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Abstract: We study the fault diagnosis problem for discrete event systems (DES) which can be modeled by the par-
tially observed Petri net (POPN). To overcome the low diagnosis ability of the currently POPN online fault diagnosis
instruments, we propose an improved online fault diagnosis algorithm that integrates the generalized mutual exclusion con-
straints (GMEC) and Integer Linear Programming (ILP). We assume that the POPN structure and its initial markings are
known, and the faults are modeled as unobservable transitions. First, the event sequence is observed and recorded; and
then, the ILP problems of POPN are solved for primary diagnosis for the system behavior. If the results in the primary
diagnosis are uncertain, we use the GMEC for a further diagnosis. A real discrete event system is taken as an example for
analysis; the results show that the proposed algorithm increases the diagnosis ability remarkably and the effectiveness of
the proposed algorithm is validated.
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W52Wr, K& S Petri W HAANZIT A A bR

Zhric.

Dotoli%5 8] A\ $2 Hi [ Petri PUHESE T 3 T35 2k M
R DESTE 26 W12 Wr AR i 7E T8 R B
TSR AR, REE SRS IR AE In) &, HESL )2 M
AR WIS, AT E SR, HEEN B
PERGAT A AT RS B2 W, 2 W4 B h ol
R | Wl 2 AR R P e LR AR IX 3B TR Wi
R ] e B R AE TS T, Dotoli%E N AR AE S HE40 35
B 51518, 1X 1E & Dotoli%F A3 H [ 75 28 i Al 5
BWTEIEIA R ZAL.

A SRR SCRR [181 P th R T w2 T it
HILE R AT BE TR ARSI g RAE TIRARA,
FERH X H JFZ W (generalized mutual exclusion
constraint, GMEC)R X} 1% 12 Wi 45 SAE 3 — 2P 5%, PA
HHREXT RGAT A AE I TE IR RIS, BT S ER G AT
W .

2 PR S RGBT AR (Preli-
minaries of GMEC and description of the
system fault behavior)

2.1 PetriP 5] X EFZ3H (Petri nets and GMEC)
EX 1 EB4rAI W Petri M (partially observed Petri

net, POPN)E X — 678 B PN = (P, T,,T,;

Pre, Post, M), HT = T, U T,. :+#: PRYEH A

mEPERTER, TRAEFCHn TR, T, 3K~ v AT

8, TR ARATMABITLE, T, = n, < n. 8 XHEFE

C = Post — Pre i PN ORERFERE, HL4EHChmxn,

M,k PN FTARRRA.

WEERTpHIFR IR M (p), ZiTt; € THERRM &b
fEREMI R EELAT A SHERED € ;L AT E
££: 't ={pe P:Pre(pt) > 0HEHE

M(p) > Pre(p, ;). (1)

B¥kct; € THEFR R M A R85 15 2037 AR IR0
M, e AMt,)M', WIM' = M + C - t,, % 4 %
PN {PRAS TR, For €, 5 A0 ) AR R g 4
KR

—/NER 43 T W Petri P A ANAELE A [ DGR,
PR A E S

EE1Y B4 —ANPN = (PN, M,), H %
PNZRGAAEFMN. 24 BACKHFAAE— RS s g
o M = M, + C - ofif, WG M € R(PN, M,).
HAFR(PN, M) = {M|30 : Mylo)M}, Ji%PN
RAMIFIEE.

EX2 HBERGEPN = (P,T,Pre, Post) X
—AMAFTMAT TERT, C T, WPN ERT,-HFT
WEEAE: PN, <q, PN)E XA PN Z#T\T,H
AT ERRIMN TG A PN, = (P,, T,; Pre,,
Post, ), C, = Post, — Pre  AXKEBHEC = Post
— PreX{ 1T, I PR

EX 3 HREARGPOPN, FREH : T — EU{e}
HHAR T AR E R, %R B LB NI € THY
G RE L Ite; € FEANT He Ft € T, WA(t) =
e; %t € T, WIN(t) # e.

