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Representing an alarm system for processes with variables with mixture
probability distribution

A.Valipoori, G. Latif Shabgahi

Abstract: Alarm systems play an important role in ensuring safety, and preventing event
occurrence in industrial plants. One of the most important steps in alarm system designing is
estimation of the proper probability density function (pdf). Conventional methods in alarm system
designing like, dead-band and delay timers cannot be more effective in case of alarm variable with
mixture pdf. This paper presents a new method to design an univariate alarm system with mixture pdf
in alarm variables. In this paper three alarm performance indecis are derived for variables with gussian
pdf. In proposed method, rasing and clearing alarms are based on the probability values corresponding
to the instantaneous alarm variable values in the normal and abnormal pdfs (normal and abnormal
reference models). The effectiveness of the proposed method is shown during some simulation and
industrial case studies and its performance compared with Reset scenario in delay timers. In one of
the case studies, the performance of the proposed method in the DAMADICS benchmark actuators
has been investigated.

Keywords: Mixture probability density function, Alarm management, False alarm, Missed alarm.

b gl el g i o1 01yl 583 5l 5 S Oledige el o 5S7 dloes Gox Sson UK s edgs ol 5


http://dx.doi.org/10.52547/joc.15.1.127
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.1.9.4
https://joc.kntu.ac.ir/article-1-752-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20088345.1400.15.1.9.4 ]

[ DOI: 10.52547/joc.15.1.127 ]

e T Jlaiol 55 Sk ke b (Slais 3 (51 p 5itn i &S5 (5401 YA
AR Gl Lo, ¢ 55 s o)

gr 9 OIS pRcr )3 o g0 Sladie (e 5 (S o3Il gl
w13 6,50 el (ggsl 53 0T 1 2l (gl wlaT 05,8
Odalol b b ful s YU s 5 S a4 5A] 53 el ok
slass o T 3l é&: Al r.,d; 4l oaw a ‘ji_: calaT g3
DL e ol 03 0 dd S5 s s 5 5 55 sl st
P pbigr MR s 2 25 o pa ) gl e

Slpins (b 53 dslize 5 esle sl by, 51 Ks (S
o Gl el [10] 55 Sl 030l alul b ldia
P b Sl B s e G Gl 03 el LS
ol s e b (G0 [V ] 3 e okl 03 ekl
2uld Ol o it &S5 s 812 OT (U551 5 el 503,08k 2g,
03 okl 5 (58 3y e 03,0k 05 8 53 (5l men Il
gl Al AAD ; MAR FFAR L)l sl jesle Ol » oo
03 okl (Ton JAES e (b 5 G VY] e e
Sl e dolas b s Sl Glag e b ediidide oyl b sl
Ll oS

Sl (b 3 55 ba 2ld 03 a5 6 5B el e
)l.x.i..nW@\jbaﬁf)jq[\‘“]):..\})l::ﬁ)\f)\:«))\m
ol ails y &S e Ll sl 5 S et e (sl b Sl eslizal L
S 5 e Al i (b Gl sroler [VF] D ol
wls, Jltie Wy gl ae A b 4 [10] 53 .l sl |
Slp e 2L A S b (KR 4 [V8] s il s
33 Oeomed (el ods 415 s MAR SFAR (gla et ls 03 57 folus
3yl plie oS S e bl s ST, (650 = o
Al ok abedie

QRIF b s aid b i Olidcd 59 -1
e |

S oslizel Lo pasnds @l dis » (e ) &K [WV] 2
b b ol 03 el ol (S5 glmal 312l 5 aaT Jute
slass F-J r:.:uf.ll 31 03Ul b 5 e i 5 (slaesls Sl oslicd
o §3 55 g S 1S5 ()T Diliatndie 5 aieel ik (sLa0LI
23zl 5 (FGMM L 5 gutomn (o8 abnT 55) Jdo Sl oslizal L
G 4 odd gl sladsed Gl Jlai| (g5 gzl g5l
g g 03litul Cus jadeii Gl 5 dmlbee aben] Jde SO
ol odoslial bag )lial Laseis gl GMM Jue 31 55 [VA] s

o3lital abenT Jute (gl a5l e (512 EM r;_,,ﬁ,’\ﬂ,;&

doddo -1

Sl 5l Sl Copde g e el 6‘»“(-‘-“:-—" 039,
BT aS das e OLis byl T iz O jube  anio Sl s Say
5 S L e bl 5 Sl g s et g5 el b glallas
3,05 50 e Gadly 4 HYs s Ll GV el (g5 yasli
2 S et i SSUE Ll 5l Sblsl ) S
e DS el Ol oS J 287 lials oolaS (Ol gond
3 S sl Sl b (B s Dl Dol IS 5l 255
Caliten Sl idn 5 s (DY s iS5 5 DKL )
Olyisas Hhis o &G 355 0 JAST 5 il (oo s oS
5 bl a ) gl sazms W 5 L &l ed
(Y] 5DVD Wbt (6 o 85 ol 2 48 355 oo Jali 5 a3l
03 oslag, slales ey asid 4 Ol Sy pde 5 g s
L bl 5o S e oSS (amin doly oK Calbes gl e
ISA 5 EEMUA 191[1] ahoor I 55lleul o kir 5lin (gl
3,15 545 518.02[2]

€38 Gl )s 5,1

)l.,\.i,ale.a(.wfljblejdl.«’\ui”un?l‘;uaj:);
b by ol Sl ) SIS 4 &8 55 e gwio las )8 sl e
Lo s 503 pe (ol es b (gl a3l A Le

SR 3 63,2508 5 S sy 5l S O ge 4 5 b el
o opl OLKngs 53550 | ladle 53 Cowysl (gla it
b Gl n e A 5 s &G [F] sl 8 51 5
ol 53 (ool GaT ose O 55 &8 ol oks slgiiy 6,56
B A B P PO PRS- SRRV
Wy 1y ltis I deabnT ol 4 Cowd 0T Coamdse 5 ldin
pba b N sl sl ol iy Sl garend [F] 038 e
DL Sy Sosow ray opl 55 Sl odail)l by (g5l
el o el s (Al b 4 (g malyly S eslizal L ol
Sl gl lgarls Gambwe ly (Mo Bs,y & (0]
Jue 5l eslizal b (M out Of N) alass G b el gl
éuw,;ﬂ,;tums‘_guol,yu&.@m;m,tq;)u
Sl Gl s [P] 5o .l e glaailnT S eslizal i
N ealisal b os ol 5 (5,56 5l (e slin (Slaptinn > Shas
Priority- <8 Sl eslimal b i, opl ol odidil ) GlzaT g5 o)

Sy V] sl 0ds g3lde 38 bt uul 3 5 And

Journal of Control, Vol. 15, No. 1, Spring 2021

Ve Sl o) osled 10 dor oJ =8 dlos


http://dx.doi.org/10.52547/joc.15.1.127
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.1.9.4
https://joc.kntu.ac.ir/article-1-752-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20088345.1400.15.1.9.4 ]

[ DOI: 10.52547/joc.15.1.127 ]

X .,

ARA

T ezl 35 b yliin it b (a3 (sl 5t o &S5 (41|

P Gl Lo e ¢ )5 )5 !

