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Propagation path identification on faults in finishing rolling process based on
HMM and BN
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Abstract: For the problems that there were a large number of redundant connections between the variables caused by data-based methods
and the information loss between the variables caused by knowledge-based methods in the field of the propagation path identification on
faults, a new method for the propagation path identification on faults that combined Hidden Markov Model (HMM) and Bayesian Network
(BN) was proposed. First, the knowledge of the hot strip rolling process was constructed as a qualitative BN structure, and the dimen-
sionality of the data in the hot strip rolling process was reduced by the principal component analysis method to obtain the observation se-
quence required for training model. Then, based on the normal historical data after dimensionality reduction and its log-likelihood value,
the conditional probability table was established for BN to identify the propagation path. Finally, the fault data and their log-likelihood val-
ues were used as the likelihood evidence for BN to identify the fault propagation path. The experimental results show that this method can
accurately locate the six variables where the fault occurs, without any misdiagnosis or missed detection, and can accurately identify the
propagation path of faults.
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ian Network

WAL AR, AL T AR ORISR A R AR OIS T T Y
AHVETEfE R TE, TR AR p 2okt AT TRk, Gl RT AR R AT SO FLE T R A
%, EEAART MR RS2 WL TR

7S FER: 2023-05-01; fEITHHR: 2023-08-05 T B2 7 v AN T80 Ao s s s
EETIE, WL FAREIE S I H (F2018209201) ; Bl T FEF R A2 W el B A R AR

BHE R BB R B (22130213G) 5 B i A A ¥ B35 H SIS 2 Tl st BT AR GRS B, DAL

(B202302009) - 4 N = L R YA
ST R R A oF Tl 3 B o A7 i i 2 W
EE®A: WD (1982-), %, B+, B f Bt fh A » AT S L

E-mail; 330892162@ qq. com FE ol v, B0l 8 w1l A i o KL iy s o R 4K
BEMEE. kIR (1975-), B, ML, ¥z PSS, SERP RIS B I s s P e SRR

E-mail, rehuhang@ 126. com TR 43T 4 2 5 B o e



164 B E

oA

U 48 4

RIS EAE BRI e R R
PUSNE R SR, X PERERY At A 1 VR

B b /RBFRAEAY (Hidden Markov Model, HMM)
AR REAR [ S B TRl 1Y, A s 8 o ) o 2
WARH Y, HAER 2 Sirh Xy Rl AL iy
BERE T o ZOTIETE T X RFRE RO, REAZ TR
HE A RS, RE S ERFEE . B
Fatk . B 20 E S AR5 h
T A PR RS TR G RN T 3 2 Bl 2 2 TR Y AR
HAEN, 12529 HMM S22k 1 S 30 28 A 0 46 I
g th A BEHLIR & ot RSB | o AR AR B e ey B
ATEE gt A, SRR IEE SRR
RIRI G BEEA T E AR, DASE B R BeAGm ™ o T it
VR BRI 2 BT AR, Sun Q L AR 1 — b
AL/ INE T A I R AR 1) S, S AL SRR ik
HMM AHES S 88 7 i, HLE s A 3k it HMM
R T PR i e B B S Ry il e I, AR 42 T2
WrtkRE; b T AR BEIRAU R ShHLIE & Z T8 A 5 1)
B, Dong L 451§ — AR A 1 HMM KA 5 f5 /)y
FEN PR SR ARG S R 20T %

DI 2% ( Bayesian Network, BN) J&3&F 1
R — RS2, RS RS RS & 1)
— PPk URRAET R IESE B T LA DL R 6 v
I TEC S BAFTEATRE R OL T, i
BRI BN A7 v TERER LT, B3t
PHRIRAR AT RE R T AR 26 PR 52 A L s A 1T ™ A
B, PRI, @ERARKRHUR A G, Bk, Bt
PR TR AN RSB ) TR T e 2R A A
ISRk 5 A I M PR AR A RIS W TR
BR TSRS SIS, BN 7R HABR 2 U89z
W, HCAnRUs e e A TR AR

HI HMM J5 B B (e AT 0, TR A0 4L
U b AR SR I ROCR (B2, T HdE
AR B BRI, I R 2 A T A A I A 0 A g A
RIEARR B 2 py ), Rk, 3l 6 3 o3 43 B
( Principal Component Analysis, PCA) XJ%dE 75170
PR, BN HA T A R RIS R A I L
EUEA I ZRIBRE ) FIA] SE O HEREZE R Rk e
W I3 s BE 5 IR AR R RN R EE G kR

HAT, AL SRS TS shas, M
BASEZ R e, BOR BB i B — 2 R A 7 vk 52
s R HL R R AR AR 2 W, RS S5 AR A Y
456 07 B WK A IR HGR . Ji i PHMM-BN
(T AT B R B IAGR - DU - R 4 ) ) J7 1%

RS RS &, RSB B AR AL AU i e
ARAS T PR KR 12 W AL R A P

1 EARHER

1.1 ERHHHH
L PCA #EATEE AL PR AR AN T
(1) XbKG 5Lk /& vh i J 4f B8 25 47 40 B e Al
1, HD 3R, B8 m, B 0508 n,
(2) IR (1) XEIEAIE p TR