R KR Ide; € ERZ HgE— AT
K. PRS2 BT T, Hdsic R EU2 3E A BT 5T Agk AR
WHE =T,

7 SCH R AR TT A B A AR G M e o
WM ) —Fh E BRI TR K, 1R 2 HALTE A a2
SRAAT DA AT X E R 3R120-21 i) 8.

EX 4 BHPetriPN = (PN, M), & X—
AN ZITCH(L k) A EPNIT X FLA R, Kl e
N™ mAPNHEFKEHE, k € NAFEH. X RGEH
PN T — M HEFER M, k) = {M € N™|
"M < kY, Horb UG FE B ) 9E 5 3505 BB,
BiL: P — {0,1,2,--- }, KRG HIHE L5

" XEFAREES(L k) X T — N HZVFH
K M (L, k) = () M(l, ki), 5 o2 L= 17 11

U T k= [k ks o KT,

2 R BN L 1 5 B 38 GMEC AT BUE 22
W{(L;,k;), j=1,-- ,n,} )N GMEC % &, I 4 1%
%}MEC%QE"JTEEXEI»@W‘@IZ%EIH?E%X?'U
‘le ML, k). S3RE IR L5 M A A AT 0 T AT 28
EA L m < ks kR,

2.2 R G #UBE AT A H# iR (Descriptions of system
fault behavior)

Wl = {m, 7, - ,7r} C T N EHEMAHA
] WA IR (F I HYELL, | Ty = ne < ny), Ty =
{Tri1, Trao, > Trex } C T SHBEARFHRPIA
ATARLEE, T, = Tt U Toyp, KO 5 HIBEAAH R KA
ARSI SRS

RV RERERMEEICHAS = {fi, far -,
frh AEEME S € Af¥ i — AT W il b 22 1
7; € THRBMY, FFREEAH NIRRT, € THIRAETT
RAG € {1,2,--- ,F}).

WWwA5FAo € THKF4 RN F, Hhw
= o), HHARABTA AL R BT BN T —
E*, #Fo =ty ty, -t WA o) = At )A(ts,) - - -
Ato, ), Hlo| > |w|. HFFoHEE ¢ Mebrid K128
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I, W|o| = ¢+ |wl|. 1Ak, ido, € o(o, € o) hoHA
AOWCRT AR IE AN R MBS, : T, — NETF
(@ : T, — NOYARMI T HKBAHL, 1ot (o) €
o Ao FH I R (IR ) A8 I 4R B N (1) kAR ) £
Gt (G) B F A AR R E =T, Mw=X(0,). ;K
K EBEA

Fo

Fu |l

EX5 HEPOPNRENIMHIFRM, € N™ K&
?ﬁi/@Mo [Uo>%ﬂm§ﬁ$ﬂ00, EU%XUOEMOQH@
RN (Mo, 00) = {0 € T*|My[oy),00 € 0}

5 Moo T8 Mo AL &0 f IRIfFREER

2.(Mo, 00, fir) = {0 € Y .(Mo, 00)|7. € 0}
3 BT NHFARKAEL B2 W5tk

(Approach of online fault diagnosis based on
GMEC)

3.1 POPNMEEE % 52 Wi 23 B8 B (Assumptions
for POPN model and definitions of diagnoser)

AR SCHFFE B0 I 2 F GMEC 3343 7] W Petri %)
T R 12 W7 4 32 T2 Sk 4 W Peeer PO /N A W00 2
FHHIRGAT AR LT HEAHE.

T SEX T SO A I 5 S W B E 4
PRI TR

Hl) R0 HMPN = (P, T; Pre, Post)# 1!
1k, IF HAJGEPRIR M, 50

H2) T, = B 53T R AKAHRHIFRIE 2 P

H3) PNRAPN, <7, PN AAEEAT.

ZAFH)RTH2) R 27 3R G850 R7KF i B s, H3)
FEHET P N LT (1 i A ) 45 dsk o S [R) SR A ) AR
AT IASTHITE R BV

PR 2 TS 3\ I POPN FIHTZEAR R Mo & R 40
T AMNFw € L, LADESHES. f#%w = X\(o), id
0= Cuta,Oustay * Oupta, (B = 1)K 5wt N AR T
Al H, 00 = ta,ta,  ta, = wHoHIT TP
Hl(ta, € Ty, i =1,2,--- , h), FHlo,, € T HHEART
Lo, 2 RTTTLEAS T L, (= 2, , )2 JE B AL MR AT
MARIT 5]

EX 6 KLk e WD : N™ xTr
— AfU{N}, 058 MHILRRIRM, € N H
TN Fw € TrREWT:

) &(Mo,w) = {fi € Af|3 (Mo, 00, fi) =
@ = {N}, FEwH HTAMAAEA S 5N — S AL
Tr, € TR KPS, RGAT AT

2) (Mo, w) ={fr € Af|> (Mo, 00, fr) # 2,
Hoy = w}, RGATHLEWIMFwrh KA MR, 7EIXH

o=

5% T g2 W a3 A T fe 6 & 78 5 A AH — 3
B I £, € Af.