Fﬁ}w@gﬂ\)@%,lmwxh.;ﬁ@
Osls Ol Gl 1y s lwans AS o Ol 1, OT 8L, s

Wl 02810 Ede 55 gy S

£ AL s ¥
e Soxd g cliha (6l piie 5 () Sl s (glagtnn
S3bal I &G 4 Lo e 5L ) S8 S e 2l )
t=disd 55) a8 5o e e Ol )R 6yl i gai 0553 L ((E))
.\mi,.,la;,;1)_;)\.\_:.&(,:“?&.@\,4,:;)“1@4{&?1000
N BN uS o Jos Sygo opl & Kpp) SlanT S5 Gy i L oS
5 oole pllis wsl YL edi i gabknT I ol (g4
35 ol i Bl 5SS OT I Gl G5 N S So5e )
WL =1 e 53 .G 650 L5 b b B)
S agad o e b Spse cpl 5o il aly i (e ol OT
N B KEV O S P QU G P WS KEV o
Sesls 5 Jb 5 slaesls Olsea 1, x(1,1000) claosls ) Jﬁ:« 3
Lloks 45 & b s Jla e leesls Olses x(1001,2000)
AN U Glan 5 S Do el oyl Jleil JEs w5
5 dly b 4 by Jeol JEg Wb S5 ol s Lledks

e 0313 QL P(X) 5q(X) b e 5 4 Jbe e

200 400 600 00 1000 200 1400 1600 1600 2000

I T

hreshold

Abnormal Data

[} N
| Fault Time

1
1
1
time

ol S S 4 slzb 1) S8

pdf

Normal Ref
Model q(x)

Abnormal Ref
Model p(x)

N e IO LR N

Coald &5 G 5l ealinal b Js o 51 s ¢ gy ol 5o 20550
(V4] 53355 g0 0313 et s (slacs ol (GLRT) 4l g
aoxdu y6 53 dbo i Ll o 4 bgje glaesls wlul , GMM Jue &
o Fod Jas s s EM 22038 a5 ¢ gl SO 3 o
S o3kl b e (4 8 o 55 PCGMM 0T & 45) sl ool
ooty (Zald Ole (MD U NLLP o6 &) s ls o 5 dis o
o OT (53,5 kT K 0313513 53,55 gn ot Lol (51 p ST
Cor s s G 5 [10] 03 b e 031 el (e 55
Joli oolginy Je 0T 534S ol oddslgiiny 4:$.TAT Jbe e
Je ;o 53 55 50 owll sboldl sluws 5 k Sc.wlkslmd.\.ak
(S 3l (28 G S EM PCA (slagz ) S (5,55 b o
laosls oS4 ol b e nl bl okl g
owgf@l@m.slgowk;md.u.x;,;Ja.«};ol};dba.xﬁ;ﬁ_
3 G ((Salys St 1y G ) > Shes e
3351V ] 3 il s canlie e sline ,E Wl Il L b (gla
s et gy HMM) it 05585k Jde s GMM Jue
PCA 5IGMM Jda ‘551&%5‘«)9}96f ol 53 Sl oboslizal
el oioslizal SLSN DMLl ol g Slwlons wonm 28l (51
bl ossy 2 HMM Jue Sloales azem L 8 das o 0L 18
-YYD 6J§i° G-IJ» Sl 2215 GMM Jus & Cd (5 20 2O
Alosls plowh alia w8 e ol s S5 ([Y0

Jsame bty 53wl m55 L L Jlidss 0550
bk 5 03,0kl (5B Slaml dsle Jlkin (slagtacw (1 b
(S IS o LOT 3 &S 5,15 355 ol bl Sl olis 411
b 0T (gla pie 8, & Ljls 4 on o300 oS b 5 L0
L g 6\,» ol 33 shie oS atesl ladde 1 eslizal
has Wia ol 55 b 5LSET g (ald sla sl
n Jloal J&a w55 5l e Sl 536 48 335 a1
ol s jedeis Cle oy 5 S35 LI s OV (s
S g 4 ol e Jlel J&s sl alaly s,
W iy ST 4 g ge s By I O 5 35l o0
ChB st oo s S sl sshe o Sy s
G}jqjlmtghﬁé;ﬁdjjgdlﬁ.a Jlfﬁ..&ilgdlﬁ»l:&;)&g
Al e b

03358 oo P30kl 5O sed dlie ) s edd ]l Cllas

s 0T bl sle e ls 5 4l Jldis gt Jime & ¥ sy

Journal of Control, Vol. 15, No. 1, Spring 2021

Ve Sl o) osled 10 dor oJ =8 dlos


http://dx.doi.org/10.52547/joc.15.1.127
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.1.9.4
https://joc.kntu.ac.ir/article-1-752-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20088345.1400.15.1.9.4 ]

[ DOI: 10.52547/joc.15.1.127 ]

e T Jlaiol 55 Sk ke b (Slais 3 (51 p 5itn i &S5 (5401 .
AR Gl Lo, ¢ 55 s o)

Density

0.02 0.04 0.06

0.00

N [ I I T T T 1
5 0 5 10 15 20 25
Value
D sla Sl b3 w555 o Slo kiS5 sl w35 7 S
10 5\

