A SYSTEM AND METHOD FOR GENERATING ALARMS IN A PROCESS
CONTROL SYSTEM FIELD OF INVENTION This invention relates to a
system and method for generating alarms in a process control system.
BACKGROUND OF THE INVENTION In the prior art, alarm systems are
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monitored device begins to operatesnsmEMbnormal pre-set condition. Most
alarms only have two states : i.e., on or off, and heavy reliance is placed
upon an operator to resolve the abnormal condition. Thus, the experience
Flﬁ\fﬁl qug\;m%ﬁr is a determining an_d_unreliable chtor in respondi_ng to the
alarm and resolving the abnormal condition. In the prior art systems, it is hard
to show the strength or the seriousness of the alarm to the operator. For
Teixainvelaiocaltletaiesh tb aths yeterp exadureshobi 80 Cganel dtDQGleanstriggesracess control
sieiperature high alarm, the latter is more serious. Also, in prior art systems,
It is hard for a system to be intelligent and flexible because of inherent
characteristics of the classical crisp logic, and there may be situations where
some rules conflict with each other. These and other serious problems of the
BRIGK GROURDOraHRYNVERTESRNt invention. In the prior art, US patent
number 4,812,819 teaches an alarm system having a functional relationship.
Each activated alarm is analysed and its relative importance with other
INcHIPERIIRY AL PRED BYBRTS AR RIGRAIYAR IERSHIATNEHSP Rekordandeaivith fsm is
agltll\rllcttigr}p{ relationshicpé that t[r)le newly acti\{gted ala[)m haﬁ with o{he
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arglatonshiasahiherayme. b diewnalasag AdRAsiRbIABEIR porRdresid ifor to
update the definitions. SUMMARY OF THE INVENTION The invention is a

respiteihéortyerrerhtionpirmidis, dherespsicoontivyes psemmpaciodingaetermining
plurality of field devices having) ﬁ{gcess values and a repository of fuzzy
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In the prior art systems, it is hard to show the strength or the seriousness of the alarm to the
operator. For example, although both temperatures of 80°C and 100°C can ftrigger a
temperature high alarm, the latter is more serious. Also, in prior art systems, it is hard for a
system to be intelligent and flexible because of inherent characteristics of the classical crisp
logic, and there may be situations where some rules conflict with each other. These and

other serious problems of the prior art are solved by the present invention.

In the prior art, US patent number 4,812,819 teaches an alarm system having a functional
relationship. Each activated alarm is analysed and its relative importance with other currently
activated alarms and signals is determined in accordance with the functional relationships
that the newly activated alarm has with other concurrently activated alarms. There is a need
to define the functional relationships of the alarms, and if new alarms are added, there is a

need to update the definitions.



BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 illustrates one
preferred embodiment of the invention. Figure 2 illustrates the process flow of
the invention. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT Figure 1 illustrates one preferred embodiment of the
invention comprising a system for monitoring of field devices. The process
s\fﬁhﬂf@n@ﬁ?&ﬂﬁ?«%ﬂ%&@re input to a first repo_si_tory 101 of fuzzy
membersnip functions for a plurality of alarm conditions. The process values
can be input as raw data directly from the field devices, or can be data which
has been converted from the raw data. The fuzzy membership functions
Toeltwertothés inmysErodes s edumizndlgereate orowmst maodrs| ayipem,Ancluding a
warning device 102 is provided to receive the continuous output and produce
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action for the continuous output. The solution module includes a second
repository 104 of predefined rules to be applied to the continuous output, and

