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Application of structural information of
partially observed Petri net in fault diagnosis
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Abstract: For fault diagnosis problems in discrete event systems, we propose an approach based on the structural
information of partially observed Petri nets. This work consists two parts. In the first part, the diagnosable subnet is used to
determine the diagnosability of the fault transition. In the second part, a method is proposed to online diagnose the fault if
it is diagnosable. First, several basic subnets are used to analyze the structural information of the diagnosable subnet of the
fault transition. Then, the flow of tokens in the diagnosable subnet is described by the sequence of observable transitions
and the structural characteristics of the diagnosable subnet. Finally, by defining the failure function and giving an example,
we described the fault. With the structural information of partially observed Petri nets, it is not necessary to traverse all
states of the system. Because this approach is with the computational complexity of polynomials only, it meets with the
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real time requirements.
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2 FEAWEE (Basic concepts)
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3 HkEi2 Wi (Fault diagnosis)

3.1 WEER A2 W (Fault diagnosability)
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3.2 FETF 45 B 1M 2 W (Fault diagnosis
based on structure information)
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Step 6 m T2 ITHE, &2, #StepT; 17, #Step 9;
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prE RDWARIT 7 Bllw B 1R B K B 4G 2D (p, w) =
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[m/ (p) — my(p)]; XIS p WAL R Ui i 42 A2 AT
IR, 2 YRR I m, fEw T /Dt e E 2L
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752U P p Al (K1 5 K B HE 5 50D (p, w) NP (1, w).
FERIEAS T e S W7 R, AR RN A
JEFTpII P (p, w) h I, s N T Frp N 3 IR 6
FEAR TR £ Wk p N GHE, ATt A
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Tl DUIEAN T BRI, A 2 B AT £ R PR R A
FRAP TG, B HbEAT e K, 41T
B ANEF D (p, w) ANETH BAERER
L P O(p', w) K TH, HbE A AL RE, 15
DUANBERIE,, Hebsm] fEA /L.

TE—NERRRG D, F LRGP I A BE
YR SE BRI T S ), B 22 AR A [ —
R, HICHEE el g R Ht R a5
AN IR AL, 2SR SRR AR G ) AN T LA
EIRT5ES W LW MRS RS, AR
Pt T LU 2 4% OO IE BEA T (R 5, b — i
e A A T A (10 W8 i RS ] AR B3y iki2
Wr. {EE BT SEBR AR L1 R R — T S 2
HARIE 2 AN BT A AT L 2 AR AR
HHERT ASTAN AN TR SR R,
FAAEIR Z AT REPE, X FUR b — B A RENE A2 (115
O, PRI VRIS 2 T LA AL K7 S B R G

B EIRJULAS T B A e B, i R

A

]k 3 T Petri S B IS W 2.
I Petri N, Wifs21T ¢, nPIAST 5w A

WILHFR M.

Wit A(w, tr).

Step 1 F M ARIT ¢, IR 1 N, 5

Step 2 R 51 B Wree e 77 & 1T 2 Wi 1), 2,
H:Step 3; 17, ¥ Step 7;

Step3 Vp € "y, AR TR 20 5 E Frp
(110 (p, w) R (p, w);

Step4 Vp' e, WAl FVE U2 0 LR prp!
Mo(p', w)FE(Y , w);

Step5  11HP(p,w)MP(p',w);

Step 6 MR THA IR LA (w, t);

Step7 BHEVEL.
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DA s A i A8 X 1 i N2 T R i+ 26 B v i B TR
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ARIE, R GIERL, PRAE T #5747 AE nf 2 WM, 5t n] LA
MATIARIE P Alw 26 &5 B B A a1

WAL, RV RRE 2 ). AR s AR T n 2 W1
RPN, R 5 BE2A0 5| BE3, 5 C 505 M P AR T 3
H UK RE A L, HE S L e AR 3T 14 BT A N
Frp M BT A i 1 126 Birp! AL 8 e K B HE 8D (p, w)
MP(p', w), A FARRT, HAEE A Fpi
D(p, w) JF I, X NP Frp N EFE 15, MR AR IE AN
fiRE, M R A BN EFT P (P, w) /D
A, L P PR R EOR TR A AT
L BT R EEON OB, XA DU AN A B
(1, 5 2 R AR TE WO R AN T T H, Wt e
AIE R, AR AR TP (p, w) ANEE
TEHERAETP O, w) KT FI, kA
ILAHRE, Mkl RER .