R 5 Do ol Jil JEs ab oSS b

258t

K K
F) = Zlkfk, 0<iA, <1, Z’l" -1 ®
k=1 k=1
Mes ek osls a2 samn & Loy o Szt J&o w6 firOT 55 &8
ko= a5 dab o oK ae sz 53 baosls 03,5 515 Jla|
el Alie ol 55 0l S5 Slalllas (glasyse )3 . Cwl Ay p3 = §)3
ok 5 g S T 55 Gorins S5 Szt S
Jis wdgi 9y (B T
S eslizal L OT 55 o8 ol dae 2 (e hs) &K esolgiin i)
Qs 5 dloji Bl sl Szt JEs b 53 (Su )l (slaosls
sl e e gadie 5 4 b LOT & 55 ol Al (ot
ki iz 3l a5 sl cladide ol 3l eslizal b osab o Jle 5 8
los () 055 by 5 (@) O3l bl J&s o)
@Jﬂw&uu\ﬂw&u;)mw‘\AQT@@}:;,;};&
3,8 B
(NAD " jlazap st 65 Shee Il )
J""‘*‘“r‘*r“f(‘ S a3l (AR Gl (e (Il ol 53
Pi S kiqib s 3L, Ghdse gl s ails 15 - opl s
pi = kyq; J,,z,fm\,uu@ggat}Jtpwmg,l;ﬂ
S G303 mpen 35h e lia" S 3l e (B 13
(e1q <Pi <k o=) 2555 535 8 Ly, I pliS Tz
Q\;chjy,bﬁ@"jmJ;ML;\Jia:b»T" Sl 5,15
(0 < kg <hp) sl o b sla byl ey sky &

A" Jaza" o3 Shae I Y

2 e S ol pat i e 2 DI b5 Gl
e Sl (b5l Spatls n Fegs 51T A (el oyl
dwlone 4l 5lAEs (2w 15 5 S om0 AAD 53 MAR FAR oo
Gl s edipale slajliia &5 FAR jasls (Y9)]) £ss
ol ol i w6l a3 o OLE |5 b 5 &> Shes
S B B Y

FAR = f q(x)dx = q,

Xep

S Al Y USE Y et gy s Sk Xep B8 sl o

)

“““rf Slayliia 55 MAR asls .ol sdiionls 0LiS 355 5L
pres Sl 5 o O ) ot Jleji 8 tS’JQ*-‘ s

IJ}..:sa uﬁﬁﬂ) QJ}&QLQHJ‘M
Xep

MAR = f p()dx = p, ™

—00
oele il Y S 5 Y canl Prbs gdaly 4 S
ol Aas g DL 1y e e 3 (R 5B ke AAD
IYP] 58 00 G 8 25 St 4l HMEA ot 6 56 et Lo
AAD = h22 )
P1
5 TS LY UKo 15 F 5 ¥ (s s g 25 law Pr &S

Sl o (Wlodd sl 3,

S3lgity AL i i

Ol Sl &y ooty dienal &5 g oy el Js
2sh

WT &Iy -\-Y
Sl e @8l553 Lol Szl 55 iz b 5351 (oS 7wl w55
U gn S5 0315 42 gama i 3l 557 ol ($okins S5 polas
sbpss ol S s ) s 4 et EIF e peme 2 &S
ol esde Al o aedin b oo ,nedSS Al S e codins LSUES
b gy 55 I3 b (Son w557 ot S5 sl 5 5
il £ 5 65 s Wi s cal 3 e pp il e
S 35 e S s o 0L |y T 55 KT IS L

el ok J S5

2 Alarm

! No Alarm

Journal of Control, Vol. 15, No. 1, Spring 2021

Ve Sl o) osled 10 dor oJ =8 dlos


http://dx.doi.org/10.52547/joc.15.1.127
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.1.9.4
https://joc.kntu.ac.ir/article-1-752-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20088345.1400.15.1.9.4 ]

[ DOI: 10.52547/joc.15.1.127 ]

AN T ezl 555 L libion e b slatt| gl Hlin (s &S5 (501
AR il Lo e ¢ (555 Js !

Gl 5 Jies ldia e I 8Ly sladiges @

Giid) wsb o OLSS oL

b oo Ol 3 Jitews Sllien ukte 58, 45 e LS

SO Shos Sl sl Sl ¢
Gl sy 3 eslil b sl SMEs e i ol s

o SBdde S 55 (Sl gl sh o b 5 s5leds

(g > 1,8, = 81 = 8) L5 Sl 35 Sy p0i 5 S

_(x_/ﬁ)z
xX) = e 262
q(x) Von
(e—py)?
xX) = e 262
p(x) YT ®)

FAR _psli (Sdmiloco —£)
I8 i 53 s idly)l Oloeb 5 4 a5 L 550 e 0lizal (q(x))

Al 5 D e ($3lghy e Sl Js

3l Gy OS5l du P S

& dzes SV (RTRA 5 NA) ef;) Lo ol Olas OVl

Lzea ltia SVl (RTCA 5A) K5 &Vl 5 ool o lasa
Sl ol SVl gamlous (5l ealizulsygo Jbo i o o Juto

Lleds eals QLSO J§.1 33 FAR (galow

Abnormal Ref
Model (p(x))

Normal Ref
Model (q(x))

pdf

ol 53 3ls Dl e Hade Candy 53 gt b ol s
Qi S kapib 5 slaza i 51 L ,s Gbsige sl ST iomss
Qi 2 bys 15l dals GL i Sl s ot (3l 16
Ddy el Tolaia0sn” Sl 4 gt 058 15, Ksp;
kipi < q; <&):ﬂ)\}ﬂé}éb}ﬁj\(‘.&f@ﬁ\f@';y;)z
SiaeiN Y- PRSINEN s sl o3l T" Il 540 e (s
0 < kg <ks) asbo b gls byl ks sky 8 ol
RTRA3) " jits ;s el ool (3 Shes e .7
SHgad Sl 5 wils 13 Al sl Sl 53 gt &S US55
(s Samed g ol 53 358 13k g <Py < kaqp La B,
o5 (815 s ano s T 81 51 Oliabsl S (s s
s e sdo sl eslT el (Al 4 b Sl 0ds
3505 Lol 6 (G150 (51 3003 515 S oyl 53 s 7 Lo
=P = bad sdm (BLos sl 5 eds b ol
Lo J?‘ S e So LI ks ieaai sk Il a;
4 e 33 513 53 byt S5 A Il e 55 35 U
Todres 53,8 oo Aol 8303 Sy 0l b 53 35500 NA Sl
[T pi s T2 @i polie sl S50 p5Y S 0 S 15 by 2
L gl o & S ST s bl | JBs i fol ¢
iid* 6,5 4 a5 b uoman s g0 Ol 1) OVl S Olan
& glasl 03506 5 i/ b SVl G ool dladgol O3
a3 o Ol 1) 4 pezme S 03 510l 58/ e 5 Jleis cae gamn
(RTCA) " jlts olas (sl 03bT" (3 Shes > ¥