3) D(Mo,w) ={fr € Af|> (Mo, 00, fi) # 2,
Hooy = w} U{N}, RGHAT AT R b, AT g
Wk f, € AfFEwhRRAE.

AP (Mo, w) = {fx € Af| X 2(Mo, 00, fr) # 2,
Hoo = w} U{N}B}, fF HHGMECS & (L, k)X &
GAT hitt— oW, W AL £, T XE R
RES (L, k) REWT:

m(p;) + m(p;) <k, 2

He:p, e (("10) )", pj € "1,k €N, REAWH L
RQ)I, BEEARIE 7 8 K, RGAT .

3.2 #EE2WT /7 (Approach of online fault diag-
nosis)

FRAE RS MERRIAN ™ SR AR € L K Petri
MM TR R R, AR T B R RGEAEPetri M
MEZE T T SUH R 2R 5 B 2 R (R E 2R i
BEA I o W vk X EVEE N T HLE S /iR, B
PN = (P,T,,T,; Pre, Post )& B4k (1) B By S 44 &R
g, Hili e 4fFH1)-H3).

TE 2k TAE b2 Wi 2k IR T, X T8N0
EHRIRM, € N™, fE#iw € LI s kAL, & #2458
THEHMEM AR R AESHEWN o, = wil—2
HIFPSlo € THHIZMEAEURE. % 0E B i 2E# 2k
SLZ W AR IR RGEMAT WRFE A Jo iR L b L T RE
A X 3FRE.

EE 2 CADESHE S LR, HHPNR
(PN, M) #84L, B PN EZ&MHD-H3). 4 H
PR S KRG, - Fuy oo, G, AT
FIZHELTR:

¢(w, My, Post, Pre) =
Gy € NFYK § =12 ... h,
k . k=1 _
C,> ¢, =>Pret,, —My—C > t,,, 3
- k=1,2,---,h, .

M W — A Fw € L(w=0g=ta,tayta,)
K= NmKFFo = 0y ta, - Oupta, (Jou| =0, i =
1,2, W) € (M, o).

EHE3 CTHPN = (PN, M) 25&MHI)-
H3) & &(w, My, Post, Pre). 4 & Ml #%w € L(w
“ta, ), EXIFILPPI:

=0, = taltag o
. h
IIllIlgg(CTU17 Ougs " 5 Ouy, ) = EE: Ou; (779)' (‘l)
i=1

St ¥ € Ty, #FILPPL R &7, 0, 0 HL

? Y up,

L Guy ) =™ > 0, WHFo=0,,ta,

min

® ((77L],7 Ougy ™"
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cOupta, € 2 (Mo, 00, fr), WERGAT Rl B LR (PN, M) BEMLHIDES.
iE ¥R R, G, WILPPIH — A I M,
i, Hp™n (G, Fuyy+* 5 Fu, ) = @™ > 0. I, 2 PN = (P, T,Pre,Post), \,T,, T, T;, T} ;.
FHEWT T — 2 e {1, ,h}%ﬁﬁﬁm(m) > 1. . 0

m%@Z%nﬁEﬁ?ﬁUg - au1t041 te 'Uuhtah%/%g S
Z(M07GO)9 mH7 € oy, € 0. E, o = Turtoy
Ountan € So(Mo, 0o, o), HISE ORI TR GEAT

.

