogic and fneur al networks

specific to eash process 'm&ntaipﬁaratus appl ELainsNl and 2 wherein A:lHle'ugh’

the present in op_h al S rlbed Wi f nee L erred
enbodi nent s, %ﬁﬂMo erga% |?Fed%Fh ﬁ% ar?rouﬁ r§€§g§|§ %at eiﬁ:atrfges
may be made i n dwirfih arkiaket ardige tamditstiegarting from

6. The apparatus of claim 1 wherein the computing

circuitry comprises fuzzy logic and the rule employs a
- membership function.

7. The apparatus of claim 2 wherein the sensor is

selected from the grdup consisting of pressure,

temperature, pH, £low, turbidity, level sensors,

position, conductivity, motor current, motor back emf
and vibration.

8. The apparatus of claim 1 wherein the process

signal input comprises a control channel and the process
signal comprises a control signal.

S. The apparatus of claim 8 wherein the control
c¢hannel includes:

a control element for controlling the
process; and
an actuator for actuating the control

element.

10. The apparatus of claim 1 wherein the process

signal input comprises input circuitry coupled to the

control loop to receive the process signal frxrom the
process control loop.

11. The apparatus of claim 1 wherein process
signal input comprises a diagnostic channel and the
process signal comprises a diagnostic signal related to
a control element used to control the process.

12. The apparatus of claim 11 wherein the
diagnostic signal is selected from the groﬁp consisting

of valve stem position, force, and pressure.

13. The apparatus of claim 1 including an
inference engine coupled to the event output for
performing diagnostics on the process control lcop.
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t he, spl rit and scope of . the |nvent|on For exarrpl e, all. of the var| ous
functi ons and ci rcwtry descri bed herein 15 can be inpl &ln a
appropriate circuitry =~ . inel ud| ng soft¥re, ASICs ggﬁllg ,\j/T SHEET

techni ques, or even anal og i-npl enent ati ons. Further, _the process - .
devi ce may include any nunber or lelmllllwl lllll&ﬂll[ and cont rol = -
channel s -arid may operate on any nu; si.gnal s, al one or in.
t heir conbl nati on, and t he rul es "may operate accordl ngly. s B
-20 - o A cess g e &r control 1 oop, .-
conpri si ng . A process ev creo%oeg eﬁ\{?grpaﬁgesg élq Rﬁ’?%sn&r ocess -si gnal
rel at ed to.a pr OC%process sxgnal input prov:dmg a process sxgnal related to a process; __
- memory contammg a lramed parameter representatwe of statistical functton of an
- observed process srgnal and a rule;. _ _ S _
computmg cxrcum-y calculattng a current parameter representattve of a statlsttcal' _
| function of the process signal and operating on the current parameter and
the tramed parameter based: upon the rule to thereby recogmze a pattern in
'_ the process sxgnal assoc1ated with a fatlure -event ' and responswely
_ _ X provxdmg a faxlure event output in response to an event. m the process
U R . detected based upon the operation; and | '
' o o output cxrcmtry outputtmg the faxlure event output

| 2. _ The apparatus of clatm 1 wherem the memory futther contains a sensttwtty :
" parameter and the farlure event output ts formed or based upon the &mpmgﬂmeter '

| 3 o _' " Tbe apparatus of clatm 1 wherem the process control loop is selected from the

. _ :group consrstmg of two w1re process control loops, three wire precess control loops and four w1re : E
_ 'process control loops. ' ' ' '

- 4. R The apparatus of clmm \ wherem the dev1ce is completely powered w1tn power o
w - recerved from the process control loop

S | The apparatus of claim l wherem the statistical functron is selected from the group

cons:stmg of standard devratxon, mean, sample variance, root—mean—square (RMS), range, and rate
of change ' - '
- 6. - The apparatus of claim 1 wheretn the eomputmg c1rcu1try provrdes the t'atlure event

output based upon a plurahty of statlsttcal functtons _

This Sheet Has Been Re‘ila ' REPLACEMENT SHEET | THIS SHEET ‘HAS BEEN
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.conputing ci rcwtry ca LNgr a cur*ren? paraneter representative of a.
statistical - . . function of the process si gnal and

oper at on-the re ar ter d
pgr amel er based u‘t:)ljl? Tﬂ?@mlalf (&r@ hé’l’r}?ﬁ‘? r‘g‘?: Hdﬁ iy éel%F"if’afrPB’r ll’e 5§°up °°nS'Stlng

the proc&%%,k@ anga! b%%e%ﬁ‘%td&kt h a failure event and responsively
providing a failurée event out put.- |n response to an event ‘in the process:

det ect ed based upon the operation; and = - output circuitry S
outputtigpg the failure event arat us of ,cl.aim-
UL Pt LI, 0 o GoRepRior B! eende e srmaning RERCRBR B Rl 158 "

failure ;QMQB& nggtewoyssa &%B&gh@rﬁlg@md upon the sensitivi ty par arret er.
3. .~ The -apparatus -of claim 1l wherein the process control - Ioop I'S.