ol e 53 8 S5l I L A5 s RTRA Sl b Sl
kap; < @ <L a A Sl 55 BV as o ajls 55 i
nl 93 355 RTCA Sl 5l s (2 335 135, ksp;
Mg = b5 Blegan BLos gosim—1 il , S
M2 g0 Sb,e $1sas, "NA" Sl 4 sty 13, ks T s
P r o G038 ol p A Sl 4 sl ke [T12 s
Al @al = SLRTCA Sl 55 Olioman 5585 Gooes YU by 3 )
Sl 3

et i Jlojipe 5 b (Susb slaesls @

Ko

® Ready To Clear Alarm

3 Ready To Raise Alarm
4 Independent and Identically Distributed

Journal of Control, Vol. 15, No. 1, Spring 2021

Ve Sl o) osled 10 dor oJ =8 dlos


http://dx.doi.org/10.52547/joc.15.1.127
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.1.9.4
https://joc.kntu.ac.ir/article-1-752-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20088345.1400.15.1.9.4 ]

[ DOI: 10.52547/joc.15.1.127 ]

e T Jlaiol 55 Sk ke b (Slais 3 (51 p 5itn i &S5 (5401 Y
AR Gl Lo, ¢ 55 s o)

_ (_ n(uf — ) - 252Ln(kz)>
e=P|x; =

2n(uy — pz)
Ly w55 S X1 )5 Ol o «Central Limit o2 Gl

. e . .6 é.
2 b 5 B opl Sl ealizel b oss B = il 5 i L

¢zl score
n(ui — ps) — 28%Ln(ky) "
e=pP| z> 2n(py — pp) _
9
Vn
vn n(pi-p3)-26°Ln(k;)
P ( z= 8 ( 2n(puy—p2) Hl))

AT e I8 wlie 55 LI

n n
f=P <1_[ pi < k3 * nqi [Normal Condition>
i=1 i=1

_ P<Z<ﬂ n(u%—u%)—Zr?ZLn(ks)_Ml))

-6 2n(uy — pa)
35 n e 5 s d IS 50 Gyl 8 amle b
d=1-e—f

Sie a ails d 5 f @ Gyl dE rslie 35 o0 otalive S lailen

Sl opl 55 widb s RTRA Sl 4 b gy o W)l ol il o

OT 5l o bab 5l (K4 5,8 oo o (4505 58T (o

S Sl (G145 303 35 Pl 1 S Ol g5 o ol 6355 g0 5l 5

0ile Jlazt 51 56855 RTRA Sl 51 5 5 et 0T 6151 &
s slea il o s

minn:e(n) + f(n) = d(n)

0T ¢ smrn 5 3 (ST 30 68 n 05 e ol Sol 4 a2 5 L
(pls M Ll a5

minn:e(n) + f(n) 2 0.5

oo A8 o i 1y B daly Sl gldie Jilus 710

bl 35 D poa B S 55 D55 le Jie 55 34 e sla )18

A
m m
j=P (l_[ q; = ks * l_[pi |[Normal condition)
i=1 i=1
< Vm m(f — p3) + 28°Ln(ks) )
=Plzs— = H1)
) 2m(py — pa)
m m
k=P <1_[ q; < kg * npi |[Normal condition)
i=1 i=1
i —u3)+28%Ln(k
=P<ZZ!E(MMIQ)_ n(d_yﬂ)
) 2m(py — pa)
l=1-j—-k

2 Dogea M alia 5m Al e ey M ol 5k g ol
3 b op Al

minm: j(m) + k(m) = l(m)
minm:e(m) + f(m) = 0.5

Jle 5 g o Jte) FAR auslos (g1 03lizals 5 5o o po Juba 10 JSC
sl el « Normal(3,1) Ju & J4s sNormal(2,1)
(b ok =k, =2k =ks =5ks =ke=1_~Ib
08T S 1) 1,108 SVl AL a) FAR aculos Cg
Slesliwl LF IS 55 0td osls 0l 0 s h g o b @ glayl I

AT o Gy 5 sl

0= [ atou,

Xtpa
X,

b=Qs= [, q)dx,

Xtp3
a=1—c—b=f q(x)dx,
Xtp1 -
0= = [ awx,

h=0;= f " q@dx,

Xtp1

g=1—o—h=f q(x)dx )

Xtp2

gL &S Lzwa ua._l.w\.?\:..»T Xtpa 3 Xtp3 KXip2 cxtpl\(b. Ja{b‘) BL)

ok arloes 5 aily 4

q(x) = ks.p(x) > x
q(x) = ky.p(x) > x Xtp2
p(x) =ki.q(x) > x = Xtp3
p(x) = ky.q(x) > x = Xtpa
Vb Sl s syl Wyl e 4 by e VL] sli

Xtp1

v

Jlast @ 8 L8 s ol oo & Soyse 4 (RTCA 5 RTRA
5 s Ol 1 "A" S 4 "RTRA " Sl s JUa

Dsh o0 dwle 5 D) g0

n n
e=P (H pi =k, * nqi |[Normal conditi0n>

=1 i=1
1 _w K
- = -
P (5\/%)"6 28 >k, *
1 _Ebem)”
i — 2
(6\/%)” e 28
D Coi—pa)* =N, (ri—pq)?
P e 262

p 27171(#1‘#2)2’"(#%‘#%) 1
26 <
e = /kz
Juj g dbe g a2l 5 850 M o S0be FTOT o o
ke S LN s s Sote 51 8 e sl e (X))
M>1 (65 558 ol p)Syged
e=P ( 2n% (g — 1) + n(ps — uf)

< 26%Ln (1/k2))

ol I sl oty — U < 0p 5 Syl a5 L

Journal of Control, Vol. 15, No. 1, Spring 2021

Ve Sl o) osled 10 dor oJ =8 dlos


http://dx.doi.org/10.52547/joc.15.1.127
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.1.9.4
https://joc.kntu.ac.ir/article-1-752-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20088345.1400.15.1.9.4 ]

[ DOI: 10.52547/joc.15.1.127 ]

\YY

T ezl 35 b yliin it b (a3 (sl 5t o &S5 (41|

P Gl Lo e ¢ )5 )5 !

