A SYSTEM AND METHOD FOR GENERATI NG ALARMS | N A PROCESS
CONTROL SYSTEM FI ELD OF I NVENTION Thi s invention
relates to a system and nethod for generating al arns
in a process control system BACKGROUND COF THE
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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 trigger 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 functionai relationships of the alarms, and if new alarms are added, there is a

need to update the definitions.




need to update the definitions. 1 SUWARY OF THE

I NVENTI ON The invention is a systemfor generating

alarnms in a process control system including a

plurality of field devices having process values and a

repository of fuzzy nmenbership functions capable of

generating a continuous output. BRI EF DESCRI PTI ON OF
SUMMARY DRAVWWENBB/ENTGON: 1 illustrates one preferred

enbodi nent of the invention. Figure 2 illustrates the

process flow of the invention. DETAI LED DESCRI PTI ON OF

THE PREFERRED EMBODI MENT Figure 1 illustrates one
The iveetier ked spstbadiongeterafing Biarmave at probessocgmitriok sysiera, including a

systemfor nonitoring of field devices. The process
pluralivabiuéeld 188icek fhavigl poeebs emlumseand putepbsitay fdf riszzy membership

repository 101 of fuzzy nenbership functions for a
functigvls taphblé wf génethtmgn cmtididusongputThe process val ues can

be input as raw data directly fromthe field devices,

or can be data which has been converted fromthe raw

. functions cal culate the
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A war ning device 102 is provided to receive the
. _cpntinuous output and prodyce.a warning signal which
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applied to the second repository of predefined rules.

Figure 1 illustrates one preferred embodiment of the invention comprising a system for
monitoring 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
bheen 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.




2 A fuzzy nmenbership function, which is predefined by
a user, is applied to a process value to provide a
conti nuous out put based on the input data. The
function can have nore than one process value. In a
A fuzzginmyhigerehipfiguiciomfwlact iszeedeaipad by shispr, isimgiliedng aPudcass value to
the process value and Al is the output of the fuzzy
providemndaetisloys duimdthased as tipr opldeada bEieofuncliddOsan zaveAhore tean one
50 for PV1 having the values between 0 to 100. In this
procesxedipd.eln 4 eimfRYExampPle &M a fuzy pnémidgrshiarfdndtion, PV1 is the process
100, Al = 1. As the output increases fromexp (-4) to
value dnd Alés thoruiputiolibe durzp uienttershiahsniidrt @dprogided beloar-ni ng
device. Wen the warning device receives the output,
it produces a warning signal. The warning signal can
be i npl enmented al one, or as a conbination of, sound,
light, [qh,awyisual di splay. For the case of a marning
i gnal “Ilwhigch) in the formof a t he war
deéticé changes tHReP ggﬁﬂﬂ”QﬁW%V %Pﬁﬁﬁgﬁ%‘h 0"
conti nuous out put by increasing the intensity of a
constant sound, or increasing the frequency of a
beepi ng sound. For the case of a warning signal which
In thisi exanmplehier RN AT, Al i et (-4) leedviar Rvivgs d60i 8 thaAgetbe output
the light with the increasing continuous output by
increabes freasexy (-Bhéo itnthensintipuads autpoinist tansmittaghto, therwarmning device.
increasing the frequency of a blinking light. If the
Whenwibe manging idgniak receivasetheoruipdf it @raduseala Wempldasigndlomhe warning
exanpl e a display having varying i mges, the inmge
signaldanetiypiementsaseonaniot is & lsembmatiemofossurdutighit orreedsial digplay.
by the warning device. Another exanple of a visua
di splay is one which has nultiple blocks, and the
bl ocks are lit up gradually one at a tine as the
For theenané nfa cerniog sigeekwkiels imthe fome peasbury, dohwaminsudevice changes
out put. The advant ageous of providing a continuous
the saindrwith thet iocrelbeing antinpes atubrut oy inereasipetial ingensity 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 light, the warning device changes the light with the increasing
continuous output by increasing the intensity of a constant light, or increasing the frequency
of a blinking light. If the warning signal in the form of a visual display, for example a display
having varying images, the image density increases with the continuous output received by
the warning device. Another example of a visual display is one which has multiple blocks,
and the blocks are lit up gradualy 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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alarm so that preventive actions can be taken to
avoi d an al arm occurrence. Since an alarm neans that
a field device has failed, taking preventive actions
reduce such failures and this helps to inprove the
productivity of the field devices. 3 Based on the
conti nuous output, the solution nodule can provide an
Basedoper tieocontintibus reetmutimred sbiutios  roodidewearo pasvideneint opérhter with
alarm The recomendati ons are provi ded when the
recomoantiatine us et feudttans tapipd Biednt Bharepecomhdatpesare gryviddd when
predefined rules. The recomendations include actions
the centibhoas ciyedkisngpmiedt tre o isebohdeepadtophysi watléfined rules.  The
perform ng mai ntenance on the field device, or
recomupetdbtiong trickidpr actess paciamst ehsclamyl/ @r theofield t dowis physically,
The recommended actions for the respective rules are
perforpirgdetintednbasedthernficdd desiee, omnpddtingftha fdroedsd pheaineers and/or
and/ or previous experiences of the maintenance,
conditengl Treerdcommesiied petiaris fonshe erspentel rulsEharerpedafimendeded on a
actions can be displayed on a user interface or any
user nmomial oft ®field tdeviee dindfol aye vimsesperidites fod EHeomaimiererearpngseering
illustrate how the continuous output fromthe fuzzy
or openatftne pehdopnelf Tine tdcommermied artivrsatandre displhydchen a user interface or
repository of rules, provide better recomendati ons to
any naRintedpaivatisplaylsoreanf i r st exanpl e, the fuzzy nmenbership
functions and rules are defined as follows: A arm Al
is activated if the output PV1 exceeds the val ue 50;
and alarm A2 is activated if the output PV2 does not
The f@ketedetdmeploaliuetrad. hotv tha stntinubes Blitpus fretrathedfukzy membership
recomend activating switch S1 if Al is activated,
functicanch aorakinatitth with theR2pbetoteattulasapevile bdtteA2e¢sBnmendations to an
activated. For PV1 having a value of 80 and PV2 havi ng
Operatorval ue of 25 in the prior art, both Al and A2 wll
be activated. If both Al and A2 are activated, it is
not clear if S1 should be activated or