Bﬁ@fﬁf@gﬁﬁ%,}%qﬂgm gd actions when the continuous output is
applied to the second repository of predefined rules. A fuzzy membership

function, which is predefined by a user, is applied to a process value to
Fiorowitlédlas tetesmmeysadertpdtebdsedrenttbighaputediada. The function can have

more than one process value. In a simple example of a fuzzy membership
Ffunct%c)nﬂ, Pth isghe ﬁroceﬁs value and Afl Is the output of the fuzzy

embers ri% o8 Xy ?)rcg\v/\’ufi)e(tj1 %5]\6%':'-0&00-PV1 2 Al = e50for PV1 having

the values between 0 to 100. In this example, for PV1 = 0, Al = exp (-4); and

DT AMED-DEXT AP TIONACHITE © PREE ERREBSEMBODIMERT-4) to 1, the
continuous output is transmitted to the warning device. When the warning

device receives the output, it produces a warning signal. The warning signal
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m%ﬁpc!ﬂ%g of field devices. The process values 100 of field devices are input to a first
repository 101 of fuzzy membership functions for a plurality of alarm conditions. The process
values can be input as raw data directly from the field devices, or can be data which has
been converted from the raw data. The fuzzy membership functions calculate the input

process value and generate a continuous output.

A warning device 102 is provided to receive the continuous output and produce a warning
signal which varies according to the continuous output. A solution module 103 is provided to
receive the continuous output and recommend an action for the continuous output. The
solution module includes a second repository 104 of predefined rules to be applied to the
continuous output, and a third repository 105 of recommended actions when the continuous

output is applied to the second repository of predefined rules.



For the case of a warning signal which in the form of a sound, the warning
device changes the sound with the increasing continuous output by
increasing the intensity of a constant sound, or increasing the frequency of a

beeping sound. For the case of a warning signal which is in the form of a
Alfyrzy tReraReraltiy fdesiied iighge Pierefioed With YherirfcPeRSAd R RRNgss¥alue to

output by increasing the intensity of a constant Jight, or increasing the
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increases with the continuous output received by the warning device. Another
vaxapld\ disthesudpaisptby fiszon e evivels hipdumiiom ks plogidedamtbiie blocks
are lit up gradually one at a time as the warning device receives an
increasing continuous output. The advantageous of providing a continuous
alarm is to alert an gperator of an impending alarm, so that preventive actions
can be takef{%id an alarm occurrence. Since an alarm means that a field
devicé'ha<tailed, taking [PeR¥ithaYiagtiohateribeiverm 0109 and this
helps to improve the productivity of the field devices. Based on the
continuous output, the solution module can provide an operator with
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provide en the continuous output IS applied to a second repository of
ineregifineshiuies . (hadecarsnentlalinrsonplide REHONHRSIIEH RS AieenYdice.
the field device physically, performing maintenance on the field device, or
Wisaattieg e ipgotedes paraivRadhe vt opradriess. T wernitdrignahdde warning
actions for the respective rules are rgquefined ased on a user manua| of a
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operations personnel. The recommended actions can be displayed on a user
interface or any non-interactive display screen. The following examples
Folustr atesd ohatharcomntisigoal svoigtp it tre forthefuzayunae thbevsimipduleetoencianges
combination with the repository of rules, provide better recommendations to
thensSessick 4tdt. e dnrepeiRarrpENYRESHAY R hRYIErSRIpRTiTIiRRS AN AT raIcengiant
fine follows;,, Alarm Al is activ, if th tput PV1 exceeds the value
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whidirst ralen kdarsiatedith i esennarang aiitiogargatchs lighv\lit astiviateshsing
and a second rule R2 to deactivate S1 if A2 is activated. For PV1 having a
ceiineoos 80tewiddPWIoréraingghe VaiRnsibf R igotistapridcahare! isteasingnidenpequncy

ctivated. If both Al and A2 tivated, it is. | if S1 should be .
oD D S, BB SIeh 1D B SRR A A dleplay
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embodiment of the system in the invention, (100-PW 2
the warning device. Another example of a visual display is one which has multiple blocks,

and the blocks are lit up gradually one at a time as the warning device receives an

increasing continuous output.