-sel ected fromthe- group conS|st| ng ‘of two wre process control |oops, three

wire progess contrpl | oo fOur, W 0GESS con
The appaf-atus of .c e?ﬁ f’p‘liﬁ eflﬁm? e“’aé@l'@e hf’él“y %gﬁ%ﬁolﬁdt‘ﬁ the -
power reﬁaemli@darld Wﬂelélﬁi cbfr@ﬁﬁﬁ&n CmeuitBl abpma the’ membershlp ﬁmctton to’ the tramed

parameter pnor to operatron of the rule '

peret oot i ng @ “;| i || e S ACEVENT SHEET
*C U

_'_lO;_ o The apparatus of clatm 1 wherem the process srgnal mput compnses a sensor mput: -

e charmel and the process s1gnal compnses a process vanable :

l'l-...'." L The apparatus of clarm 10 wherem the sensor mput channel lncludes
| .. sensor provrdmg a sensor output related to the process; and _ o
| an analog to digital converter whrch eonverts the sensor output rnto a drgrtrzed' |
' process va.nable ' : B
' 12, '. _ E -The apparatus of claim 11 wherem the sensor is selected from the group consrstmg =
- of pressure, temperature pH ﬂow turbrdlty, level sensors, posrtron, conducttvrty, motor current, .. o

rnotor back emf and vrbratron.

13 The apparatus of clarm 1 whereln the process srgnal mput compnses a control _' S
":channel and the process srgnal compnses a control signal. o '

14 " The apparatus of claim’ 13 wherein the control channel mcludes :
e a control element for controlhng the process; and B

an actuator for actuatmg the control element _ 3

- 15. o ‘The apparatus of clalrn l wherem the process srgnal input comprises input crrcultry

| coupled to the control loop to receive the process sxgnal from the process control loop

' REPLACEMENT SHEET
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vari ance, 'root - nean- squdr e -( RV8) $ range;2and rate of ch

The apparatus of claim1l. mhereln the conmputing circuitry provides the"-

fallure ent - out iy f a pCk -
[ fe Ut BRARGLB0Mln bt WA Yo2 Bl HSbSr o biRTY B

sel ect edcdnﬁomobbanamnﬁnmmelfanm@vem output i the prabess’ Eontiell asop. Noj se and -

st uck. The apparatus of claim 1l wherein the conmputing

_C|rCU|try conprlses fuzzy logic : and the rule enpl oys a menber ship

functi 0”17 The apparatus of claim 1 wherem the output circuitry comprtses user output

e o T2 S Itltlmtllllltlm st oiara o o ?ggégglggg;égggm

_ ctrcuxtry for outputting the fatlure event output to a user.

18'.';' o The apparatus of clatm 1 wheretn process stgnal input comprtses a chagnosttc--
: channel and the process srgnal compnses a dtagnosttc srgnal related toa control element used to

control the process

9. The apparatus of claim 18 whereln the dlagnosttc srgnal is selected from the ' group

YR consxstmg of valve stem posmon, force, and pressure.

20. o The apparatus of clalm 14 wherem the actuator comprlses a motor and the comrol - N

' element compnses a pump operated by the motor

21. o N . The apparatus of claim l mcludmg an mference engme coupled to the farlure event
N output for performmg dtagnosttcs on the process control loop '

- 2. . The apparatus of claim 2 wherein the computmg circuitry momtors the current
parameter durmg normal operatton of the process control loop and thereby generates the traified

parameter. -
' 23. L A Uansnntter ina process comrol loop, compnsmg
S a sensor sensing a process vanable ' _
‘an analog to digital converter coupled to the sensor havmg a dtgtttze"d process |
variable output;. . B ' o
--a memory contatmng a tramed parameter representattve of stattsttcal functton of -
-an observed process variable and a rule; o -
' computation ctrcuttry coupled to the memory and the analog to dtgttal converter, -
| the computation circuitry calculatmg a current parameter representattve of |
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menber shi p functlon pa¥ameter prior to operation of the

rule. - 10. The appar at us' of cI a| m 1 wherein the process
si gnal i nput conprises-a sens | nput ¢ d the roce S signal-
conprises a process vard %@} parametquothtﬁ 1gmze 2Fablg o at’é‘ﬂé’l“rfl‘io

wherein the sensor inpuyjqg llf;;fh? Gpon the rule and ttéf tramed paert?l@Pt%%ereby
providing a sensor output reiated to.t e process;

anal og to digital conveeccgnMp}imemn\xhepmccshelgneh'wmcxatedpauhalfaﬂureaventand -

digitized _ ﬂ yocess va fJ ,?