xtp3
a=1—c—b=f p(x)dx,

Xtp1 -

0= = [ "peix,

h=0,= f " pG0dx,

Xtp1

g=1—o—h=f p(x)dx

Xtp2
e=P([[iz1pi 2 ky *
[T q; |Abnormal condition)

v n(ui-u3)-28%Ln(k,)
= > (a7 - e
P ( Z= & ( 2n(puy—p2)

Mz))

f =Pl pi < ks
[Ti-1 q; |Abnormal condition) =

Vo (n(uf-p3)-28%Ln(ks)
P < Z=7 ( 2n(us—Hs) MZ)

d=1-e—f
J=PUlZ19i = ks *
[, p; |[Abnormal condition) =

vm m(ui-u3)+262Ln(ks)
m m(ui-u3) 5 _MZ))

< =
P(Z_ § ( 2m(us—p2)

k=P(I[Z:1q: < ke *
[T, p; |[Abnormal condition) =
Vm m(p-p3)+28%n(ke)
P ( z225 ( 2m(py—i2) ﬂZ))
l=1-j—-k

5 MAR Losls gl Sl I8 o 5l g o dmloue
53 5lia b el Jleal MAR 335 o domlons A sl Jow 5
33 e 355 el Ssoslen L b s
10 aes e 05 LB Wl Il s 1, "RTRA" 5 "NA" lacdl>
D3 dals 5 D) 504 MAR

MAR = $;(t = ®) + S,(t = ») Q)

Silwdms s -0
LsTbJUa.a:)}a.ug-‘_;431)!\;.6:%;)2))&1)\5‘_;.59@1);
= b olgiin Slbe e s Slas oJsl 3550 53 355 0 (o) 2
sy b ealimal b oedeT oy El S 5 old awlie U
sldde L slaesls i 93 y5m 53 d5d e 0305 DL A
o oslazul Jbo g, 5 Jbp OV (giluans ¢l 4:>:._.;T &
Wlod S5 8 w55 53 ) abmaT (gladite 51 IS 8 oo
Sladis Cpads gl o 3 adde s ) sl il 31 5T idw cpl s

r}»aéjy‘).).g;w\au\.;eé‘.:bw}_;)‘mw&‘)g&j)c@f

Staaloen b AS o 513 515 558 abasly 7 Gl (g s folu>m 1)

S b a5 b S sl SCis 1) S e 5l Ol oo a1 sl

Sl oF
a b ¢ 0
_|f d e 0
¢ °© 0 h g W)
J 0 k 1

3 5158 s Ol Jlez| g gazn b ol ) FAR st s 51ie
J T (£) 457 o 5 E wile Il 5 "RTCA" 5 "A" lac
Sz ol 33 Am3 LSyt (gelimd 3 ol g.suﬁ‘.;,‘._.w_;,;);
5ri)"

() = {my (1), ..., ms (D)} @A)

n(t) =Q"mn(t-1)
Ll B wl I s s - 1

m(0) = QTm(e0) X))
o B
11 () + 1, (0) + m3(0) + my(o0) =1 \y)

355 o dwwlboun HE Wl Sl 370 s VY 5V Lalyy Sl eslizal b
395 oo anloe FAR 5 (gabail ) loslital b

FAR = 1i5(t = ) + m,(t = ) ay)

MAR a5l (gdmilone —£-Y
e Jde I 345 o awlee Jbojiye Ll o 5 MAR

3 n oolial # SE 53 0 0ol Ol (P(X)) J i b

Normal Ref ) Abnormal Ref
Model (q(x)) | / Model (p(x))

O
@ S MAR lons (gl o3limls s 0 oo o Juda 17 S0
s bl « Normal(3,1)Jb 5,8 Jde 3 Normal(2,1) Jb
(b oy =k, =2,k =ks=5ks =ks =1 I b
Je slayllE SVl L sl 55 MAR (el Cog
oa i 3 Ul aculous alie g, 4 45 358 druloes 38 e
3 8 o aralons 5 &5 50 FAR
¢=0Qi= [, pl)dx,
b=Qs= [, p(dx, ar)

Journal of Control, Vol. 15, No. 1, Spring 2021

Ve Sl o) osled 10 dor oJ =8 dlos


http://dx.doi.org/10.52547/joc.15.1.127
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.1.9.4
https://joc.kntu.ac.ir/article-1-752-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20088345.1400.15.1.9.4 ]

[ DOI: 10.52547/joc.15.1.127 ]

e T Jlaiol 55 Sk ke b (Slais 3 (51 p 5itn i &S5 (5401 P
AR Gl Lo, ¢ 55 s o)

AL 5 Dok ke it S ST 5

x(t) =
{gmdistribution([2,4], [0.20;00.2]), 0<t<1000h
gmdistribution([3,5],[0.2 0; 0 0.2]),1000h < t < 2000h

Jl| JE b e KL gmdistribution(u, 0) o7 53 &
25 (B 53 brl 53) mb dir S5 5 Sl (w8 (gl
el gl i)l p2 b 0 il S e e 5 RSl b g S
auld plawil Vo e e SO L8 50 3l eslizal b (g5 lwand ol 0kd

20T mls s
Sl i ot b b el il ool QLAY J g

Llodds ub;b‘ P Sy eel

k1 = k4 = Z,kz = k5 = 1000,k3 = k6 = 1

Seslial b cgalgiin Hlin pruem oL5)1 GlajasLi Y Jod

p> FWlan 3,50 glpVeenen S 8

FAR MAR MTTA

Monte Carlo 0.0011 0.0011 | 5.1443

2345 ) shiles

b Gl ol slie aSuls ol 558 e odalin ¥ gl
e (sla e (g HlAis wtcs Lol LS sl o] s &) oy
SJLAJJL;:;L;& So3k 3 Ll ails Jsd LB ;;mramﬂ
FAR =) cl wsls Lale jluin 1.1 580k jbacosls Vere Joli
63 Shee (503b 53 slia ol s Sl dm penes (0.0011
MAR =) cul saial Jaia 11 o Kle jsba 55 by
Gt 6505 0 L L) ol S b 02 59004 .(0.0011
alie cpl e dle el 03,5 3l Jlia 5 jaseii 1) e b Il
sl 23.0144 432043 Cssam N