The advantageous of providing a continuous alarm is to alert an operator of an impending
alarm, so that preventive actions can be taken to avoid an alarm occurrence. Since an alarm
means that a field device has failed, taking preventive actions reduce such failures and this

helps to improve the productivity of the field devices.
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For PV1 having a value of 80 and PV2 25, Al equals to 0.852 and A2 equals
to 0.5 respectively. Applying R1 and R2, the system of the invention can
recommend the Operator to switch on S1 since the value of Al is higher than
the value of A2. In another example, the fuzzy membership functions and
rules are defined as fO||OWS' Alarms Al and A2 are activated, if the respective

outguts PV1 and PV2 exc the vaILLe 50. A R1 states (%3 recomm
Base
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system would be unable to provide a recommended action to the Operator
thentiobtitbcdbandiAR & eapptioditdal. Amelgond trepcatorg \dlugsdefingd rules. The
embodiment of the sg/stem of the invention, if the PV1 and PV2 are applied to

AP RIRERMBHPERITRIHEG 0ASTBRIORNAY 2% ABPCkiNg opnp(Ppe field device™ physically,

performing maintenance on the field device, or updating the process parameters and/or
conditions. The recommended actions for the respective rules are predefined based on a
user manual of a field device and/or previous experiences of the maintenance, engineering
or operations personnel. The recommended actions can be displayed on a user interface or

any non-interactive display screen.

The following examples illustrate how the continuous output from the fuzzy membership
function, in combination with the repository of rules, provide better recommendations to an

Operator.
In a first example, the fuzzy membership functions and rules are defined as follows:

Alarm A1 is activated if the output PV1 exceeds the value 50; and alarm A2 is activated if the
output PV2 does not exceed the value 30. A first rule R1 is stated to recommend activating

switch S1 if A1 is activated, and a second rule R2 to deactivate S1 if A2 is activated.

For PV1 having a value of 80 and PV2 having a value of 25 in the prior art, both A1 and A2
will be activated. If both A1 and A2 are activated, it is not clear if S1 should be activated or

not, since the rules R1 and R2 conflict with each other.

However, if the PV1 and PV2 are applied to the membership functions below in one

embodiment of the system in the invention,



2 (PV1 E [0,100]) (PV2 E [0,100]) 50 100-PV2. 50

100-PV1

2
Alze[ ) (PV1e [0,100])

PV2

2
A2=e¢e [ 30 ) (PV2€10,100])
For PV1 having a value of 80 and PV2 25, A1 equals to 0.852 and A2 equals to 0.5
respectively. Applying R1 and R2, the system of the invention can recommend the Operator

to switch on S1 since the value of A1 is higher than the value of A2.
In another example, the fuzzy membership functions and rules are defined as follows:-

Alarms A1 and A2 are activated, if the respective outputs PV1 and PV2 exceed the value 50.

A rule R1 states to recommend opening valve V1 if A1 and A2 are both activated.

Applying PV1 having a value of 80 and PV2 having a value of 45 to a system in the prior art,
the system would be unable to provide a recommended action to the Operator until both A1

and A2 are activated.
Applying the same values to an embodiment of the system of the invention,

if the PV1 and PV2 are applied to the membership functions below,

_[ 100-PV1

2
Al=e 0 (PV1e [0,100])

100-PV2

2
A2:e[ 5) (PV2e [0,100])

A1 equals to 0.852 and A2 = 0.3 respectively. A Zadeh operator such as “AND”, “OR”, or
“NOT” can be applied to take the preferred value of A1 and A2. In this case, the Zadeh

operator “AND” in fuzzy logic is applied to take the minimum value of A1 and A2 for the
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Al equals to 0.852 and A2 = 0.3 respectively. A Zadeh operator such as
"AND", "OR", or "NOT" can be applied to take the preferred value of Al and
A2. In this case, the Zadeh operator "AND" in fuzzy logic is applied to take

the minimum value of Al and A2 for the output of Al and A2. The output of
Otl*wtf@h(ﬂb@@ 33, Bseytew R iseldyaiemisdhdrRapmendihd®puest ean

0,
%Qn \e/r} thP{eB /eor%tzl or% 2e r|1IIWtbat$ }he process flow of one embodiment of
e system. e step Btaining the process values from field

devices. The process values are calculated in Step 202 by the fuzzy
membership functions to generate a continuous output. Step 203 applies

Flsurz llogfrates heeset esteliotn sheneLapibfon genéthtsgstecondtep?@@ds the step
actions. Step 204 shows the alarms. Step 205 performs one of the
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repeated. O erW|se the process started from Ste 200

Faitﬂ/mag}ceoamasﬁ @b tihe sygieMoeragdatadierdikack madiee é(ﬁ’iﬁr1§. Step 204
provided to apply the continuous output to any device such as a field device
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We claim 1 A system for generating alarms in a process control system

2fcluding:

In an alternative embodiment of the system, a data feedback module 106 is provided to
apply the continuous output to any device such as a field device or a transmitting device. It
can be applied back to the field device with the input process value, or any other field device
which requires the continuous output to function. The output can be entered into a
transmitting device to be transmitted to remote alarm receivers such as mobile phones and

pagers.