SRR3R IRME T ARG R IR BRI, &R
FNPRSLHCR BRI, (H2 RS Petri UL
(K14 BB R SE SRR B2 U T, B
AnARTCHL, REGURESECN 2", Petri M 45 i m
AN, TR AR T AT 2 IR H & R D,
DAL R A2 1 ) &5 Bt B3 AR AL SR e B L
2 WA, 5 RS RPIREEOTCR. B ATy
PO PR 2 W A I 45 5 R, R AR T
BATZIE, 2 ik SRR R R 40 AL
Ry 0 S 00 2 A, 3G AR,

I T AR R e A P SR3 BEAT W RS .

K3 .
£ t, T

D, D,

K3 —Arizi R
Fig. 3 A model of diagnosable subnet

P 38 B AR 3T ¢ ) T2 W T AR, AERTAE AR IR
N, m(ps), m(ps), m(ps) ¥ R F, B % AR T R
0(ps) %, WIENEFTp, po T IIHE H EI A0 (ps), 1
e\ Mlpy, po AT, ey U IREICN 0 (ps ), BRI
NP3 FIFE H ECN 0 (ps), 528 3Tt R IR B
E(ps), Mg /N 2 Frps IR 6 15 BN E (ps), IRTE TR
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Prps i K AR BN P(p3) = 0(p3) — E(ps3); [ Dy & Dy & Py b

AT RIT L WO IREUN 0 (pa), T JGUH PR p, FRFE
B, Wp, B KT NP (ps) = 0(ps). HTps3
Flpy #5 AE WP AR I ¢ TS N T, DRI BT R — A
BRI ) B R SR FE B U 0, WAL ANk
L BTt BORIRECN €1 (s ), AR AT s ISR IR
HE(ps), D, tailts 4 B 53T 45 K4, W6 P ps 1) 5 7
THFEHECNE (ps) = &1(ps) + &2(ps): BT te WK IR
B0 (ps), Wps H i KIRAFEHECH O (ps), KILEERT
ps PRI T EEC NP (ps) = 0(ps) — E(ps). 240
Jrps I B K B HE 1 20 TOI, 75 B AR 1Tt
WORKANTRAE T, WO KA T, IR T —
JE R A PR Frps Flp, S5 K B 46 15 205 AN 90,
BI®(ps) # 0, D(py) # 0, HFEFTpsH 5 K AL
K TE5ET0, BId(ps) > 0, BEI M AR it GE, 4
Rl REA .

4 SE(Example)

W4T 7R, 45 T — AN A2 7= 26 ¥ Petri I A5
RS S0 WPWARILART, = {t1, to, t3, ta, t5}, ANAT
MARITAET, = {e6, €7, 8, €9, €10, €11, €12, €13 > TP
AT Aers. VLIRS WD p P AL E, RERHE
L, LRI IR R il £ 13 N A2 = 2k
AR by, BOARRIRRERAS 73 TF, PSR Hedt N\ 4
TR AR P 2R, B R s Bl pe, BRORZE N R IR 2 5=
2, Wip, Blpy,. (XA, AR A 0 1, Bl
T Ty R RS — R YR, A
X I PR PDUAR T o U FIAS ] AR e 6 Elle 12 1)
Wok. 76 B PAEF=Z b, MFE 1 T pL 8N T
ps i, AR — A H&, X RE XK —MF
T B2, B N BIRRER R IERRA B, AR N
TRk, BIARIT s k. AR s g e rh — AN it A
BRI A 2R, AR MR & AR, AR e 3R

Ds &0 Dy En Dy

K 4 BUATRIEE L Petri AR
Fig. 4 Petri net model of damaged parts production line

HSEHE e 13 KT, &5 IRV ZE BTN H 2
I3 3 A ps, prs s, MR E AT Bl 1R 144,
WEISFT7. Fl e RO 5 B T2 1 Y, AR A
S B F BN%BEAL T e 15 4 R WK

—O-O-OA
D g & 6»