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 S1if 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 rutes 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,




not, since the rules R1 and R2 conflict with each

ot her. However, if the PV1 and PV2 are applied to the
nmenber ship functions below in one enbodi ment of the
systemin the invention, 4 100-PVI 2 Al= e-( 50 (PV1 e
[ 04h0OQ] rrPv2)2 A2 = e ~ 30) (PV2 E[0,100]) For PV1

havigg nd Pv2 25, Al equals to 0.852
Al“‘“ﬁnd A2 equg‘*)g?teo %F@Oﬁr espectively. Applying Rl and

R2, the system of the invention can recomrend the

Qomzaa?or to switch on S1 since the value of Al is

of A2. In another exanple, the
A2 = uzzy rrew %ﬁ:O\’l Oﬁgti ons and rules are defi ned as
follo are activated t he
For PVés’ﬁé&\gu éfaéu?t Bfutgg Wlpxﬁdzﬁv\ﬁﬂ Efededo t%@%éﬂ@&%@qua*%\ to 0.5
rule Rl states to reconmmend opening valve V1 if A and
respeiiyelyr aPMYes Rdandat.dbe syuppmyaf r%e 'P\’ﬂntﬁﬁ\i’iaﬂ geeprvassb ther Operator
80 and PV2 having a value of 45 to a systemin the
to switgh jogS1agince fh?Hé'“@»)?’ﬁf\éhﬁ %U?rdh%thﬁﬂéblleéﬁﬁ@ provi de a
recomended action to the Operator until both Al and
A2 are activated. Applying the sane values to an
enbodi nent of the system of the invention, if the PVl
In anofied exaypplgr 1B dyrsy inainbesship &nelistseshivjesAm e efinsdasyeli;-
00-PVI 2 Al=e 50 ) (PV1 e [0,100]) 100-PV2)2
Alarms A1 and A2 are activated, if the respective outputs PV1 and PV2 exceed the value 50.

A rule R1 states to recommend opening vaive 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 {0 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-£¥1

Alzeﬁ[ i) (PV1e[0,100])