Iy losls g a4 558 = ae Jlu pl ol San bt 55
el ol g ol Dl ©p b 357 e e b Lo 5 015 0
il 855 SIS soslble dus ) slaw S s, Bl I &S
GBI 5 o |y ) 55w g9 o il oo 4T 55
e b &S 358 e ola el sl il 4 e aolel sl
St 3Lasge S35 sl 5 Slvloms oo IS (5l 45 Wigh 033
sl ol 51 050l S [YV] das e LRIBI 1y cpmeds
e 2 G (g o Sadds rass gl 0 3) ke 5
@35 SLIs )0 (el 53 ol o3ls Ol I 505l Lin

Sladde 5 31w U sdde Ly (A3 o Jka 50 b (glaiueT

d\)g.@la.\muwTG;}:gMggjtg.sb‘-;a,ggg
Sl b Sles 1 S s S5 as s I Ji
poler GWlae 555m 53 ol 3 8 3 o) 13,52 DAMADICS
U s (sla g sl 51 (S b amlie 53 3l hss F5e 3 Shes

el 8 6313 LS (G ) (6, b

Jol SWlae 3580 -0

AL 5 Dot B ke e S ST 5

Normal(2,0.22), 0<t < 1000h

t) =
O =y 5rmal(3,0.22), 1000k < £ < 2000k

dlal J&e b S SL Normal(uy, 01%) 0T 55 o
W3 p3kai 3 o sl el O3 bl 5 g SSbe b oS
EE s edd el Verr e ST L S g Sl eslizel b (g jluacs
M e b (6l ey el iasls 0L Y Uy 53 0T
Ao Sl 5 o) sy (g31gkhy

k1:k4:2,k2:k5:5,k3:k6:1

Sheslamal b ¢oolgiin Hliia e 230! sl jesla ) Jad

Jsl Slalllae 3550 gl Vevenn SIS S

FAR MAR MTTA

Monte Carlo 0.00239 | 0.002401 | 1.0149

Mathematical 0.0024 0.0024 =

Analysis

03k 93 JMES 0t 555 0 odalin | Jar 55 S shailes
wils ble Hluza 2.4 (Sl b vl Ve Jols o s g3 Shas
23 slia gl el Sl de uees (FAR = 0.00239) .l
Sl ot Hluin 2.4 - Kile 5 ob 4 55 (b e (63,Sdhes o)l
6305 6 L) S5 o b e o Doy (MAR = 0.0024)
ol 035 sl ldia g oesls Laseis |y Jbid S (b
SosaT oy gl b (Bl o Sl odaT iy p3lie izean
AM 3N 53lie oyl e gdle dius (65U Ol (glyls 18050
LG5 Hlin e ol ga AL 0 2.0058 5 2.0046 s ;5
Gl 5,15 ot Sl 1 dm coddpasie b sl il
2Ly Jin Coalad b oS 5,05 U 4sed 53 4 T s ilesleT
S ok

P9 SWlao 390-T-0

Journal of Control, Vol. 15, No. 1, Spring 2021

Ve Sl o) osled 10 dor oJ =8 dlos


http://dx.doi.org/10.52547/joc.15.1.127
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.1.9.4
https://joc.kntu.ac.ir/article-1-752-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20088345.1400.15.1.9.4 ]

[ DOI: 10.52547/joc.15.1.127 ]

Yo T ezl 555 L libion e b slatt| gl Hlin (s &S5 (501
AR il Lo e ¢ (555 Js !

i 05 e e el b T B a5 0 51 e b slade
mo3l3 5 LBl BN 3 5 Dlislone o (11 (33 5udome 457 35 503
Sedie iy 6l Sl g il s 5 BT Su b s
355 o3litul (g i glade 25

Pow SWlao 390 -T-0

U155 2 8l S el Rhas &5 jlemnty ¢S5 (DAMADICS
b Klos 53 (FDD) s 0530 5 sl Caliies gl b,
G b S ey p) 350 IS o0 L 0T (st lie 5 i
L YerF-Yeoy gladle ;> (DAMADICS Research Training
G303 4 (5 ol oy g 5 b 0305 s 5 T 551 O ereneS” o le
S B L I P e S CR AN WS
st O dase al 31 (S Sl or il e 51 Ll
58800- lej cojl 5o YooY Jlo ST¥ 55, 55 "Bypass L
0l3) Cl sl g Sasll oT @ 5 Jlsl (e « 59800
JAS 6l o8 5 Mles 4 e o) (Wil 5 S ()l 6505
pbgr oalital pis Galiios 4 Gl SBIE L mle (03555 0L~
s osls 0Lt V S 53 Klas cpl & by je ] 3 .l o Jles!

[YA]

)‘““i‘“(':“‘“-“‘”‘-;‘ﬂ ‘_;:JQ.»& Sl yesls g odd 05 e ogline
.-\”a.'\.ATY'J}_\,.. 2 c‘,l:djiuv‘ ol Ml,y.
e e Gl jo 53) e (gladile 3 il 31 56 Ui

(e LSS I i) s s (25l sla e L 5, (o 0

Number of
FAR MAR MTTA
Sub_models
1 0 0.879 912
2 0.0142 0.0119 36.8
3 0.000081 | 0.0000265 15.6
4 0.000083 0.00018 7.65
5 0.000303 | 0.000252 4.349
6 0.000352 | 0.000338 | 4.4466
8 0.000398 | 0.000336 | 4.5213
10 0.000272 | 0.000314 | 4.4645

hdv\.ﬂj‘) 3ldas u':“_‘f‘ m)_isa odalice ¥ J}-b- BE) 6)}]44[.@.&

(5‘f @‘)l{ S 9 U‘-'-‘ Sl ol )‘v\.&.ﬂi r'l.m:.w d_blf S 9 :,.9\.1

(O = {gmdistribution([1,3,5,7,9], diag(0.2,0.2,0.2,0.2,0.2)) , 0<t<1000h
- gmdistribution([2,4,6,8,10], diag(0.2,0.2,0.2,0.2,0.2)) ,1000h < t < 2000h

k1 =k4=2,k2 =k5 - 1000,k3 =k6 =1

- o
@Iﬁ‘ !

kPa

o

B ¢
@_ﬂ-ﬁ o)

—
Fs1_orm-/h

(Vo)

& European Commission

Journal of Control, Vol. 15, No. 1, Spring 2021

Ve Sl o) osled 10 dor oJ =8 dlos


http://dx.doi.org/10.52547/joc.15.1.127
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.1.9.4
https://joc.kntu.ac.ir/article-1-752-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20088345.1400.15.1.9.4 ]

