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Application of path information of labeled Petri nets in fault diagnosis

YE Dan-dan, WU Wei-mint, SU Hong-ye

(1. State Key Laboratory of Industrial Control Technology, Zhejiang University, Hangzhou 310000, China; 2. Institute
of Intelligent System and Control, Zhejiang University, Hangzhou 310000, China)

Abstract: Concerning the fault diagnosis problem of a discrete event system which is modeled by a labeled Petri net, a
structure based approach that utilizes the properties of paths is presented. Assuming the structure of the labeled Petri net
is known, faults which are hidden in sensors or executing devices are modeled by unobserved transitions and some other
observed transitions that are labeled the same with the regular ones. Firstly, several transformation rules are provided to
simplify a priori, the structure of the labeled Petri net, before the diagnostic procedure. Then, multiple path constrains
can be derived through partitioning the transformed Petri net into particular paths. Finally, with the corresponding path
constrains, some constrain rules can be formulated, then the results of fault diagnosis are characterized after observing
a labeled sequence with the use of the constrain rules, moreover, the probability of fireable of the fault for the uncertain
situation can be analyzed. One of the contributions of this work is scaling down the memory cost with the transformation
rules. The other one is no more seeking the system state space for fault transitions benefiting from the structural constrains.
Moreover, the computational complexity of the diagnostic process can be much reduced owing to the limited number of
paths.

Keywords: discrete event systems; fault diagnosis; labeled Petri nets; sub-net information; net structure conversion
rule; path constrains
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1) $5%5 Petri W H IE 5 H ] WA AR Lt € T, ress

2) B2 Petri WM b H AT WAL ¢ € T, ;.

J& TG T, ;o I AL T [F A 0] B 8 T A
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RS T). b LI 2 ), Wi n] R 2
WK,

ARRART RS T, RE R R brid N e AR &
AL FIRERT LA NS FEE T, BT, e, B2 N TH
PIAN 26 A

1) bR Petri P IE 5 HATTILIARIEE € Ty regs

2) br% Petri W H i HAN AT W ARIE t € T, .

EX 15  TE#AL Petri WX 25 58 — 2% 1] WL % 1%
Ton APEARIT t € , I, HFRABPERRAT, i A 7y

e — SRR T € IT,, Foi R rT 42 1
BB LI RN, IT, Fon i B AR R &

E M 16 TEF Ak Petri W H, 45 52 — N AT WL T 41
o, HArid R T E, —MPEZHids E L NA © E x
T; — {0,1,2},i = 1,2,... . k. \IWLF 5l o () s —
AFRIC R w, Z 2 W2 P2 W g R

1) 24 Aw, tf) = O, Petri M R GEAT N AL IEH [,
MbEAST ¢ B R

2) M A(w, ty) = 1BF, Petri W R G472 S HIA
TEI, AR ¢ FTREUR

3) 2 Aw, ty) = 2, Petri W RGE1T N2 MR,
WAt — K.

EX1T  AE— DAL Petri N 1, 45 5E — AN &
LW Aw, ty), 2B #bric Tag {f 52 a0 F:

1) 34 Aw, ty) BIE R 012 B, Tag FIME A 257
¥

2) M Aw, ty) E A LB, SR B 42 AR 8 T hrid
N w IR AT A 4 A5 B e, L A R L e ) T 0
FRAFAEI—PE LI, BEIS Tag HIME N 3;

3) 2 Aw, tp) FIME A I, # b % 2 AR J8 T 4
Nw BRI R AR AR A rh, HO B R A 5 e 0 ] 00 2
AFAE AT IR LYo, ) Tag IE R 2;

4) 2 A(w, ty) E A LB, SR 42 AR 8 T Frid
N w IR RT A A5 B A e, L A R e ) T 0
BEATFAE A S VAT PE LU SR L A S8 S MR 20 3R
PR 53 ALY AR DL S TAT TR 20 3R, R Tag IE M 1.

ML WA AR id Tag E A 2 2B 24/ Arid A w
1) AT W % A2 R A 10 D . 1% 788 o RS T 28 A il
Tag HIME H T HHEWT R ARIT ¢ f UK BB R)N.