T4 CHPN = (PN, M) 24 H1)-
H3)}&(w, My, Post, Pre). MM Fwe L (w=

tey, )s E XU ILPP2:
h
)O_:uh) = Zgu,(TG) (5)

¥ 1y € Ty, FHILPP2AMRGS 5%+, &% IFR
‘pmax(o'uwauw T 7%) = "™ = 0, MDESAT A 7E

ﬁE E8%4 Xj”t?p/l\f@ € Af, ILPP2 I fi# &7, 5,
o uh {p@,@(pmﬂ(gu“guw . 7Uu;L) = P = (),
B PR T T e A

a) WA fy € AfILPP2 I & = 0(i = 1,2,

,h), BIAEES N7 — B0t &3E . € T
ﬁkﬁ?ﬁﬂ IHZ, Z(M(),O'o) P, llftﬂ—f%ééft fﬁE
WEEFw T

b) Sf—2kf, € Af, ILPP2IfEG; # 0(i € {1,2,

: ’h})HZ(MOa UO) = . EE:PSOHMX(EumEuzv )
Gup) = @™ = 0, BT X Ao, €0 €3 (Mo, 00)
#HH o, € Trp Bk, RGATHTCHEE.

Hia)-b)%H o™ = O, RGAT A TCHHE.

EBS5 X Tre T, #Hem™ > 0Hem =0,
MR GEAT A PI REA L.

HE - Hme > 0He™™ = R, i H2HAF7E
—MEE M0y, te, )My - My, 1[0y, ta, ) M, I
Flo = outa,  Oupta, € Y.(My,00), HH 3, (1)
=0(i=1,---,h); ANFE—HL

Myloy,te, )My - My 1[0y, ta, )My,

BT Hlo=0uta, - Ou,ta, €D.(My, 00, fo), HH
Gui(10) #0(i=1,- -+, h). Bk, REATHEM, Fw
A R T REA .

4 FT GMECHIILP If) 75 2 1 b 12 Wi L 1k
(Algorithm of online fault diagnosis based on
GMEC and ILP)

R 35 Petri P 218 . DES¥Petri P B RUAFAE . | X
HFAHRE R R B8, 3 TN prs
(¥ 53k 1) B T GMECHIILP{POPN 2 4 75 £k i i 12
Wi #s SHL0%, SR TE T R A PFHD-H3), HAT i

To = tatay

max (P(Uul Y O”UQ: Tt

L. WA &
w=e, h=0,7,e N° &@=0.
2. WFHLF
E4F, AR B
e=:\t), w=wt, h=h+1,

O(Mo, w) = @, &o(t) = G,(t) + 1, g =: 0.
3. KAAILPP.
For@ =1to F
z1 =max Q1(Fu,, Cuyy s 0wy ),
Zo =min @1(Gu,, Fuyy s Fuy ),
s.t. &(w, My, Post, Pre).
4. LIS R
if 27 =0 IRGAT A TCHE
then set p( My, w) = N;
elseif z5 > 0 HERGHE D KA
then set ¢(Mo, w) = ¢(Mo, w) U {fp};

elseifz; >0& 2o =0 /ARG HEIREE KL

{
forp, € (("19)°)", pj € "9, kEN,
it m(p;) +m(p;) > k 1IN GMECs
then set (Mo, w) = ¢( w) U{ fomrc};
else set 6(My, w) = (Mo, ) U (N}

}

5. Goto 2.

P11 HAEEHRA N POPNER [IYIIARR IR

M,, PN%; ¥JPN = (P, T;Pre, Post) & DES[] 7]
WA, FFR PN G5 2R 50 T = T, U T,
T, = T; U Tp, HaEARIAMCEREN.

WIsEEE PR R w, h, 0,

PB2 DRI ERF RN, FHw
(|w| = h) CHEI, NWE PR R BN Elw = A\(o)
Hao =tota, ta, =w €€ oFH P, €T, i=1,

,h). WA, & L— N FIY rﬁﬂ R i

E,a fo € Af, g™ I TFABILPP2IX /™ H ¥ o 5L
S EPNI-R

S$IE3  KIFILPPIFIILPP2, BIZEA R AL (w,

M, Post, Pre) T K13 H #x i #z; = max ¢(d,,
O_:um e 70_:’U4h)’ Ro = min @(6u176u2> e 7Euh,) H/‘J %
Pefi.
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PB4 RIS EIT RGBS RGATH
BT B .

1) # 5%t F fo, ILPP2F f#GE G5+, 0%, Ha
= MaxP(Tuys Guyy*+ 5 Ou,) = P = 0, WL R G
AT A RTCHRER, BB E (M, w) = {N}.

