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Abstract

: As many industrial systems become more complex, it becomes extremely difficult to diagnose the

cause of failures. This paper presents a failure diagnosis approach based on discrete event system theory. In
particular, the approach is a hybrid of event-based and state-based ones leading to a simpler failure diagnoser
with supervisory control capability. The design procedure is presented along with a pump-valve system as an

example.
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Fig. 1. Pump-Valve system.
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Fig. 2. FSA G; of components. (a) Valve, (b)
Pump.
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@ 29 FSAYAM X, ={Stuck closed, Stuck_
open}7} H31 1L A3 BZEIS olWEC]Y o
B T,.=23,0th 1Y 29 @My}l PYre FSAZ
g3 FAT At 2" 3o) vk 29 3904 B
ZE715 oHEE HHH)E FHoz Yeiyu #=
7t oMIEE Adez JeEhdh aga 2§ 464
25¢] @AIVE P37l % AN A EE e
Wtk o714 Ao HH AEE  C={Open_valve,
Close_valve, Start_pump, Stop_ pump}o]th.

olal A4 <dole] Wi HAd Aoyt  BE2NE
o] &, A7) SE T3 o] a3l o
e 11D)E AFg-sok ste=dl ol DES HAE ¢
AZEd o] TCTBIE AMHE-SAR Faid #eAlol7]
a9 59 et eln #ElAe)v)e Ao §
g X 19 Jehhch mlxgte g DESY FSMA
F87] AshA 29 39 G 2% 59 SE FEFH
gAstd GE Tt e Moyt 1§ 59 FYEA
2ol F, LGO=L(S/G=L(SNL(G) =L(S)7}
Ao o8y GE ¥ 59 SdA ZEue
xni=1,...,129014 g4,i=1,..., 1222 dyd g4
718 9k 283 DES 69 Ao ¥3E 5 , g4
B Aozl Aol FF gAM AHE x,i=1,...,12
oM g;i=1,.... 1202 ddid g-S&A7IH g4 Lo

2
2

L

o I o e gy Jo

I 5 #EA7Y FSA S.
Fig. 5. FSA S of supervisor.
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Table 1. Control map ¢ of example.

.Close_\rdve

—

State Control Command C
X Open_valve
X2 Start_pump
x3 Stop_pump
X4 Close_valve
X5 Open_valve
X Start_pump
X7 Stop_pump
X3 Close_valve
X9 Open_valve
X1 Start_pump
X11 Stop_purnp
X12 Close_valve

2 dA9 AN Y 5 A
Table 2. Sensor output map A of example.

State Sensor Output Y

a1

a3

a3

a4

a5

g

a7

ds

49

910

qu

SR EIEIEIEIE IR R

q12

RIOl - KIS8t - NAEIEsS =2X R 7 AT 5 S 2001 5

— o

—
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Fig. 6. Initial state of diagnoser.
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a8 7. "ol ¢
Fig. 7. Transition function ¢.
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Fig. 8. On-line failure diagnosis.
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Table 3. State condition map » of example.

State State Condition x
a4 N
a N
a3 N
a4 N
ds Fy
s F,
a7 Fy
qs Fy
q9 F,
q10 Fy
an F,
12 Fy

X 4. dA1¢) CCTS.
Table. 4. CCTS of example.

q o= Aq) g =0%q,0 | AN
a Open_valve 42, 95, 910 NF
o Start.pump q3, 911

a7 NF
as Stop_pump 44,43, 412 NF
a4 Close_valve a1, 45,49 NF
as Open_valve a6 NF
ag Start_pump a7 NF
ar Stop_pump qs NF
as Close_valve as NF
dy Open_valve q10 NF
ay Start_pump an F
qn Stop_pump q1 NF
a2 Close_valve q9 NF
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QY Adl g A AAIE A" Hole (g,
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Mx e BFoe CCTSE WwaEd =Hrut

I3 9 1ZIE) BARPY 94
Fig. 9. A part of diagnoser design procedure.
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29 10, HR-9E A" Ui o3RG,
Fig. 10. Diagnoser of Pump-Valve system.
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Start_pump?t FAE F Al 29 gro] F7F 94A 1%
719l e {g a7t ©3, NF7F 9 {(g7F
g2t & g Aorldlde sy Aol d¥5e BuUR
o 2AAGTIAME AN 2o met A g TR
=3

AAlEg ngAdrlg 3 Ad I8 Z,2 {q,
as, goroltt. 23Y A {g) {as}, (g5}, {gg} N X &
{a1, 45,0} 2 28] o7} doju}x) @k & Fgo)
wAg aeg 3G feAo{rle ¢y A
247} 012 olsin.