[ DOI: 10.52547/joc.15.1.127 ]

cé;:anlabl @;,;p)\mﬁpéugtﬁélj)\mweﬁwém,l Y7
Z . B . .
AR Gl Lo e sy Js —s!
60
T ] \ TV, \ T
1 Y Mo, 1
50 - 1 o, el MWM’\MM”NW\\ _
> 1 vtV 1
@) 1 "
40 ! ‘ Fault period ! \N n
O S TN me&’mw‘ﬁwwwwww\/w ; "W\WMW
| | | | | | |
30
5.8 5.82 5.84 5.86 588 59 592 5.94 5.96 5.!}8 6
time «10*
Ei g 0.3 \ I f
s 5
E& 2
SBEON2- Normal Ref Model Abnormal Ref Model —
233
=& 5 0.1 —
E X
s E oL | | | | |
z £
25 30 35 40 45 50 55

Ccv

weaT WU Lodd 035 (et o o Sladube 1y liliin iae VLA JSs

(Y] o) 35 s 0alial 5 63 Shas ozt ls Sl alin gl
Cost Function j(kq, ks, ..., k¢) =
FAR MAR AAD Sto)
Wizrar " W2 raar 7 W3 Raap
0LS; Cg= RAAD 5 RMAR (RFAR )5 N\ i, 5

C.,.:«.A‘ u.::a.? 6‘Jf Lﬁl‘k"’)) W3 3 Wy «ng._,a_\fpl 3 \Au,a:-l.& QA;
) o (Y] e e .ug@,lmww,ﬂw sl els
Ll ubﬁ;\ j',") CJJ}«JQ

wy =1,w, = 1,w; = 1,RFAR = 0.01, RMAR =
0.01,RAAD = 10h

03 Sy oy 5 Sl Sy sl g bl sl ele

R oal O d).,\>

@3l oy b Gy S, 2 anlie 0 g

Methods FAR MAR MTTA
Reset method 0.0507 | 0.0098 | 80.3826
Proposed method | 0.0036 | 0.0034 14.49

Al o 5 Do g BB 3 (b ol sli

Proposed:k; = 1.5k, =170,k3 = 1.2,ky = 2, ks =
140,k = 1.2
Reset:n =8

238 shilen

31eBs e gl oolgiiy oy s Shos 555 oo odalive & Jsulr

e 5l Rl ¥ 5P s o 5 4 MAR G FAR (la e ls ot
V) 038 as Gy s 3l e ol 20 5 A MTTA (e li
56.6174 Cs ;5 a oolgdn oy slpm s polas Sl S5 4

A rap I 5o Gl ol 4 e s
5 db e gladide ol ol (Control Value LC51_03CV)
035 s A JS D o il J& b Sl oalizel L Il 8
Jde 4w 3 & G slada (‘JSJA Sl S5 ()'Y Al
loks |5 &

25 b slabl 5 G e e gladde ) eslind
23 5 a6l 2L 551 Sla e

Llods oals QLS J g

ky =2,ky =50,ks =1,ky = 2,ks = 50,k = 1

Shesleal b onlgiin Sldin (e BB R YL UPRES

pom Sl 550 gl Ve SIS S e
FAR MAR MTTA
0.000019 | 0.00047 | 0.1421

b 4l i (e 355 0 odalie O gl 3 &5 shiles
Opepas Aad eS| gt 4 (Jlasl Cus gl Doy 5 28>
sl 22,002 52.001 55 4m 57 sl

Polez SWlao 3590 —0-£

Sl el 53 Sy ol b gnlgiiy Sg)y (2 i opl 5o
SIS b sy iy & STl Ll 553 r duslin o556
e 3 el 53 1 5 1 abenT Jla| S U litin e 1
Syge cnl 3 Sl oddeslitul whnl b sl J&s L (s ltis
Sl e IS ol 0k o3l [4] 55 0dd S73 Jlie 51 Slalllas
A 5 s ) Al

Normal(0.5,1.5%), 0<t<1000h

t) =
*O =y ormal(15,1.52), 1000k < t < 2000h

Journal of Control, Vol. 15, No. 1, Spring 2021

Ve Sl o) osled 10 dor oJ =8 dlos


http://dx.doi.org/10.52547/joc.15.1.127
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.1.9.4
https://joc.kntu.ac.ir/article-1-752-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20088345.1400.15.1.9.4 ]

[ DOI: 10.52547/joc.15.1.127 ]

\YV

T ezl 35 b yliin it b (a3 (sl 5t o &S5 (41|

Al Lo e ) s !

3 Sl GIT ()58 (ol igr (Bl oalibee d5 [V]
03 S Bt b b el Glos o iecSS Hts i (b
oyled V4 > (P dg.::&n 2] PICSA S Lg}:fa)".b" sl

AYAA NVFO-NVNV00 Soleds O

[8] Kaced, R., Kouadri, A. and Baiche, K., "Designing
alarm system using modified generalized delay-
timer"”, Journal of Loss Prevention in the Process
Industries, vol.61, pp. 40-48, 2019.

(3555 5L shge (AR Gl Lo e ( ST 5 all Jinr [1]
e S5 (b (30558 (6ol (sga Bl e3ljars A
ST (655l e 6 U (sla os63 SS5 Lo it &S5 Ikt
Dok O o)la Bt 7 3y goige e

AYAA A VPO-YVVOY

[10] Wang, Z., et al., "Indexing and designing
deadbands for industrial alarm signals”, IEEE
Transactions on Industrial Electronics, vol.66,
no.10, pp. 8093-8103, 2019.

[11] Afzal, M.S., Chen, A. and lzadi, I., "Analysis and
design of time-deadbands for univariate alarm
systems ", Control Engineering Practice, vol.71,
pp. 96-107, 2018.

[12] Tulsyan, A and Gopaluni, R.B., "Univariate
model-based deadband alarm design for nonlinear
processes ", Industrial & Engineering Chemistry
Research, vol.58, No. 26, pp. 11295-11302, 2019.

[13] Montgomery, D.C., " Introduction to Statistical
Quality”, (5th Edition), Aug 2004, [Online]
Available: https://www. wiley.com.

[14] I1zadi, I., Shah, S.L., Shook, D.S., Kondaveeti, S.R.
and Chen, T., "A framework for optimal design of
alarm systems ", Journal of Process Control, vol.42,
No. 8, pp. 651-656, 2011.

[15] Chen, J. and Ron, J.P., “Robust model-based fault
diagnosis for dynamic systems”, (first Edition),
[Online] Awvailable: https://www.springer.com,
1998.