1 m
=—>0D 1
n m; ] (1)

X D, HFED RS ¢ 175 g=1, 2, 3, =+, m,
(3) ETIHE p XA D JE4T R b A
L A S AR Z R .
Z=D-p' (2)
(4) HEBIEHEIE D MM A, A,
A, MHIRRAEE R e, e,, -, e,
(5) M (3) HHHEFERSWTIECR 0,, 5T
HRZE B — B 85% L) I
A,

WY
it:':fj /\h ﬂ\j’éﬁhﬁ\%ﬁﬁ, h:l’ 2, 3, -, mo
(6) MR TR I/ b AME R, %5

K E=[a,, a =, o], REREX (4) 5
FEdE S I RE O

0]1

(3)

0=E"Z (4)
WL PCA XHHRHAT AN Z 5, AR
JRIAE B el -, SRS TR KGR, LAt
SR PR AR (1 3126 AR BR800
1.2 FBO/RAEXER
HMM @R H L. M, =, A, B AN, H, L
RBIREE, M WIEN L, 7 ) R ROIR S 5
M, A NARESFERAERE, B A IR 25 UL I0 AL R 50 14
I B, LA M IFATEEATING, i
HMM £ Af RLFAE R A
A=(A, B, m) (5)
X HMM ) F 2 BT R i T,
(1) L, WL TZEIPaE LARIRE (S~
S,), ¢ BZIBERAS ¢, RN
q €[S, S, =, S] (6)
(2) M, AEFLIRRP PR 2 B M A
5 (v,~vy) o B, ZERZ] e nTREHEEDE 0, 4.
0,= (v, vy, ==, vy) (7)



$124

PPAREE . FF HMM F BN AR 5L R e 15 38 A2 R 1) 165

(3) A, #HWFZ  BPRE R S, WIEEZ] (1+1)
AR S, MMER i BAREUEICH o, B
A= {aij%LxL (8)
(4) B, B JIRA S P2 AT 51 0 AOAERAE,
HARBUEICH b, :
B:<bj1)L><M (9)
(5) @, w=(m,, m,, -, m,), FREWERE
MIRES, 10
a=P(q,=S), 1<r<L (10)
o g, HRIERARAS s S, MIFZ r R B BEORZ
1.3 NAETMZ
BN fBE 3R A Z RIC RIWIRES, MITIATE
FHR AR FEEA AN AR B R )@ - B LA B
TR#, BN M45H & 1 & ST 19 25 A28 i 22 ]
(R0 R AR, 45 0 2 B0 B DL 38 28 =04
3 S B e 1
DUnEHr 48 AL G e B0 ME R | R IR . AR
RARA MR,
(1) JeloMbR . FoRFEH ML Bt S0k &L
ATREPERAG T, T8 ARSI AT TR A
(2) JEEAMER ., FEDIE L b, B — Rl ALAR
ST L OGRS
(3) M. FoRE—FREMNTHET, 5
—Ji R AR, X (1) oA C M D g
F, FER0E D RAEMETHE T, 1 C RAERER,
P(CD) _P(D1C)P(C) (1)
P(D) P(D)
KL, P(C) WM C LERME;, P(D) NFEMF
D RAEMMER,; P(CD) REMF ¢ D FIE & AR
R, P(DIC) KFEMC RAEMTHRET, FD L
AR, P (CID) NEfE D RAEMRTRT, F
Pk ¢ KAERMMEE,
(4) BREMER, RN A ML & A4 w1
WM C MFEF D EGER P(CD)
i L T 2B 110 5 B RN

P(CID) =

(v-p)
1 _w?®

O, u, o°) = ‘e ¥ 12
O, u, o) i (12)

K o 2 v AWIIME,
W 1o SR BRECH

n 1 7"1072
L(M’ 0-) = H e 2 =
w:lma-
1 iU
(e (13)
N2m O

A v, B w AW, w=1, -, n,
XFEALLER PR -

1 n
In[L(w, o) ] =nln - —Ino* -
V2 2
(v, =)+ + (v, —p)’

(14)

20
2 PHMM-BN 7 3% 8y 52 3

X IR AR R HEA TN 2R T 19 2S5 T2/ PHMM-
BN f#

(1) RH PCA Jyrik AR a8 a4 B, JExT
Bl AT A — b Ab 2

(2) HaxE LA M ESHL

(3) #ZHMM: A=(A, B, @), JFHiEZSH
OEIEGHIER

(4) FEHEST W LAIE R R B e A 7 S 4 A7
W, AL HEE BN RS A, SR R K
At ( Expectation-Maximization, EM) 5 5 dE 17 I 2k,
FEEN MR Fear RN NS IE/NS 8 S NI EZ S o1 [/

(5) FPEPE B X EISR  (Log-Likelihoods, LL)
(EHIEA TR

(6) Wit ERFH MR EME BN R
P A ARG L B T L T A AR T AR T |
L), MREERH DEEZRMCR, WE 1 iR,

wih ONOVONECNONED,
B oéak®€§%® )39
T IO ONOAOAOROAC

Bl ORI T i R A i S AR 1

Fig. 1  Variable relationship diagram in finish rolling process
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Fig. 5 Fault detection result of PHMM method
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