| ;()0—/)V2J2

A2 =e 4 (PV2 <[0,100])
A1 eguals to 0.852 and A2 = 0.3 respectively. A Zadeh operator such as “AND", “OR", or
‘NOT” can be applied to {ake 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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A2 = e-( 50 (PV2 E[0,100]) 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
output” &NB! dnal ARz Zie loagiuc of shiagphdtied it 0.8 aBasddhen M1 themystem can
value of Al and A2 for the 5 output of Al and A2. The
recom@ighpulie Obetadrso bpercVi on30%.0. 3. Based on R1, the
system can recommend the Operator to open V1 by 30%
Figure 2 illustrates the process flow of one
enbodi nent of the system Step 200 is the step of
Figureabfastritag tHeheogase flewsof \vak weasholmoent fof tedsydvi.cBep 2DBds the step
process values are calculated in Step 202 by the
of obtdibing Ynapibessshaiyzsifronctdlonsvites. Jaagrakes saloentieruatutated in Step
output. Step 203 applies Fuzzy Logic on preset rules
202 by thd hezpuicpiberdtiy fugengrsabl gegerae ansoetidgisaaiipuinStepStEpapplies
204 shows the alarnms. Step 205 perforns one of the
Fuzzyegmoe peadt agéd anthe Sitew 20Genatetiey ricoesndnidet! etions. Step 204
probl em has been sol ved by the action, and whether the
showsaltgs raldras. ksep 20k aetiomed ethe bf the, reSbramed®&d isktions. Step 206
repeated. Otherw se, the process flowis re-started
deterrhin@dNf $e2 probROO had Bean saléebnatd ¥etiodTbaglivmetier ¢fe slbén has been
system a data feedback nodule 106 is provided to
deactid@Bl yIf hbeStep 206 MuRPsated! OtHertie aNY pAEMES B0\ UL fe-gtarted from Step
field device or a transmtting device. It can be
200. 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 transmtting device to be
In an Biamsnid bedotimene @bt &lstdn) & el Veydbasualvdas nIEisl grovided to
phones and pagers. 6

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 {o remote alarm receivers such as mobile phones and

pagers.




W claiml1l. A systemfor generating alarnms in a
process control systemincluding: (a) a plurality of
field devices having process values; (b) a first
repository of fuzzy nenbership functions capabl e of
We cl@@nerating a continuous out put when the process val ue
is input therein; (c) a warning device for receiving
sai d continuous output and producing a warning signa
1. A sydiérs forveneesingemond img ptosesacahtobsistern owiidingt put 2. A
systemas clainmed in claiml further including a
(8ol wtpioalipodfible dediceechaiivepeaésh vahest | nuous out put and
recommend an action for said continuous output. 3. A
(Y stzerivasrepbaitorgdofi fuzel amendewdhér dunctisas dapablat bbmenerating a
nodul e i ncludes a second repository of predefined
cotfire®ut outpet @pel thetbrocess abldedonpuntienat; out put . 4. A
systemas clained in claim3 wherein said solution
(epdd waifningt tedicd o€ recddsnca saibli dodtinucep asitduo ayd giroducing a warning
recomended actions for reconmendi ng an acti on when
sai Gigrinivhich atses setoplihg iossakpgdnitiadodsootapytr edef i ned
rule. 5. A systemas clained in claim1l further
including a data entry nodule to apply said
conti nuous output to a field device. 6. A nmethod for
2. A gﬁﬁ@ﬁaisi BginddAInBlaim B free easdudionta eblutyrstreriule to receive said
including the steps of: (a) providing process val ues
contin@busopltraallirbdbr@heiid ah dctt@Mbcesd tontaubiig Sltputeposi t ory
of fuzzy nenbership functions; (b) calculating said
process val ues using said fuzzy nenbership functions;
(c) generating a continuous output fromthe
3. AGaber aki @aimeddin crGel Y ivigraai shid oiution oed utimiidesaadsecond

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

4. A system as claimed in claim 3 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.

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

continuous output to a field device.

8. 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;
(¢}  generating a continuous output from the calculation;

{d}  receiving said continuous output; and




7 (e) producing a warning signal which varies
according to said continuous output. 7. A nethod as
claimed in claim®6 further including the step of
di spl ayi ng said generated continuous output on a
(eYar ratucthigsplvasingSsignsi meich adriesaaioadimgeth daid edrainov output.
further including the step of converting said
generated continuous output into a sound signal. 9. A
method as clained in claim8 wherein the strength of
7. A Fatiddsauadinsiddnallaived flethewidcluding bange of tisplaging said generated
conti nuous output. 10. A nethod as clainmed in claim®6
continlibitig f\@putioncd vestying dishriyst ep of converting said
generated continuous output into light signal. 11. A
method as clained in claim110 wherein the strength of
said light signal varies wwth a change in the
8. A ri6Rbd AY QiEEmedtip dlaim BfurthenmtinQitlg abe clepl ofechbrivertiag aaM Generated
further including the step of applying a plurality of
continpb@s@ltbirastoradRddts@naai d generated continuous out put.
13. A nethod as clainmed in claim7 further including
the step of providing a plurality of possible
reacti ons when said plurality of predefined rules are
9. A ARMddest seinsRlid RN ahedin LORtieAYAUS saldt SBuhd siynal varies with a

change in the continuous output.

10. A method as claimed in claim 6 further including the step of converting said generated

continuous output into light signal.

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

change in the continuous output.

12. A method as claimed in claim 6 further including the step of applying a plurality of

predefined rules to said generated continuous output.

13. A method as claimed in claim 7 further including the step of providing a plurality of
possible reactions when said plurality of predefined rules are applied to said generated

continuous output.