The apparatus of  cl ai mrt?%&‘&m‘”(l W8 AO6TSS 's“‘éfsleéfE’t ‘El“?‘ltoﬁ‘?‘l he group

consisting - OfguahReHthify cloﬁﬁléﬁrt@lhérﬁrocésycorltl‘dl%oﬁ i ?hﬁlt'n Yhe b x%l‘fé‘ds failure
sensors, position, conductiVity, .notor ‘current, ack enf and
~vibration. 13. eventchutpmppm ﬂtmbop.f claim| wherein the process
~si gnal input conprises a control - channel and the process Si gnal

conprises a control si gnal .

24, - . The transmltter of clatm 23 wherem the memory further contams a sensmvuy':__ ' .'

parameter and 'the farlure event output 1s further based upon the sens1t1v1ty parameter

. 25.  The transmitter of clatm 2.: wherem the devrce is completelv powered with power 3

o : _' recexved from the process control loop

26 - The transmitter of claim 23 wherem the rule is. selected from the group consrstmg.'
' .of sxgnal splke, srgnal dnft srgnal blas 51gna1 noise and srgnal stuck

27 -. _ The transrmtter of clann 23 wherem the sensor is selected from the group
consrstmg of pressure pH, ﬂow turbldlty and level Sensors. ' L '
- 28. ~ The transmitter of claim 23 mcludmg compensanon c1rcu1try coupled to the analog |
to drgxtal converter for compensatmg the dlgltlzed process vanable R

\_._/ 2. " The transmitter of clalm 24 wherein the computmg cxrcultry momtors the current
' _ parameter dunng normal operatxon of the process control loop and thereby generates the trained

- parameter.

| 30. | A method performed ina process device for detecting a process fatlure event in’
‘a process eontrol system, compnsmg "
obtalmng a process 51gna1 related toa process vanable
- retrieving a rule from a memory,

' retnevmg a trained parameter representatlve of statxstxcal ﬁmctron of an observed :
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and * an act uat or ac®fating the control

150 : The .apparatus of- claiml wherein the process si gnal i nput
conpri'ses input circuitys u pontrol loopto recelve t he
process signal fromt hé’r%ce 1 a%geonhrﬁlgﬁ&?%%g&y '
-22 - - 16.° - calculatindhe ca@émr pdrardetef reﬂnesmahvm gi snattshealoﬂmaﬂctn of the _
circuitry couples to the process - control | oop and transfits the failure .
event output .on the pr PSS sismali ol | oop.- - 17, - The apparatus-

of claim1 wherei Q:o%r&grxgé'ttﬁ%n&#)%eldryt CHPIRAET pifheHf Yecordande' U 47V

for outputtlngthe e even ut to a use
relationship defi ned by the rule to- thereby recogmze a pattern in the

process srgnal assocrated wrth a farlure event and _ . _
' responsrve]y provrdtng a process farlure event output based upon the step of
comparing. ' ' '
3. o The method of claim 30 mcludmg retrieving a sensitivity parameter and where the

step of companng is further based upon the sensrtrvrty 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 comprlses a control_signal. '_

34. o _The me_t_hod of claim 30'-vrhereln_the process signal cornpriSes a di_agnostie signal.

.35 -_ " The rnethod of clatm 31. mcludmg calculatmg a current parameter of the process

- , vanable dunng normal operatron and stormg ‘the current parameter in memory as the tramed
parameter. |

o 36. o The method of clarm 30 wherern the rules are selected from the group consrstmg

of sprke, dnft bras, noise and stuck.

37. o The method of claim 30 wherem the function parameter is selected from the group
'consrstrng of standard devxatron, mean, sample variance, root-mean-square (RMS) range, and rate
of change o

38.  ©  The method of clarm 30 wherein' the step of comparing .includes.perfo—rming a
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._18 o The appar at us of cl ai m 1 V\herel n process signal input
cenprises a diagnostic - channel and the process si
di agnostic. Si gnal related to-a control  elénent used tBEEPLA@;ﬁNEWTﬁHEET

process. = _ o -The apparatus .of claim:18 wherein t

di agnostj ¢ sdpgnal N seI ected from the group. con5| Stl nngujwmlitﬂlﬁ Hljmll
posi tion, Bressure. - 20, .. The

14 wherein the actuator co'rrpri ses a m)t o'r and the control el ement
conprises a punp operated by .the motor. . The apparat us

of “cl ai @M% i ncl udiHg methode leméomcgtds\ag e%ielplaeag tteutarfédr\aatmr@de@mof the

o P o s B SR o et ALY BIAAGIRY o ORISR Pl R Ranard devfiion
current js greatbR i tﬁameiwtadﬂﬂrdﬁwimionmﬁfsaindist sehsitiviey parmneres(p)onti 04 crlmmp

and thereby generates the_trained par arreter
range is greater than a tramed range.