2) # Xt T fo, ILPPI fi#G, 0, .0, Ha
=min p(Gu,, Cuyy " ,0u,) = @™ >0, RAEITH
KA, FIERE D (M, w) = D(My, w) U {fy}.

3) EHXT fo, 21 > 0Hzo = 0, MR RGEIF S
i 2R Q)W B HIGMEC. W 2, W R ZEAT A B
AR, HIERE (M, w) = (M, w) U{N}. &
2., REAT &, BERES (M, w) = (M, w)
U{ fomec}-

WIS RMENCF M, HikkE P BT
W, BZRBAE 00,

5 AICHEESSCER (18] H M LB (Comp-

arison between the proposed algorithm and

the algorithm in [18])

AR H SO O EE T GMEC ) 3543 7T W Petri P 77
2 W12 Wi 25 R) STk [18] 32 H X 7E Petri P AE 22 T 3
TR MR L2 WA L, AR S0 T
I XHFLRES (L, k) ST RERIEIATLR, XL
HR (181 2 W 45 SR A T e W I B TEARYE T LB *
LR SGAFHE— DA SRS R B R K, BIXS AT 68
BRI 2 REATHE— 22, DR ERAER
GRS

HTET A ot M EEAL B, 238 7 i3
G2 R et Ay I IR ST e =t T

EX T izt SOy
. X (m, )| + [ Za(m, 1)
diag(o, tr) = 1) x100% , (6)

Hrdiag(o, te) AFTZWME, | X (m, t)| 4 AT WA P
FUEEL, | X1 (m, t) |2 W 2R 46 Hh DL IR F) ) AR
TEFFIRL, | X5 (m, )| S W R S8 T0 i (P WAL
TFPIEL.
EX 8 AHEWiEE

. _ |23(m7t)’
non_diag(o, t¢) = S0mD)|
1 — diag(o, t;), (7N

| Xg(m, t)| IBHEE W RG] B s ) T AT
FFHIEL.

13 FHGMECH R S8 B IR T 20 0R, fRIE R GEXT ¥t
BRBERKS BT RE. RESHAIERFE RSP L
DU )8 B R BHIR ) 5 AP, M REEATH
JEGMECH, RGR 2 H L.

R4 W 45 SR N AT RE A R, AR PEGMECKT

x 100% =

Rt — 2w, | X EFARM I E, A3
BT ARG
6 SEfI 53 Hr 5 HE (Case study)
6.1 DESHJPOPNZEHL(DES modeled with POPN)
CLANDES 1382 AT W Petri AR N & 1 iz, 2R 4%
WIEFFRM, =[1 000 0 0 0 0 0", iz
IR WAL AR T, = {t1, b2, 3, ta}, HAT WAL A
T, = {7'1, 7'277'377'4,7'577'6}, gEﬁ%,%ﬁ%Mﬁﬂ@é%
ikl f1, fo, HiZDESHIPOPNAELAE th fr g A5 5 2
AT, w = tytgtytatat bt tatatytat ty R GE M
=3

Kl 1 DESIJPOPNAZY
Fig. 1 The POPN model of a DES

R4 & 23K 45 & 1T 7R R GEPOPNAE 2 (R AN AT WL
HIETMPN, <1, PN, tE2FR.

T p3 T3 p5

T D, by

Kl 2 POPNAERYHA T, — 55 1 M
Fig. 2 The Ty,—induced subnet of POPN model

HH 250, ZZPOPNAE YT, — %5 3 1 W4 A = & 391 10,
T MR ¥ S5 A H1)-H3), [R] B35 & A 3C 550 A SOk
(18] SEERIE 41, B At EER A ).

XA B BT 7 78 26 W B2 W 48 S0, SRR
DESH I, Z£# X Bi%ZDESHIGMECHAm; + ms
<LBIL=[001010000],k=[1].

T T 3 S A P SRR 181 AR SCH H R B0 T 1
B RI30 20 AT W Petri P RGEHEATAE LR I i2 T
6.2 SCHR[18] 75 £ ¥ & 12 Wi 12 W7 45 R (On-line

fault diagnosed result in [18])

LENIRRGERMH) XEFARKN RS
PR REAT L AT, ZDESKPOPNA Y 76 WLl Fw =
titgtitatatrtot tatatytat ity N FHSCHER18] R R T2
BB MR A L i R 2 I BV E AR AT IE AR B
WER PR IR S W as g R

WS R RPN IZRG H TAEE S 5UNE—
BRI ), € Ty KRS, Bk, 7ERT3AN ST
B Ry R R GAT A TC .