[16] Cheng, Y., Izadi, I. and Chen, T., " Optimal alarm
signal processing: filter design and performance
analysis ", IEEE Transactions on Automation
Science and Engineering, vol.10, No. 2, pp. 446-
451, 2013.

[17] Yu. j. and Joe Qin. S., "Multimode process
monitoring with bayesian inference-based finite
gaussian mixture models”, American Institute of
Chemical Engineers, vol.54, no.7, pp. 1811-1829,
2008.

[18] Veracini, T., et al, "Fully unsupervised learning of
gaussian mixtures for anomaly detection in
hyperspectral imagery"ninth International
Conference on Intelligent Systems Design and
Applications, Pisa, Italy, Nov 20009.

[19] Yu, J., "Fault detection using principal
components-based gaussian mixture model for

Gyl by )5 Hldia Hede 4 436 &g\ 2ol (oalgiiny
el b e o ite 6l Ll5 or Sl aiienaT 55 b gl ine
L il g s Sles

S 5 4o 1

5 Slas 5 el 33 & i galawlsa ldia Sl (b
el Sl @Y Sl Sl )l pne lagtes il
N o 5 8 o2 L L ST e sla e T 55 500
s abaT b 55 655 Lo g 5 8L T w55 Slols o £ 85
Oty S r s LI sk n iR (e 1S LB o se iy
P bl Gl b cmbie e s S L a5 LB
SMir (s b gl (s lae ol 53 550051 LI wea|
b iy opl by Jabow el sdsdil )l abeneT il sla e (51 5
s Ses el o gl ol Sl &K 6l 958 5le Jke 3l eslizal
ol o3ls QLA Bly 5 (ilwand Jle Lo Gl b algiin )
53 salgtn o) e 3, Shes Slallae glasyge 51 (SS s Se

Sl o 03l OlE5 (6, b gla el 53 Sy Gl b s lie

DAMADICS &S jleoss sla Khes 31 (S 55 2 Lras ol oomer

RS PRV éjl.wo:l:.é

&y
[1] ISA, (Instrumentation, Systems & Automation
Society). “Management of alarm systems for the
process industries”, North Carolina: ISA 18.02,
20009.

[2] EEMUA, (Engineering Equipment and Materials
Users’ Association). “Alarm systems: a guide to
design, management and procurement”, 3rd ed.
London: EEMUA Publication 191, 2013.

[3] Su, J., et al., "A multi-setpoint delay-timer alarming
strategy for industrial alarm monitoring”, Journal
of Loss Prevention in the Process Industries,
vol.54, pp. 1-9, 2018.

[4] Taheri-Kalani, J., Latif-Shabgahi, G. and Alyari-
Shooredeli, M., "On the use of penalty approach for
design and analysis of univariate alarm systems",
Journal of Process Control, vol.69, pp. 103-113,
2018.

[5] Lin, J., et al., "A generalized alarm delay-timer’s
performance indices computing method", Systems
Science & Control Engineering, vol.6, pp. 297-304,
2018.

[6] Aslansefat, K., et al., "Performance evaluation and
design for wvariable threshold alarm systems
through semi-Markov process”, ISA Transactions,
vol. 97, pp. 282-295, 2019.

Journal of Control, Vol. 15, No. 1, Spring 2021

Ve Sl o) osled 10 dor oJ =8 dlos


http://dx.doi.org/10.52547/joc.15.1.127
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.1.9.4
https://joc.kntu.ac.ir/article-1-752-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20088345.1400.15.1.9.4 ]

[ DOI: 10.52547/joc.15.1.127 ]

e Jlazrl 55 b 5in it b Sl (5lr S MR s 55 (5401 \FA

AR Gl Lo, ¢ 55 s o)

semiconductor manufacturing processes”, IEEE
Transactions on Semiconductor Manufacturing,
vol.24, no.3, pp. 432-444, 2011.

[20] Choi, S.W., et al., "Fault detection based on a
maximum-likelihood Principal Component
Analysis (PCA) mixture”, Industrial & Engineering
Chemistry Research, vol.44, no.7, pp. 2316-2327,
2005.

[21] Marwala, T., Mahola, U. and Nelwamondo, F.V.,
"Hidden markov models and gaussian mixture
models for bearing fault detection using fractals",
The 2006 IEEE International Joint Conference on
Neural Network Proceedings, Vancouver, BC,
Canada.

[22] Wang, G.F., Li, Y.B. and Luo, Z.G., "Fault
classification of rolling bearing based on
reconstructed phase space and gaussian mixture
model”, Journal of Sound and Vibration, vol.323,
no.3, pp. 1077-1089, 2009.

[23] Bashi, A., lJilkov, V.P. and Li, X.R, "Fault
detection for systems with multiple unknown
modes and similar units and its application to
HVAC", IEEE Transactions on Control Systems
Technology, vol.19, no.5, pp. 957-968., 2011.

[24] Yu, J., "A nonlinear kernel gaussian mixture model
based inferential monitoring approach for fault
detection and diagnosis of chemical processes”,
Chemical Engineering Science, vol.68, no.1, pp.
506-519, 2012.

[25] Yu, J., "A particle filter driven dynamic gaussian
mixture model approach for complex process
monitoring and fault diagnosis”, Journal of Process
Control, vol.22, no.4, pp. 778-788, 2012.

[26] lzadi, I., et al., "An introduction to alarm analysis
and design. IFAC Proceedings Volumes, vol.42,
no.8, pp. 645-650, 2009.

[27] Wang, Z. and Scott, D.W., "Nonparametric
Density Estimation for High-Dimensional Data -
Algorithms and Applications, vol.11, 2019.

[28] Bartys, M., Patton, R., Syfert, M., Heras, S.D.L.
and Quevedo, J., "Introduction to the DAMADICS
actuator FDI  benchmark study”. Control
Engineering Practice, vol.14, pp. 577-596, 2005.

[29] Xu, J., et al., "Performance assessment and design
for univariate alarm systems based on FAR, MAR,
and AAD", IEEE Transactions on Automation
Science and Engineering, vol.9, no.2, pp. 296-307,
2011.

Journal of Control, Vol. 15, No. 1, Spring 2021

Ve Sl o) osled 10 dor oJ =8 dlos


http://dx.doi.org/10.52547/joc.15.1.127
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.1.9.4
https://joc.kntu.ac.ir/article-1-752-en.html
http://www.tcpdf.org