3. 7Ry

¢ HofjHde Fo4 DES disia AR E A
Adtes YHL AAEES B dgdeE A" a3
@717} oj2 A DESS) JHE #Astd nR3e HEst
A& 2¥ et

nFRETe ARNGAE Fosy] Aol vAH nFR
@719 de AR zE 39 246 g2k H 4 5 6
# Fol Uw F Urh

ol 4: @=(Meld ¥ 28 A4 normal)ol#t
Fid=

Hel| 5 x(2)D{F), KZ—)¢{F,‘}°]'§ Ae 2& Fi-
E3A( F-uncertain)olz} gty

89 6 : x(J={F)°)B B8 2B F-FB(F -
-certain)o] &} gt

—1%7 109’1 ﬂ%}'ﬂ'&ﬂ% °’ni ’5‘@ ’\JEH {lllv%,lIg},
{20, 46, a0}, {a4, a3, 2120 E F, Fo-E8%, {a, )<
F2~%§}5§0]51 e {a}, {43}, {gs}, {Gs}‘g‘ Fl_g}"—@o]
o o Al des EASA de

Y 74 FAEANY JRRY L FYsarn

o 7 ARG} 278H1 999 14 RE
F7b 3% F 9o oylESo] N B4 T 1
BR38719 At Fr8Aol HH 3J9rE K-
AY7Ve( Fi-diagnosable)dltha @tk a18)z 2 1
F En RO A FoAdobesid 233 wr)e
A&7 (diagnosable) 8-tk

XA 2FREII A {g), {gs}, {5}, {gs)
7t F-84olEg gx-win Alade u3Agr)e
Fi-Ae7besity, 2837 F-8A Agrt glem
 F-I97bsdtAle )

iAgte 2 2AAGEN7L FoRAW7bsE7] g 8



382
[FEZAS UEY] Y9 b9 2 7HAE H9AL
Mol 8 : DESOAM g¢,p,=8ag;0), i=1,..., n 218

al 41=3(qn+1,0n+1)?l el Xt:]é}'{ql,(h ..... qn+1}%
Aol (cycle) & ©]ETHy gt}

Hel 9 : mAAGIIAA F-E2833A A A7

(20,25, ... 201} 7F AFOI2E 02T B2 olW T
g wEANE Al (¢l ..ddh), {alh
a3, ...,q1)7 DESOl &A@t 2gRvs)e 4

8 JAYE {z,2n.... z2.+137F F-HIEA Ale]E( Fy

-indeterminate cycle)-& °]&t}ix 3c}

1) x(¢X)=N, m=1,..., k+1, gz, m=1,...,
E+1, r=1,...., n+l, k<n 28T {q¥, ¥, ...,
ar)S{z1, 20, ...,2,+1)%) DESS el FZ {q),
a2, ..., ar)7F A1 S o2k ol Ale]ES N-AL
olgolg} #ut.

quez,, m =1
283 {q] , a3,
e @i S(21, 20, .. 201} DESY AEl AY
{(at a5’ ..., a1}7t Ato]l2-g 2T} old Alo]E&
F-Aro|Zole} @t

M2l 1 2RARI FulER AlelFo] ZA)A
Ae nAADINI} FAWsbssy] 98 2

2 xgb)=F, wm=1,..., I+1,
..... I+1, »=1,....,n+1, I<n

F7} 248 & 23d719) 44
2%, F 2}75} 9 shirtEn

& Q) F-uZAR Ale]ge] EA
a2 gong e w_E Wy % e 270) F,
7} S B2 7te A2/ 2 webA Axde
aAAA7Y Fele F-8Fc] Ho F-Ad7bestA
:21=2

g8 z) 13AG77t F-A97bss2g F-83
A gz Jte A7t EAYL 222 FoREA
A JUEY AbolFY FoulRA Alol2e EAA &
o

2 F28dd 22 : 349 2+ 2o

3 Fredd Z9: A dust Fr8F0lER T
A3l FRAE7EE F-839 FHE sk 327}
ZAQ3eE FA] F-uEA Alo]Fo] EAEA L=

oM (AL) : 1Y 109 nAJEVE BE 3F B=
Fiol diside wAdA Ato]2o] EAEA FAT, F,

o tsixe WAA AtelEo] EATY =, {{a,
@s, 4o}, {as, a6, o}, (a3, au},{au, g5, q}}7t Fo- ¥ 2 A
Aol &g ol Zh Aukdld 18 494 {41, 42,45, q}7F
A 27 No2 Al|ES oy, AH IR
{09,1110,(111,412} A e =21 2 /\].o]—g-% o] Fa
3171 W&otk F, N-AlolE, F,-Alel&o] &Adnt.

- EA RIS E OE

MO\ - KIS8 - ANEtTst =9K| H 7 2 K 55 2001 5

2N Fp-BldAR AfolEo] EAPIER Fp-A@7ls st
A gk 285 13 B Fol daMe dH 1
{{47},{03},{05},{46}}7]’ ’\c}Eﬂ 23 FI.Q_E A]'ol“:éi"% o]
F1 glem olg A|&HoA Fi-Ate]lEuhg o]f1 gl
onz F-HIZAA Aol EA8HA et aHER
Fi-327bs3HA doh