C e T

- 40. - " The process control devrce of claim 1 wherem the tramed parameter is related to

 the process ‘when the process has settled.

: _4'1_.'.- A The transmitter of claim 23 wherein the computatton cxrcurtry calculates standard

\_ deviation. and range of the digitrzed process vanable and responswely provrdes a norse detected-- -
_' _output if a current standard devratron is greater than a trained standard dev1atxon times a -
| sensrtxvrty parameter (B) and if a current range is greater than a tramed range

- 42 i ._' A transmrtter coupled toa two wrre process control loop which cornpletely powers .
'.the transrmtter compnsmg ' _ ' '
' a process srgnal input prov1dmg a process srgnal related toa process compnsmg o B
a sensor provrdmg a sensor out_put related to the process, and an analog to
| .digital"'oonverter.which converts the sensor output into a digitized process
o vanable,. | B _. | ..
o o memory containing a trained parameter representatrve of statistical functxon of an.
-~ s observedprocesssxgnalandamle |
S computing cn'cuitry prov1dmg a control signal output as a function of the dtgitrzed '
_pro_cess variable and calculating a current parameter representat_rve of a
statistical function of the digitized process variable and 'operating on the
current parameter and the tramed parameter based upon the rule to thereby
recognize a pattern in the process signal assocrated with a failure event and
. provrdmg a fatlure event output in response to a farlure event in the
- process detected based upon the operatlon, and

“output circuitry outputtmg the failure event ou_tput on the two wire loop.

* This Sheet Has Been Rep la REPLAGEMENT SHF;E_T .

AT i

. —— - [ THIS SHEET Has Been ]
- 02 SEP 1999 | REPLACED




'23._".- | A trans ss contr ol Ioop, corrpr|5| ng: L
assensor sensing a er! g" !Eﬂmmﬂ QD%
di gi tal converter coupkede sensor - RB&vi ng a di git |8 ad

- vari abl e out put; a rrermry cont aining a trained par aréﬁgET
representative of tat | St caI nct
observed™process v gw}’ewn the memory funherc%%ﬂf’%tal HSIHV“Y

Ci I cui t rpariRMeY A1 4 ‘Pathx?@e‘f&ff@ﬁtpuﬁﬁcfuhﬁér REOD the sehitie) pagmver! er,
t he conput atlon circuitry calculating -a.current parameter represent atlve of

-23 - a statistical pararreter of the. digitized

processe varlabl 0. n
par anet ef “based uSB‘he fq?g%l og' 8‘%&1 %?threal? ne edprogrsgrcgr[ttéol lPop thi é%é’deﬂam the
recogni Zgoap Batisisting of fwd Wite PloReRTHnEHII66ps, &ﬁé@ﬁlrabﬂﬁ:ew dokitral [oops andefo@Mmeind

and _ responsively providing a process failure event
out put ; PIREESS: control loops. .. output circuitry coupl ed to the process
control | oop outputting the process fallure o o - event .
out put onto the. | oop. ' ' _
45. . The apparatus of claim 42 wherem the stattsttcal functlon s selected from the '

'group consxsttng of standard devratton, mean sample variance, root-mean square (RMS) range

‘and rate of change

\ | 46 o B The apparatus of claim 42 wherem the computmg etrcuttry provrdes the event
output based upon a plurahty of statxsttcal functrons. -

47. The apparatus of clarm 42 wherem the rule is selected from the group eonsmtmg
'-'of sptke, drift, btas, n01se and stuck. ' '
4. s . The apparatus of claxm 42 wherem the computmg crrcuxtry compnses fuzzy logrc :
: and the rule employs a membershlp functlon. o ' o

'49._ o The apparatus of clarm 48 mcludxng a ﬁmy membershxp function stored in the
memory and wherein computatton clrcuttry apphes the membershtp functton to the trarned '

o parameter pnor to operatron of the rule.