HiE1 BT Petri W ERARAE 2 B MR 12 W7 B

N — ERZE 1 Petri M (N, myg ), — A AT AL
A FEARIC w, MRAST ¢

itk MES WS A(w, tr), Tag, n.

step 1: F& T~ % 44 0 £ 00 45 21 % 4K Petri I (IV,

mo);

step 2: T 215 2| A WAL AR & 11,;

step 3: & m = my;

step4: WM 2 — MRl FHlw, &m/ = m +
D(-, L7 Y (w)) A em = m/, Tag = e,n = 0;

step 5: for — NI ERAE 7,5 € 11, AFLE L(mh; or
&) = w, 2 I, PAWLEEAE 7,01 B0 N n, do

1) if L(7Y;) = w, HFF5 *Frid 7, return

2) if my; € IIy return

3) if &5 piwh, Mre, BhRid 1 555 *return, i th
Aw, ty) = 2,% % 46);

4) else

5)if FF7E— Sk ATk 70,5 € 1T, 45 mimh Rl 7s,
BIbric 7 #F'5 * return

6) if moi (s, con)m,; return, ¥ % 43);

7) else

8) if 7,; (s, com)m,; return, % % 43);

9) else

10) if 70 (s, s)7 s return, §% 2 43);

11) else

12) if 7o; (p) 7y return, §% % 43);

13) else Tag=1,fiith A(w, t;) = 1,% % 46);

14) end if;

15) end if;

16) end if;

17) end if;

18) else #£% 12);

19) end if;

20) end if;

21) else #2:6);

22) end if;

23) else ¢, ARICFTT *;

24) end if;

25) if (s, con)m,; return, §% % 43);

26) else

27) if 7,; (s, com)m,; return, 3% 23 43);

28) else

29) if m,; (s, s)m,; return, % 33 43);

30) else ¥ X step 4;

31) end if;

32) end if;

33) end if;

34) if 7y (p)m,; return

35) if &5 miwd, Ml s, ¥IhRic T 455 * return, $% %
43);
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36) else Tag=2, i th A(w, ;) = 1,33 46);

37) end if;

38) else

39) if 7y (€)7o, return Tag=3, % th A(w, t¢) = 1,
7 46);

40) else ¥4 4 43);

41) end if;

42) end if;

43) K A(w, t ) = 0,52 46);

44) end for;

45) S w;

46) if w e — TR AT AR T, i i step 4;

47) else 5 HREH S

48) end if.

% 8 — AN ARAE Petri 0N, M) T 190 45 40 A0 R0,
n] LIS B H 4k Petri B N, 1E 34K Petri W 1, 5
B3 W 25 4 43 85 th 22 2% AT LR AR A IX AN W] LR A%
EAPAE TR T, ARG E]— AT
AEARIC w I U 20 — SF DR AR T A TR IR
BNk, BN 1% A LR AT (RS an &% A B & 1R 45
LR RIC . [R5 I B FE B BN AFAEIR 2 Mt I,
B AN A B 15 100 75 EHEAT A TR B 70 A

1) o —Ffei 5L 2 BT A F6 B T sh 2\ B Al
PRATIY AT PR R AT

O X e T] WL kAR b Wb R A (A AE U0 T AR
— ARG R, B TS STE L R R R AR S
PER R A& R R RN IEE — @A SR BN
R A, AR A RN 3 ~ RN 5, LI W R AR AT ¢ — 5
AWK,

@ FAAE AN —FhG I, 243X L8 0] WS A 5 it e
BEA (B AN 2 IR 3 Fh ATk R, HH i — 252 4R
G5 U2 1R 25 U ObR AT * 1 AT LR A S Wi AR
() A7 AE P AT 2 R 6 ZR I, R AR 3T ¢ 47 AN T AR
T, MR AR TR AT e B 7E Bk w R A% v, )
WP AR ST A T RER IR, A SR AR Tt AT 3 R
AL, Ho— B AT REAE EIR TR AR T, W ¢, —E A
WO

2) Jyhb—HiE DL BT R A HEN R0
AR T RS

O A% B AT I R AR 45 s 2 1B 45 I b
0 Mz R AR T — E A B R A, MR Ae T
ty —EEWAK.