D
6 1,
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XA &S SO 4 AW Petri P R GiAE LR 12 T A BT 871

M FEAC KB Fw = st tBT, B RKT
ﬁUU = tﬂl%@hﬁﬁb%ﬂﬂfﬁ%, I)_I\IJ Eﬂ?ﬂﬂ{)ﬂﬂ?w}%f#&
) d5 /MR RS T AL B s, BRI S92 W 8 e T L i
B fLE R A, B RUKITHlo = tmiTstst ot B A RE,
MIAFEAEAL S 52— BN AR T T, € Ty, JERY
RGAT IR, R, w = t1tst, 2 W45 RN RS
AT NPT REA W, W Fw i F IR Fw’ = titstyty,
FKIFFIRATRE 2o = t, 7 Tatsty TeTats, SLEFREM
Fw'IRHE R B /MERE LS T, SR ISWIERSNT Y
R fo CRAE, Rl

w=ttst tot st tot tatat st ity

I R GEAT A .

6.3 A CH RS W45 B (Fault diagnosis result
by the proposed algorithm)

A5t FH S AR e a2 W S A T AR S i 2 T,
IS4 R IR ZRGH T AAEE S 50N
M HBEAR T, € eI RCKFRF, BRI, ZETHT6
AN EO LR b R GEAT A IO,

& 1 R[18]F Fik 5 AXFHME LW AR
Table 1 Fault diagnosis results with the algorithm in [18] and the proposed algorithm

. — R SCHR [18) 5032 N = A7 S
Ty I T a(Myw)  BEER e(Mow) LIS
1 t 0 0 {N} Te ks {N} Tz
2 t1t3 0 0 {N} Te ke {N} e
3 t1tsty 0 0 {N} ToikE {N} ToihRE
4 titstito 0 0 {fi}U{N} TIRE#HEE {N} ek
5 t1t3t1taty 0 0 {fitu{nN} ] etk {N} ToikE
6 titstitataty 0 0 {fAIYU{N} TIReHks {N} Tz
7 titgtitatatito 1 1 {1} U{N} TIHEHE {f1} (5
8 t1tstitotatitaty 1 1 {fitU{N} ] RE R {fi} TR
9 t1tatitatatitat ts 1 1 {fl} U {N} ] R {fl} R
10 titstitatatitotitsty 1 1 {AYU{N} TTHElE {f1} A
11 t1tstitotatitot1tstaty 1 1 {fl} U {N} ] R {fl} R
12 t1tatitotatytotytatstits 1 1 {AYU{N} TATRE#EE {f1} [
13 titstitotatitot1tstat1tsty 1 1 {fitu{N} ] R {f1} TR
14 titstitatstitotitatatitstity 2 2 {fa} b {f1, f2} b

Hims +ms < 1 Al fllms = 08ms = 1. WIF
Hw = tytgtitoBF, FEmg = 0, BIE B ps A&
token, /K FFlo = timiTststimoto B KUK, BEIFAS
FAERE SIS — SRR T, € Ty, BIER
GAT Ao #ims = 1, BIZEFTpsH & —Moken,
to UK Z AT AR s 1K, B g = TR 0
w = ttstita X NS KT Fllo =ty matsti T Tsta B
fiERE, W FwiR Bt B MERSE P L& s, Hiki2
W2 R R o 2R A

T Fw] = titstitat, ZWIER AT, T
TR Fwy = trtotytsta i WrEhE B, K2XS
JE T P H Bt U SE N B T AR H S 4 2R

gi b, | XAREAms + ms < 1THMERIER R
GeAT M HI T BER MR R IE TR 2D, e T
RGNS W
6.4 PIFPHEIEIEAT S R LB (Comparison with the

proposed algorithm and the algorithm in [18])