50. : - The apparatus of clar’m 42 Wherein-- the sensor is selected from the group edns‘isting-
--__of pressure, temperature pH flow, turbtdrty, level sensors, position; conductrvrty, motor current,: |

motor back emf and v1brat10n

51. .. The apparatus of claim 42 mcludmg an mference engme coupled to the failure

event ‘output for performmg dtagnostrcs on the ‘process control loop
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24. . _ The t m “ m m23 V\,herel n the menory further. _
st o oot AAEMMSMY *pL?:;d jhe Tl fure gl oupie na 1

‘transmtter of claim23 wherein the device i's corrpl etely povvered W th povver.
recei ved_] romthe rocess -corng r.al nsm

" of clai m®23 wher ej etap(parame |°§m§bf‘g3@\§{f“? W%ﬂéﬁgo‘ﬂﬁ“&?’ng\oﬁl’rﬁéﬁ |
si gnal  SpirkRsterShuiiR! nodnif Sperftidi G thd pRizessYoftital 10891258 u%%sb;sgalaaltes&hyekmed

217. ~ The ransmtter of clalm23 wherein the sensor is selected
from t hepagametgr.  consi st ng of pressure,. pH, flow, turbidity and level
sensors. 28. ~The transnmitter 'of claim 23 including
conpensat.i on -ci. rcwtry coupl ed to the analog - to digi tal . converter. for

conpensagi.ng the di @rédedLdevideosRipledMala prates control l08P, comprising: ~ The
transmtter of cI aim 24 wherein the conputing circuitry nonitors the -
current " a process signal input for provrdmg a process 51gnal related to a process, the -
| | o process srgnal input comprtsmg a control signal for controllxng the process
- memory contammg a tramed parameter representatlve of statistical function of an - -
'. observed process srgnal and a rule, ' ' _ |
computmg crrcultry calculatmg a current parameter representative of a statlstrcal
_ . . function of the dlgmzed process variable and operating on the current |
- /. S parameter and the trained parameter based upon the rule to thereby _. o
| . recogmze a pattern m the process srgnal associated with a failure event and o
- providing a failure event output in response to a farlure event mn the :
process detected based upon the operation; and

| output c1rcum'y outputtmg the farlure event output. '

'54.._ o " The apparatus of clalm 53 wherem the memory further contams a sensmvn:y ___'-;
.parameter and the failure event output 1s ﬁxrther based upon the sens1t1v1ty parameter -

55.' - The apparatus of claim 53 wherem the process control loop is selected from the
group consxstmg of two wire- process control loops, three wire process control lcops and four wire
K/ process control loops ' '

56. R - The apparatus of claim. 53 wherem the devrce is completely powered with power

received from the process control loop

57. .. The apparatus of clarm 53 wherein the statistical function is selected from the
group consisting of standard devratxon, mean, sample variance, root-mean-square (RMS), range,

'and rate of change
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in a process. device fer detlectd ng a pro(:?@ss fal | ure e

control system conpri si ng: obtaining a process si gnal -

el at ed o |
oSk 2 P2 g, st o B BRI 0

Stat'St'eG&ltohtpﬁFbaséa @Bnarplahsewestansucal functions. ~ »  process
variabl e fromthe nmenmory; calculating a current paraneter =

representatlve ‘of a statistical functlon of the

P amet 80 P e e APEEYEp of laim 3 Wi Hid %"‘%‘f@ﬁé’t | oh%“l’ 35?‘%

by the roglsgik Odriffieiadoise @a@RMER. a pattern in the
process Si gnal ‘associ at- ed with- -a fa| I ure event; and

60. R The apparatus of clarm 5.: wherem the computmg crrcultry compnses fuzzy logxc '
and the rule employs a membershrp functlon C '

6. . The apparatus of clarm 60 mcludmg a fuuy membershtp functron stored in the o

memory and wherein computatxon crrcurtry apphes the memberslnp function to the tramed _
\ _pararneter pnor to operatlon of the rule

' '62. . The apparatus of claim 53 mcludlng input crrcultry coupled to the control loop to' N
receive the process s1gnal from the process control loop

-63-.' - The apparatus of clarm 53 wherem the control signal is provrded to.an , actuator .
. compnsmg a motor thereby actuatmg a pump ' ' .

64, '- The apparatus of clalm 53 mcludmg an inference engme coupled to. the event
output for performmg dragnostrcs on the process control loop.

65 The apparatus of claxm 54 wherem the computing circuitry momtors the current -
~ parameter dunng normal operatron of the process control loop and thereby generates the trained

parameter '
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responsively providing a process failure event outp “ mﬁﬂ‘l&m” step
of conpari ng. sof =Cl ai m 30

i'ncluding retrieving a sensitivity paraneter and Where t he step of
gonparing is further based upon the se’rHS|t|V|ty par anet er . '
The method of claim 30 wherein the process si gna

verl albl e. 33. . The met hod of cI aim Rﬁlﬁéﬁﬂﬁ%ﬁ?@l"
si gha

%Lses a control si gnal . "7 The net hod of claim 30
wher eTn e process signal conprises a dlagnostlc signal . 35.