°]Ze] EAR ovle theH 2ok 19 109 27
A8 {q1, g5, g0} 1A THF G o]lE Stuck_ closed
7b A3 3 Open_valve WH o] YA Hete 243w
719 AeEle oA F-EE8AE Yehdt ojd Ao
% Start_pumpZt dolt& wf AA o] NF7F =7
F-8Ae] & Aot &, HZE AFAHEUE &+
FA 7t NFE 7te7128 287} %51&%% dg3e
7Ie & 7 Ae Aolth "M nAZANG7I= Stuck_
closed % ©WEZ} LAYt W?}f{‘;} shARE 1
% o]YlE Stuck open®] HAWUS wWe FZA kol
A4Aog Jepezg 337 ngE &R Est
= Aot} ole nAAIWEIT REAY Futeges N-
AVOIE, Fy-AtolE& FEIA K3t Fp-HldA Aol
oA WA Gex] E3AES vtk mebA Stuck_
openg AESHA e FAH AM7 BaFS

epdct,
|\ R
3— =gt DES A28 14 AW 2AS oE

=)

01*1 7li°ﬂ 21]/\15]21‘3 °lBﬂE7]H& A2y 38
g AgE FA
E}°l TE 17411%@ 4?4%1101 71& A
%‘%1" *1]’\16}221:} aga o] WY BE #A57t
1Hﬂ_E°ﬂ A e 23S JUHCIER %37} #l
2 oEZW HIyrog dd uFALriE T
Aste, gEAeizlel 7ol a3 £ 3L
2 Zari BIyEo —7“8 Al golstte Aol
. E MR E Aelsta Jevbestrl A 2
AE AAEE Fo A&"o] AvTbeRA 2
zaiel AedNE FAF F SUA stdo Adrbest
71 g 249 Q3N Jrted Alxddl E2ad
AX7L QEA, Je7FsdA B AL od A
7t SR RAE AR ANHES
3% AFHAZE A9 17 oWEC disiM T}
AL BEex] k= DESE HEF Alo] A5 9
AA e T 1F AT &
g 4 Aok Jﬁﬁ Al=do] g
Ao AA A AXNE 2= AR B
FolA AFT 2FAEH deAolr|e] By s et
o)

P

0==IZ.|.,
Lo
mE
nﬁ
%
N
_8.
i
o
N
27
.\9
4

rlr -1> % vo
ﬂll

b 30 [0 o |0 off o 2 N 2
ll:l

:z_g,ln

l‘N

_l"

P gy |
[1] Meera Sampath, A Discrete Event Systems
Approach to Failure Diagnosis, Ph.D. Thesis, The
University of Michigan, December, 1995.



Journal of Control, Automation and Systems Engineering, Vol. 7, No. 5, May, 2001 383

[21 M. Sampath, S. Lafortune, and D. Teneketzis,
“Active diagnosis of discrete-event systems,”
IEEE Trans. Automat. Control, vol. 43, no. 7, pp.
908-929, July, 1998.

[3] Shahin Hashtrudi Zad, Fault Diagnosis in
Discrete-Event and Hybrid Systems, Ph.D. Thesis,
The University of Toronto, 1999,

[4] Yongseok Park, Model-based Monitoring of
Discrete Event Systems, Ph.D. Thesis, The Purdue
University, May, 1996. '

[5] W. M. Wonham, Notes on Control of Discrete
Event Systems, Department of Electrical and
Computer Engineering, University of Toronto, 1998.

[6] P. J. Ramadge and W. M. Wonham, “The control
of discrete event systems,” Proc IEEE, vol. 77,
pp. 81-98, Jan., 1989.

&84

1976 29 1694, 1998'd F-4roygt
A AirATE &Y. PSR
A5 71A8 8T HAH2000). 2000 ~
A F=HAgrIed AR
At. BARoke DESY EAtdE
Aol 3 ngAG, NixA FAH A2
| AEs} dEH X

. ol A

1961 129 11, 1984 M2 7)A)
Fst3 9. 1985 Pennsylvania
State Univ. AA}, o8k ¥FAR1990
W), 19901 ~1993d AN E oidta
NAFEY Fug, 19933~3A B
g SAFEE Fag FHE
ok= A58 E ¢ = (Profibus, Fieldbus Foundation), X}
Z8& Y E L I (CAN, LIN, KWP2000), DES, A-&F3.

[71 J. E. Hopcroft and J. D. Ullman, Introduction to
Automata Theory, Languages and Computation,
Addision-Wesley, 1979.

[8] B. A. Davey and H. A. Priestley, Introduction to
Lattices and Order, Cambridge Universit Press,
1990.

[9] W. M. Wonham and P. ]J. Ramadge, “On the
supremal controllable sublanguage of a given
language,” SIAM J. Control and Optimization,
vol. 25, no. 3, May, 1987.

[10] R. D. Brandt, V. Garg, R. Kumar, F. Lin, S. L
Marcus, and W. M. Wonham, “Formulas for
calculating supremal controllable and normal
sublanguages,” Syst Contr. Lett., vol. 15, no. 2,
pp. 111-117, Aug., 1990.

a1

19728 11€ 299, 19963 BAbeh Ayt
P 7IAE s 24 SUgd M)
© (1998), 1998\ ~ A A Suiatel uhaja
A BARkE A5 2 Aog =g
EZ(CAN, LIN, KWP2000), A+52}-&
SGA A, AA A o], o)A AN 2

(DES).