Ds &9 Do &y Do

S AT 79
Fig. 5 The fault subnet of fault transition

FOR, 19 2R AR i e s IR 2 1 A, 23 A
AR (2 W T R 25 A5 S ISP, %54
ILIPCTEITR: K () = 0, K(g6) = K(g9) = 1,
H(ty) = H(ts) = H(t;) = 0, H(e7) = H(e1z) = 1,
H(511) = 2, H(510) = 3. Hﬂﬂ:ﬁﬁﬁﬁﬁﬁm H‘JJ:().#?
W R ARSI, T PR AN RS 2331,
DAL, ) PSR 1 — 30 A L i N 26 P A £ 22 B 1 e
N L E L R PR,

A1 SRS A
Table 1 The fault diagnosis table

£(pi,w) D(p;,w)

i=3,0=2 i=3, (=0 i=3, d=2
t1 i=13,0=1i=13, £=0 i=13, d=1 1
i=8,0=1 i=8, (=0 i=8, d=1

w 0(ps,w) A(w, e13)

i=3,0=2 i=3, (=1 i=3, &=1
titoty =13, 0=1i=13, £=1 i=13, =0 0
i=8,0=1 i=8, (=1 i=8, d=0

i=3,0=2 i=3, (=1 =3, d=1
titotsts i=13, =1 i=13, £=0 i=13, d=1 2
i=8,0=1 i=8, (=2 i=8, d=—1

w = ty, LR VIR, EFTps P i RIRAFEHECR 2.
to WOROIR, W ps Hi/ NALHFE A0, I ps THECK
H AR ECN2. [F B 1S ORI B AR RO 1.
E O LIR, HE H P ps th B KIAFE RN 1. 8y, t5
FORIRECAH0, W ZE BT pe 8 /N i B 1 20 4 0, W)
ps TR KL BN, Ay, e13) = 1, R i
ez M AERAE.

w = titoty, LR LR, FEDTpsH EBONIRAFE 2L
H2. t R TIR, Wips B /DR FE A1, R tps
I KA FCHEEON L. [FIBE 15, 5 oK 615 2L
M0, t WOR IR, HE P rps th i RIRAFE HEOM 1.
E R IR, W ZE B ps v e /N FE B O 1, W) iy
ps IR FE N0, A(tytaty, e15) = 0, Ktk
Bie s — A K.

w = t1tatsts, tﬂ%ﬁﬁlﬁ\, E?F)fpg‘:fjﬁ'y{j(ﬁ)\%%
BOR2. 6O LK, Wipsth B /N i HE 1 501
eps PR L BON 1. R B n] 15p, s TP EROCT BE
FEH BN 6O LR, HEH PE Frps H i KIASE B
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WPRPIAR: Fl o3 ml W Petri X S5 R 5 AR L2 W g 373

O ts WO 200, W s B /N FE B #0082,
WPt ps ORI B BN — 1. A(tatatsts, e13) =
2, R Rie s — e KA.

HR 13 S48 Ry Petri X ATk B, W] LASGIE 112 1K
TR, BRI RS, X EAMEE 40 U ).

Giual'Y [PIEREAR IRV I R G0 mT Ik R s
) ARBOWM BN AR IT P Hw = trtatststs, WKL
THliFR VR 7 VA T 2225 JE s TSty (A 5L, (E& Tt
Pty (A5 B Tl B AR T e 5 2 1 R AEAN ™ A2 4%
SO, PRI 2 2R 0 B TR NN, B ) R G )
ASPRES A ], T A5 B B o Bl 2 3G K, aX 4 A LAl
FRIRTTEE VS S 2 PR3 0, 12 R R BRI, 1
ASCHTTIE T2 T R LRI, WA E R
AT IR A
5 45i8(Conclusions)

BSR4 1T Petri P9, A SCHEH T —Fh 3T Petri
SERE B2 W T, AR R AR T NS4S,
gyt T BEARIT (R AT IZ W R 44, AR RS T IR Al
b, AEMEEARIT IR IS W1 9 P AR TS T

R LRI A S e i AR P 2 1Y
(&5 R A5 5., (AT Bl 20 1 ] W AR 3T e 471, 4
H AW I N T IR A O, TR R AT Y
o N T2 P 2R T A ) B R BR A R, AR 3
PR AT P A e B8, P FH bt e B304 A e AR 5
(ARG L. BT V2 e A WA T 1 1R 45 44
FREAE A 58 ), TG 75 3 [ AR A 25 8], KK 9g> T
ARG LIRS, Pl R S 2 PEsg ik, oF &
Rt 2 i), v LA T TR 5
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