The mathod of clabifdd a0k 4dLAG Q@h@%&sge&l Q68. RBnpB3ing! meter of the
process varil a u

ring nor ation an storing thé current
paranmeter in nerdpryceAs sighsl ihpat psrecidmg pprozewst sgnal reld@d to a process; The net hod
of claim30 wherein the rules are Sel ected fromthe group con | St.i ng
_ memory contamning a trained parameter representative of statistical function of an
observed process signal and a rule;
computing circuitry calculating a current parameter representative of a statistical
function of the process signal and operating on the current parameter and
the trained parameter based upon the rule to thereby recognize a pattern in
the process signal associated with a failure event and responsively
providing a failure event output in response to an event in the process

detected based upon the operation; and

output circuitry outputting the failure event output.

s\)

The apparatus of claim 1 wherein the memory further contains a sensitivity

parameter and the failure event output is formed or based upon the sensitivity parameter.

3. The apparatus of claim 1 wherein the process control loop is selected from the

group consisting of two wire process control lcops, three wire process control loops and four wire
process control loops.

4. The apparatus of claim | wherein the device is completely powered with power

received from the process control loop.

5. The apparatus of claim 1 wherein the statistical function 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 | wherein the computing circuitry provides the failure event

output based upon a plurality of statistical functions.
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gf a;sm 58 \Aﬁ(ralr]:alt n tlhlgmnnm\m“ﬁﬂmEMt er is sel egtYed fromt heTg(raoLrSt hod of

consi sting of standatd dew ati ofi, frean sarrpl e vari Tﬁh’;’EEI
ERVE) I "RE?’L%]

range, and rate of change. nmet hod of
claim 30 wherein the step of conparing incl udes performng a
25 7 fuzzyylq @ od of. ¢l aim
30 including calcul g{jﬁ%gpgt? g%dxgr d gﬁ% klroéowl%h %eé:}ledeﬁ%_%qp %‘?}&p con?%%%%s

si gnabf spile,rdrifpdissi, woisy apd eticki ng a noi se detected output if a current
standard devi ation

3. The apparatus of claim | 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 trained

parameter prior to operation of the rule.

10, The apparatus of claim 1 wherein the process signal input comprises a sensor input

channel and the process signal comprises a process variable.

1. 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 | wherein the process signal input 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
an actuator for actuating the control element.

15. The apparatus of claim 1 wherein the process signal input comprises input circuitry

coupled to the control loop to receive the process signal from the process control loop.
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i.s greater ‘than a t “ﬂ:“t Wew ation tinmes a noise sensitivVi tny
s et ) ST “ e = SRETLAENEN BT

the trained paraneter is related to -22-the process when the process has
settl ed. 41. The transmtter of claim23 wherein the
conpu@tion cirgud abparkid % a& &S 18&&&%@1 edsbat bmlwc&onaragqo Ghe tpla@cess
digitized process v e and responsive provi des a nol se detected

out putoritifol doapuardeminssiita nika fadluckeevent boput sn ghceatoecsstdmtroblqopal ned standard
deviation tines a sensitivity paraneter ([err]) and if a current range
I's greater than a trained range. 42. A transmtter coupled
Lo a §yo Wre pryce ??arﬁﬂx@tétol:lai P Wt (O Tt RirbuRAVEES: rxses ﬁé@? output
transmtter, conpri a process “sign I nput
prOV|duaguatpfompmmngnmmamhweéamedumata>pm&ness conpri sing

a sensor providing a sensor output related to the process, and an analog to
di gital converter which converts the sensor output into a digitized process

vari abke; ¢ appatatus of 1&?&*‘12%11&%{}{ ?{&E@si@nilriﬂbﬁ‘tegorﬁﬁﬁm 8fagnostic

representative Of tistica tron o

obser \cagnmet onktde pm@nmu_mﬂatompnﬂésm diagnostic signal related to a coniynl telemyeng usasiiot r y

roviding a control signal output as a function of the digitized
P c.ontgrol the process. g P g9

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 failure event
output for performing diagnostics on the process control loop.

22. The apparatus of claim 2 wherein the computing circuitry monitors the current

parameter during normal operation of the process control loop and thereby generates the trained

parameter.