RN AL SR (181 VAT S W LL R

G 2%, RGO ENN45RT P51, N

SCHR (18] IEE, S Wi RGA 14 TR AR R 1)
AIRARIE 751 345 oz (1 nT AR 751, IR
Wi A 1045 TR P31 oA A e S WA, 3%
A DAt &, BT 2 W A 28.6%, AS AT i2 W Dk
71.4%. 2

of = diag(o, tr), Z=non_diag(o,t¢).
& 2 K181 ASH W 44 RT Sl ik
Table 2 Diagnosability comparison with algorithm
in [18] and the proposed algorithm

ﬁ& ‘21(m7t)‘ ‘EQ(mvt)‘ |23(m7t)‘ o %

SCHR[18] 1 3 10
A3 8 6 0

N S 5, 2 W R R BR AERE )
AL HIEAS, o E T AR EH N 6. 254 T LA
THE, AW R 100%, ANATSETE 0.

ACEE RS W TR ISR T2 Wi,
I XH FARES UM, BRI T REMAT
W

28.6% 71.4%
100% 0O




872 BoHE 5 N A

ERVE

7 54 (Conclusion)

EEXTEIA B3R 43 7T W Petri N 2 45 (76 £& i f 2
W AR A7 E TR 12 W7 S AR A P, A SR T 3K
LRI S ) XCE e 20 SR B 43 v W Petri I
RGAE LM Wr kodk B2, 18 E 3840 AT W Petri
W R G G5 R S HILRFR R B0, et AR AN
AUARIE. T8 S UL BB A B, SRAR R 4w
Petri X IR SR AR ) 1, S5V 0) 2R G P i e g
FTHI LW W52 WA A e 2 Wi it 72, KA
I XH FAR M TTEEATIE W NI, Sk e
WA IS

GEMC/E N DESI B #HI 2k, ¥ RA BRIHL
R[] B Ak A GMEC )8, %} 2 45 W AT S i I
BS5LZR, e Sutidm R A2 W

I B R RGN T, SRAASCEE,
WIS W R B R, BE T SRR A R

KRR TAEH, BB HIL W T H R T
JRWST, ILP ) B B 2 M T B S, 2
FEAFE AP A KB AT A T 7M. Bk
M B K, AR TR,

S 3k (References):

[1] JIR%E, §iteH. ShS R GRS 0], B3R, 2009,
35(6): 748 —758.

(ZHOU Donghua, HU Yanyan. Fault diagnosis techniques for dy-
namic systems [J]. Acta Automatica Sinica, 2009, 35(6): 748 — 758.)

[2] SUNR,LIUS, ZHANG Y E. Design of fault diagnosis observer for a
class of nonlinear systems [J]. Control Theory & Applications, 2013,
30(11): 1462 — 1466.

[3] ZEHE, SRR, BT HORIBI RIS kLR (1] EH 5P,
2011, 26(1): 1 -10.

(LI Han, XIAO Deyun. Survey on data driven fault diagnosis meth-
ods [J]. Control and Decision, 2011, 26(1): 1 —10.)

[4] WANG Y Y, LI Q J, CHANG M, et al. Research on fault diagnosis
expert system based on the neural network and the fault tree technol-
ogy [J]. Procedia Engineering, 2012, 31(1): 1206 — 1210.

[S] LEFEBVRE D, DELHERM C. Diagnosis of DES with Petri net mod-
els [J1. IEEE Transactions on Automation Science and Engineering,
2007, 4(1): 114 -118

[6] RAMIREZ T A, RUIZ B E, RIVERA R I, et al. Online fault diag-
nosis of discrete event systems: a Petri net based approach [J]. IEEE
Transactions on Automation Science and Engineering, 2007, 4(1): 31
-39.

(7] PN, XU, SRETS. — AR R GRS WII s it (0], $4)
FIRERMA, 2013, 30(11): 1462 — 1466.

(SUN Rong, LIU Sheng, ZHANG Yufang. Design of fault diagno-
sis observer for a class of nonlinear systems [J]. Control Theory &
Applications, 2013, 30(11): 1462 — 1466.)

[8] ZFIE, MR, wl /M, 55 UM ST AR (1], RS S
N, 2012, 29(12): 1517 - 1529.

(LI Juan, ZHOU Donghua, SI Xiaosheng, et al. Review of incipient
fault diagnosis methods [J]. Control Theory & Applications, 2012,
29(12): 1517 - 1529.)