@ LI AT ) L 4R 45 R Bl & b g S
RTINS SR 7R 2 N 3 R DL

a) B 1P B L, A — SRR IR 4h AN bk 25 S5k
PRIC R PTR AT Gl B % A0 5 e e e 4% ) A £E Al
THE LR R, LA R ST L R R
AR R TR S B 5 AR AR U 3~ B 5,
WFEHE — AT MR B A, PEI S AT ¢
—EAZHK.

b) 2R B0, 7 IR 3 TP 4K R AN 2, B
AT W AT G R AR TR AR AE P AT PR LU TROC R, U
BEARIE ¢ — AR

c) £ 3 MBI, bR 25 ik 4 R L A o, W AR
t A T RRIOR

@ %A AT L AR 45 RN 28 1R 45 R — 1k
rac =, IR ARE ¢ ¢ 35976 T REIUK.

FE—MhRZE Petri I H 45 € — AN PRI S AR AR 1
w. 8P RE L — I A i SRR IE
OB 154> “if” 56, T 24 15 I SR EU .
T2 7> “for " G IR 75 B3 i — IR Bk, LA |
AN “for” i, W “for” JEIAHH B FTA A H T Eafe LA
a0 K. DR e B — I B | TR BB S R R
BT +14+1+1+1x[(1+1+14+1+1+141)+
(1+1+1)+(1+1)+1]+1=18 5£Gnmh &
250 IR 25 7 IR ) e 12 Wi D7 VR AR B, BR25 1 T B A %
PEMFE R O(2m) FEAKH] 2 B 2K O (n), 5201 2
TR I FH e s B A K

SR AR B R W Aw, t) AT BLZ T
WS AR T ¢ 1 3R S, AT A(w, ) = 1TITE N,
ISRASBEFI W7, DRI 75 B4 of i v e R AR RDIR S,
o tH RO LB 1 TR B HE N — 5% R B AR B R
18 1% AR 3B AN B AR WU AR ST Uk R (R
S ] DA BRHUERARST ¢ T REBOR HOMESR /DN,

BiE2 R E RN — Sl AT I AR
A

BN WEZ W s A(w, ty),Tag, n;

Bt MEZRAE (s ).

step 1: ML 2] — AN FAFR I N w;

step 2: if A(w, ty) = 0 return p(ny) = 0;

step 3: else

1) if A(w,ty) = 2 return p(7f) = 1;

2) else ¥ i step 5;

3) end if;

step4: end if;

step 5: if Tag = 3 return p(m¢) = n —11- 1 ;

step 6: else
1

n+1

1) if Tag =2 return p(7y) =

’
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2)else p(y) = %;

3) end if;

step 7: end if.

FERE 2 A A “if” 26, BVE TR E AT 41K
R W, R b3t ) — R B30 2, e KT S H0N
1+14+141+1 =548 MEEHENE
17 25 5 A, £5). 4 Aw, £ ) f48 59 0 1, Tag 191 9
TR RN MR AR — B AR A SR R )
HEN R B A 2 A(w, ty) BB 9 2 I, Tag A 358
N AT R R AT — 5 KR FE R Bh & i b
PRI M Aw, tp) BB L, Tag FHEA N2 2758,
it A W TS N R A B 2 Tag i85
N3, FoR TR AR AN IR T AR 1C 8 w B AT R AR 2R
B, BSR4 B HUR A n, HLHOR R AR AN
FR AT LS AR A AE R — R 20, R B i sh g A e
FIMEZR A p(Tp) = 1/(n+ 1); A Tagid 5 A 20, FR
TR AR AN E TR IC A w AT B AE& h, Hob b
AR AN oh AT WA A AL TAT PR L0, R R R
AIFANH MR R p(rr) = 1/(n+1); X Tagid
5N VI, R MR A IR T AR 10 8 w I TR AR 2R
i, EL R AR M e ) RO R AR AN A AE TR ST
TEPEPATIELR A% SE PR R P2 70 R A2
WELSAPAT LR, B AR H S HEA L 20
p(my) = 1/n. AFEHE RSN A I i 2 12
HIREZAE AN P(rry) = p(mpr) + D(mp2) + ..o + B(7pi),s
Forr g g s g A i 2

Bl6 =5 r& K 2 s f IS WL AR 2E Petri M 5
gr. A H AN AR R N B RS E RN T
B I, R AR AR (R te). BN, T — il
B N 5 RIS B R IE TS (R te) M5 B 7 E A%
.