(a) a plurality of field devices having process values; (b) a first repository of
fuzzy membership functions capable of generating a continuous output when
the process value is input therein; (c) a warning device for receiving said
continuous output and producing a warning signal which varies according to
¥églabhtinuous output; and (d) a solution module to receive said continuous
output and recommend an action for said continuous output. 2. A system as

e ggﬁ@rérﬁfﬂ rglﬁ}rﬁ%' Ahtian gl REIHARS Rgeond repository
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of predefined rules to be app |Ied§to sald continuous output. 3. A system as
claimed ingaiali® vihiereesaid selitpprsoesiealfiegther includes a third
repository of recommended actions for recommending an action when said
conti®uoud dtrpuieroieplied thizzyprewersehividindionssyapablaPtigrnea@tng a
claim 1 further includirﬂl a”(]:lata entr%/ odule toﬁﬁ’glé‘ said continuous output
to a iRl HEV_ "B A REtHOg %?Cgeg &fating ARrmS i A process control

systeg if‘ﬁ'%@ﬂ% _ ﬁ%o%mé&é\)/iﬂ éﬂi%rﬁf&%%ﬁﬁih‘%@f@oﬁwﬁﬂtﬁ ®hbrning
field devices to a first repository of fuzzy membership functions; (b)
calculatingigaativpriobessesttes disgiyg said duzinyooemibpusiapdfunctions; (c)
generating a continuous output from the calculation; _
(d) a solution module to receive said continuous output and recommend an action

for said continuous output.

2. A system as claimed in claim 1 wherein said solution module includes a second

repository of predefined rules to be applied to said continuous output.

3. A system as claimed in claim 2 wherein said solution module further includes a third
repository of recommended actions for recommending an action when said continuous

output is applied to a predefined rule.

4. A system as claimed in claim 1 further including a data entry module to apply said

continuous output to a field device.

5. A method for generating alarms in a process control system including the steps of:
(a) providing process values of a plurality of field devices to a first repository of
fuzzy membership functions;
(b) calculating said process values using said fuzzy membership functions;

(c) generating a continuous output from the calculation;



receiving said continuous output; producing a warning signal which varies
according to said continuous output; applying a plurality of predefined rules to
said continuous output; and providing a plurality of recommended actions
when said plurality of predefined rules are applied to said continuous output.
6. AthethtgY g SRtEePMitYals B'Ritther including the step of displaying said
generated coptinuous output.on a varying.display. .7. A method as claimed in
CIl5 1o PRV A B B Sy Sl SRR R e

outpyt int%ﬁ)@%@pﬁi%l@-o r&@ﬁﬁ&@l%@'@%%ﬂﬁn@@@oﬂt%ﬂ%ﬁ%ﬂ the
strength of said sound signal varies with a change in the continuous output.

9. Alghethpaadidaanpedaiityctéirecbrfurtindedhattidnsgnthen steip plucditw ef timgdséied
generated continuous output into light signal. 10. A method as claimed in

claim 9 wHERSIA"E&PBRSHG A AU HGHE SHR4H varies with a change in the

continuous output.

6. A method as claimed in claim 5 further including the step of displaying said generated

continuous output on a varying display.

7. A method as claimed in claim 5 further including the step of converting said generated

continuous output into a sound signal.

8. A method as claimed in claim 7 wherein the strength of said sound signal varies with a

change in the continuous output.

9. A method as claimed in claim 5 further including the step of converting said generated

continuous output into light signal.

10. A method as claimed in claim 9 wherein the strength of said light signal varies with a

change in the continuous output.