[9] Z4kss, RYERY, ERL, & —REBFMH RN RESSE 1]
BB SN, 2007, 24(4): 621 — 624.

(LUO Jiliang, WU Weimin, DONG Lida, et al. Supervisory synthesis

for a class of discrete event systems [J]. Control Theory & Applica-
tions, 2007, 24(4): 621 — 624.)

[10] YANG X, CHEN L J. Design and fault diagnosis of Petri Net con-
trollers for Petri Nets with uncontrollable and unobservable transi-
tions [J]. Journal of Manufacturing Systems, 2009, 28(1): 17 — 22.

[11] CABASINO M P, GIUA A, POCCI M. Discrete event diagnosis us-
ing labeled Petri Nets-An application to manufacturing systems [J].
Control Engineering Practice, 2011, 19(9): 989 — 1001.

[12] FANTIM P, MANGINI A M, UKOVICH W. Fault detection by la-
beled Petri nets in centralized and distributed approaches [J]. IEEE
Transactions on Automation Science and Engineering, 2013, 10(2):
392 —404.

[13] BASILE F, CHIACCHIO P, TOMMASI G D. An efficient approach
for online diagnosis of discrete event systems [J]. I[EEE Transactions
on Automatic Control, 2009, 54(4): 748 —759.

[14] BASILE F, CHIACCHIO P, TOMMASI G D. On K—diagnosability
of Petri nets via integer linear programming [J]. Automatica, 2012,
48(9): 2047 - 2058.

[15] CABASINO M P, GIUA A, SEATZU C. Fault detection for discrete
event systems using Petri Nets with unobservable transitions [J]. Au-
tomatica, 2010, 46(9): 1531 — 1539.

[16] CABASINO M P, GIUA A, LAFORTUNE S, et al. A new approach
for diagnosability analysis of Petri nets using verifier nets [J]. I[EEE
Transaction on Automatic Control, 2012, 57(12): 3104 - 3117.

[17] LEFEBVRE D. Online fault diagnosis with partially observed Petri
nets [J]. IEEE Transactions on Automatic Control, 2014, 59(7): 1919
—1924.

[18] DOTOLI M, FANTI M P, MANGINI A M, et al. On-line fault de-
tection in discrete event system by Petri Nets and integer linear pro-
gramming [J]. Automatica, 2009, 45(11): 2665 — 2672.

[19] . FET PR ML SEIER SR DES HBHEH (1], 2 HI3S 5N
H1, 1997, 14(4): 708 - 711.

(DAI Xuefeng. Supervisory control of real time DES based on neural
networks algorithm [J]. Control Theory & Applications, 1997, 14(4):
708 —711.)

[20] BASILE F, CHIACCHIO P, GIUA A. An optimization approach to
Petri net monitor design [J]. IEEE Transactions on Automatic Con-
trol, 2007, 52(2): 306 — 311.

[21] BASILE F, RECALDE L. Closed-loop live marked graphs under gen-
eralized mutual exclusion constraint enforcement [J]. Discrete Event
Dynamic Systems, 2009, 19(1): 1 — 30.

[22] BASILE F, CORDONE R, PIRODDI L. Integrated design of optimal
supervisors for the enforcement of static and behavioral specifications
in Petri net models [J]. Automatica, 2013, 49(11): 3432 — 3439.

e R

XAE (1970, F, =+, BEHIFESI, HATHFFT RN 3
RBIEE S RS SR 52 0. A T8 A8 55 SE L%, E-mail:
livjiufu2@126.com;

XICR  (1988-), 5, WILWFFLA, BRI [ A v AU
HRARBAIAR, . SRR 52 HT, E-mail: automatic3.cn@163.com;

AgE  (1990-), B, HLHFE, BTy ARG
K AELME RS, E-mail: 278502685 @qq.com;

XUMERH  (1992-), 53, BB A:, HRTRFS [F ok v ARSI 3
. BEEEHEA RS, E-mail: HY Liu-seu]1992@163.com;

FERME (1970-), 5, 14, B, LA SIW, HaTHFT R AME
SEEhEH], SEESWIEORSE, E-mail: wangzhisheng @nuaa.edu.cn;

XA (1955-), L, W, Bd%, W44 90, HArHiois m kil
BRI S5 AT JEett R RbFH), E-mail: liuchsh@nuaa.edu.cn.