4 M MARIEARIE A w = a. B HERARIE ¢6 1)
AL A% N @ AN @, PR MG FE 7 I Bl a3k N e 2% A2 1)
WEZ N 2/5. [FIRE, A0 & WU A8 1T 1 ts HLAZ 46 45 s Y
FRCANIE a (AT 9 @ NG, R L FE sl kA
PR A AL 9 2/5.

R AT AR TR IE N w = b HAEGNOMQ
I, W R AR IT ¢ B P RLBE AL A QA @, B ML AT H I 50
HEN TR B R MR N 0. JH AN @ TG, i f
it AT WER 128 @ AN @, (R L FE 15 I 8l kN i 5
A @ R N1 /2, RATEH Bl BEN B B A2 1Y)
M2 1/4. JHE N O QI M FE AR T ¢ (1) 7] W
AR N @G, B L E 1 I 3 3k N e i A2 M 2

NO. 414 N@FI G I, WS IE b 0 7 WL B
@@, F AT & 20 HE N S B 12 @ I D ¢
A, BT A A MR R O A 1 /2.
4 £

14— A Petri 111 48558 T — AN A HELASR
HPE O T 2 2

B4 FTHLIETIZHORRIE Petri FIHEE

e py REFEE RN ZAE L R ORI
FRAZIR I ER A, ARt B P AR RSy TF, PSR
B3 B PR S AN RN A2 = 2 b BT P A 7= 4 Bl P
P2 ~ pe R [RIEF, I T BRI AR 72 2 HH R T pr ~ pia )
B B S R AN AT AR i e ~ £10
R TATH . WEE WREMME SR &S, T
AR IT b5 3 7~ TE B b K AR B 3 NP AR b 72 AL 3
S TE], G S — AN AR A THT ) AR 7 R B B B T 1)
HE TP 2 (e15) BUE RO S I AR 77 26 7% 3] F Tl
[ A 72 26 (t3), W 37 I 2B i B, s AR T [ 4R & A2
Ty = {e13,t3}.

%Ak Petri 0 55 7Y o 1 WA B A% R A B 2 A S
1T 8%k, W FFTR: B2 D A (L1, p2, €13, D3, t3), A D
N (t1,p2, €13, D3, t5), B A2 @ N (tr, pa, t3), BEIE @D N
(t1,p3,t5), BEAE DN (1, pa, t2), A ® A (t2,ps, t5),
AL DN (ta, ps, t5), AL ® N (t3, D5, t5).

I FH D) 235 ) A AR N, T DAAS B AH B () 54K Petri
WA, W] 5 . H iR R ©, @, 3, ®. 1
M D,0,3,@5 @AM — L H K R,
AR ®©, D5 @ ZIAAFAE AT R K & AT
BIEQE @ HAFET M 3 ML ROC R,

5 FHLIBIIZRIEEL Petri HAREY
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GHE—ANTTETF R ILw = a BB —M
AR AL H RN TR O,Q,3,@LLKL®. 7]
MiEg1ED, D, d®, @ LU L @ HIEIA L MR LA T . [
I B HE R AT O LA KX @, 1 5 1] A
BEIAla,e13) = 1, FELIT 13 " RES WK, FEH T
BE N R A MR 2/5. H2, T ARIC b
LI 2, # b AR QWA FE H AN &, s 12 ®
BAFEE RSN, B A(a, t3) = 0, EARIT 3 —
TEH K.

FEHT AN ) AR T AR il w = b DB R D, ®
®,®, DU L@ BAFRILH fMEEZED, DL DM
2k g Sibrid TS TR ©, D LL A ® B
R4S RbRIC T /F 5 = A — PR A R AT A R
AL FEE AR B A AT MR R O, O LA D). Fl Ik
B A RE B & iR R AR O M @), PR AR 1T 45 1
iR A2 N QAN Q), FE H I s #E AN HIHEAR 0N 2/3. #
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1/3. i I5ARIT e 13 M 5 9 T REBUK.

BRI AR IE AR I w = b FEH AT REF — KR
AL MR O, QLLLG. HIILIEH I Rt sh &
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Q, L H M BNIE NI R 2/3. SBEARIT ¢5 (M P
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AR AR UL 28] FRT AN [ 1) =42 e A ] DA B H e
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F 1 FEFAMEGFT o ISHLE

o A(a,e13)
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abb
abbc
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5 STt
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