383
[O%}

A transmitter in a process control loop, comprising:

a sensor sensing a process variable;

an analog to digital converter coupled to the sensor having a digitized process
variable output;

a memory containing a trained parameter representative of statistical function of
an observed process variable and a rule; .

computation circuitry coupled to the memory and the analog to dqutal converter,

the computation circuitry calculating a current parameter representative of

REPLACEMENT SHEET

-29 FEB 2000




process vari ablle and cal culating a current‘ .par arreter 4&!“4‘“‘”““\“““““&
stati sti cal

function of the digitized process vari coperati ng on
current paraneter and the trained par anet er based upon the rule to thereby
Eecogni ze a pattern in.the process si gyfal associ at g W|th fa| I ure event

and providing a failure
to a failure event

| S det ect ed ggd
upon the operation:  d gﬂfa‘stmal parameter of the dmtgﬁfl Fgu?ceaeg CV&FIP$§ W:ﬁ%q €t he

failure event out put cnrrehhﬁarimaeﬁ\bds% LP&tPthe rule and the?@aifiéd parameter to thdfd§
apparatus of claim42 wherein the nenory further contains .a sensitivit

parameter and a fai | JPEEWBIZE R Pasigimpinithe propess sigmal associated with a hidursemeittandi t v

par anet er. 44, e 2 m 42 ere| n t he process
control Ioop is sel ecese)(?n?vgl& ’ﬁgag{#o%g‘%%ﬁs. rlene@]’e{ﬂtfm e process

contr O: : oops, tduime circtierypjoRpRd o Cprobdss cOMRS 186! oﬁ@Ut’tm‘Q‘ th€ pRIcEsTature
control | oops.

event output onto the loop.
24, The transmitter of claim 23 wherein the memory further contains a sensitivity

parameter and the failure event output is further based upon the 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.
29. The transmitter of claim 24 wherein the computing circuitry monitors the current

parameter during normal operation of the process control loop and thereby generates the trained
parameter.

30. A method perfqrmed in a process device for detecting a process failure event in
a process control system, comprising:

obtaining a process signal related to a process variable;

retrieving a rule from a memofy;

retrieving a trained parameter representative of statistical function of an observed
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45. - The apparatus of claim42 wherein the stati s IIMLNIIH! u“H“IH
sel ected fromthe group consisting of standard deviation,
variance, root-nean-square (RVB), ran apd rate of change

The apparatus of clai m 42 wherein the/Conput!ng ci rcwtry rovi des t he
event output based upon a plurality of statistical

The apparatus of cl aprideésd vatigbleifron fige midhmry;s sel ect ed"”f r-o t-hé'ﬁgdup‘ *':;;

consi sting of splke drift, bias, noise and stuck. 48
apparat us of cl &leHlAINgAFusTeRt Nermelery tRDreRgnaHYVE 0ft 3 tatistien! i @é‘é‘l%ﬂfi)ﬁh@ ogi ¢
and the rule enploys LRMPEL$hi p function. 49. The appar atus of

claim 48 including aP uzzy Fitber shi p function stored in the nenory and

wher ei n conput atéiparitiy’ Curénty paiikice ot the (EIFEE rRkinetet it tacosrdiueret tith a
trai ned paraneter prior to operation of the rule.
relationship defined by the rule to thereby recognize a pattern in the

process signal associated with a failure event; and

responsively providing a process failure event output based upon the step of
comparing.

31, The method of claim 30 including retrieving a sensitivity parameter and where the

step of comparing is further based upon the sensitivity parameter.

32. The method of claim 30 wherein the process signal comprises a process variable.

L)
(9]

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 current parameter of the process

variable during normal operation and storing the current parameter in memory as the trained
parameter.

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 function 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
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20.. - The apparatus of claim42 wherein the sens 1“““ “1 “tﬂ mj“{“k)m
fhe group consisting of pressure, tenperature, flow,

sensors, position, conductivity, rmtorg&u ngl m)tor back enf and

vi brati on. 51. : The appar at u§ of ai

m 42 I%Méﬁa’lﬁ inference--
engi ne coupled to the failure event output for perfor SSHEET

t he prucmdegica@ptration] oop.

27 52. The apparatus of claim43 wherein the corrputl ng circuitry
nonitors the current paranmeter during normal operation of the process

d
brocess. dev ce ot gy 8P QA 3 BRAE bRyas, SRR ARiaion i raneeof e
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is greater than a trained standard deviation times a noise sensitivity parameter (B) and if a current

range is greater than a trained range.

40. The process control device of claim | wherein the trained parameter is related to

the process when the process has settled.

41. The transmitter of claim 23 wherein the computation circuitry calculates standard

deviation and range of the digitized process variable and responsively provides a noise detected
output if a current standard deviation is greater than a trained standard deviation times a
sensitivity parameter (B) and if a current range is greater than a trained range.

42. A transmitter coupled to a two wire process control loop which completely powers

the transmitter, comprising:
| a process signal input providing a process signal related to a process comprising

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;

memory containing a trained parameter representative of statistical function of an
observed process signal and a rule;

computing circuitry providing a control signal output as a function of the digitized
process variable and calculating a current parameter representative of a
statistical function of the digitized process variable and operating on the
current parameter and the trained parameter based upon the rule to thereby
recognize a pattern in the process signal associated with a failure event and
providing a failure event output in response to a failure event in the
process detected based upon the operation; and

output circuitry outputting the failure event output on the two wire loop.
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and providing a failure event output in response to a
failure event in the process detected based upon the
oper atddon; and The apparatus of clgiti $ivheidin thel processtoprtrdl logp tihseléadd from theent
out put . The apparatus of claim53 wherein Lhe menory further
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based 8&@ Eﬂﬁ stivity parameter.  55. The apparatus of claim
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. of two wire process control |oops, three wre process control |oops and
four wre process control | Qops. he .ap aratui of ¢l aim53
wher eif?- t he devi & RRPIERWHPECHERR) %W@F@éﬁ e ﬁ‘%%\ﬁé" fynchen e & ‘Fcr“?ﬁjrﬁfpﬁ’e‘ e

PrOCeSqokf @&r{s‘?gtml_%?gtandard deviation. mean. sample variance, root-mean-square (RMS). range.

and rate of change.

46. The apparatus of claim 42 wherein the computing circuitry provides the event

output based upon a plurality of statistical functions.

47. The apparatus of claim 42 wherein the rule is selected from the group consisting

of spike, drift, bias, noise and stuck.

48. The apparatus of claim 42 wherein the computing circuitry comprises fuzzy logic

and the rule employs a membership function.

49, The apparatus of claim 48 including a fuzzy membership function stored in the

memory and wherein computation circuitry applies the membership function to the trained

parameter prior to operation of the rule.

50. The apparatus of claim 42 wherein the sensor is selected from the group c'onsisting

of pressure, temperature, pH, flow, turbidity, level sensors, position, conductivity, motor current,

motor back emf and vibration.

51. The apparatus of claim 42 including an inference engine coupled to the failure

event output for performing diagnostics on the process control ioop.
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:.sel ected fromthe group consisting of standard devi ati®on,¢ ntdan, sanpl e
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The apparatus of claim53 wherein the rule is selected fromthe group
consi 3%i ng of sphkappamps pf clgimd’ wWhsrela the gopyBRg circyjtyy monitors the cupreat
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parameter.

A process device coupled to a process control loop. comprising:

a process signal input for .providing a process signal related to a process, the
process sigﬁal input comprising a control signal for controlling the process;

memory containing a trained parameter representative of statistical function of an
observed process signal and a rule; _

computing circuitry calculating a current parameter representative of a statistical
function of the digitized process variable and operating on the current
parameter and the trained parameter based upon the rule to thereby
recognize a pattern in the process signal associated with a failure event and
providing a failure event output in response to a failure event in the
process detected based upon the operation; and

output circuitry outputting the failure event output.

54. The apparatus of claim 53 wherein the memory further contains a sensitivity

para'meier and the failure event output is further based upon the sensitivity parameter.

5. The apparatus of claim 53 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.

56. The apparatus of claim 53 wherein the device is completely powered with power

received from the process control loop.

57. The apparatus of claim 53 wherein the statistical function is selected from the

group consisting of standard deviation, mean, sample variance, root-mean-square (RMS), range,
and rate of change.
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60. The apparatus of claim 53 wherein the computing circuitry comprises fuzzy logic

and the rule employs a membership function.

61. The apparatus of claim 60 including a fuzzy membership function stored in the

memory and wherein computation circuitry applies the membership function to the trained
parameter prior to operation of the rule.

62. The apparatus of claim 53 including input circuitry coupled to the control loop to

receive the process signal from the process control loop.
63. The apparatus of claim 53 wherein the control signal is provided to an actuator

comprising a motor thereby actuating a pump.

64. The apparatus of claim 53 including an inference engine coupled to the event

output for performing diagnostic§ on the process control loop.
65. ~ The apparatus of claim 54 wherein the computing circuitry monitors the current

parameter during normal operation of the process control loop and thereby generates the trained
parameter.
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(57) Abstract

A process device {40) couples to a process control loop (6). The process device (40) receives process signals. A memory (48) in
the process device (40) contains a nominal parameter value (78) and a rule (80). Computing circuitry (46) calcul::,s a statistical parameter
ofthepzocmslgmlmdopmlesmﬂwshﬁsﬁmlpanmeﬁumdﬂmstmednmniml value (78) based upon the stored rule (80) and
responsively provides an event output based upon the operation. Output circuitry (42) provides an ontput in response to the event output.




