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Application of dynamic uncertain causality graph to
dynamic fault diagnosis in chemical processes

QU Yanguang', ZHANG Qin*, ZHU Qunxiong'
(1. College of Information Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China; 2. School of
Computer Science and Engineering, Beihang University, Beijing 100083, China)

Abstract; In chemical processes, it is necessary to effectively diagnose the fault on time in order to avoid losses of
economy and lives. Dynamic uncertain causality graph (DUCG) is a method, which represents and infers the dy-
namic, uncertain causalities of the process system according to directed graph. Based on the characteristics of pro-
cessing information, DUCG has its own advantages for fault diagnosis in chemical processes on a large scale. There-
fore, this article applies DUCG to realize fault diagnosis of chemical processes by constructing the object system
knowledge base and probabilistic reasoning on fault data. The data transmission module of the former DUCG system
is improved to deal with the vibrational signals in the chemical process, and to widen the scope of application. The
Tennessee Eastman (TE) simulator is taken as the experimental subject to test the effectiveness of DUCG methodol-
ogy and software. 54 variables and 114 causalities are included in the constructed DUCG knowledge model. Accord-
ing to this model, all the failures simulated by TE are diagnosed in a high probability of ranking. The correct diag-
nosis rate is 100%. In comparison of Bayesian Network (BN) , the mean correct diagnosis rate is 79.71% reported-
ly, showing that DUCG is an effective method.

Keywords : chemical process; dynamic uncertain causality graph; fault diagnosis; Tennessee Eastman ( TE)

process; probabilistic reasoning
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Fig. 1 Illustration for DUCG
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Fig. 2 The Tennessee Eastman process
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Table 1 Simulated faults in TE process
No. Wil Y
1 A/CHERHEAEAL, B 2 A R
2 B 4150754k, A/ C HL5r A7 B R
3 Ykl D iR BT ER
4 S A E K T BT ER
5 Vo BERR Y JNK U EE iR
6 Ykl A 5% Bk
7 Ykl C Sk gk BT ER
8 A B .C 4145 REHL
9 Ykl D % BEAL
10 Ykl C W BEHL
11 SV H K R BEAHL
12 RBERS HIKIRLE BEHL
13 SN g S5 IV 51 ) 2% ZRER
14 SR A EK 1R 1] bR
15 BEERAHIK I Kt
16 ARH —
17 AR —
18 ARH —
19 AR —
20 ES —
3 TE &R EW AL KD W 4R
3.1 TE &AiREREL

2N DUCG #ig, B e Z g v i B 1 DUCG
HIPRE . ARSI ABIRINT .

1) M4 B prad f g 7 AR 15 3%, 78 TE ad ft v
Bl YO B AR R I AR AR AR A
SO X AR

2)%F B # K X R A RS R4

3) % X B B R SE MRS AL

4) WYL KA H# ST T DUCG,
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Fig. 3 The knowledge base of TE process

5 SCHk[ 14 ] 87 W ER R AR, AR IR PE B A
TR X, R AETC A2 AR 16 151 T R A7
PSR | I 0 2 0 At 2 3 B o s B
AT THEBITRE SR, K2 500 T 34 > X A ARG
PITEAIE B

A SCVA A F]F DUCG (44K 0T IAR A [ 1
PRSI F DUCG)  H 2 KRB R, F
DUCG MAFTERE T B T,

2 XBTEHRA
Table 2 X-type variables

No. A hE No. A5 i 44

1 Yk A SRR 2 18 Ykl C 1]

2 Pkl D iEeh it 19 RNVHREIKE]

3 Ykl E RN R |20 ST B R

4 Wk A/C PR R |21 WG BRI

5 Il 3 22 W B IET]

6 JR 0 ARk I 23 IR O
7 FANEI IV 24 SRS E AV KR
8 JEITE 31 TA 25 S BRI

9 JR B AR 26 BEERRRAIKIT]

10 Jias 27 iz 1

11 RIS EAEE |28 TRAEIE WAL

12 s A s |29 RARIEIET)

13 Jhidt B A& |30 TRERPE i

14 R CHSERE |31 AR TR

PR G HA SR
TR ]

PRI 2RI

15 Ykl D 1] 32
16 YRl E R 33
17 Ykt A 117 34
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Fig. 4 The diagnosis result of TE process

B2 W A 3 R 25 SR U — RS2 IR ), TR A
HA B Res LETA B a8 IR, B THERRSS
A —A B BUAS | B, 2 MR 4 00 I 21 A E 5 T 45
FNAME—Z5 R | B A8 i 1) Je St 38 Ko A HH i B 4 T LA
2
3.3 EHEBER S ERE

TE 2 8 1) o — SR 5 2 S N7 v 1 7K IR T TRS
i CHCRRE 14) %0 i ik e il SR 0 e . T
it DUCG R FH R HOR B i 78 i 00 I iR i
— 5% TEAL AR T P A7 A 1) 7 0 B e AP A
FORE O ER R R R R A5 A AT
X — [, A SO RO & iR A EE B AT T S, R
Y AR R U E— D RO AL B
iz R e, s T TR S, kX
EE ) 38 A A IR S R R IR ECH @, R 1) AR S 1Y
RSBRIIREBCN b, 25 a+b=5 B, A ERA &
EBIHUR 1% R G RAS o PSR A e I 50 T AU
T B S 3 RS Xy X X, R AR &
FRRSC R MR, 2800 — B[R] )5 | 78 T RS A
T ok A 1 e W RS RN X 50 X5 Ko s, IF
i A% DUCG H3 2B i s SR . L A GE
FHT A R 5 R TR s, T LA B R A A5 P S 7
AIBCEE, &5 SR T R FHAS[R] 4 A 3877 3 X ik s 14

HISWEs R . B 5(a) R RS 245 1 12 W4
Fe HEFAERAUN 1.23% , 8 5(b) RK Bk 1
FiS g S HEP AR 2 18 100% . MR ] DL &
e BB B AL B 2 W 5 SR T I vER

X

A ‘
(a) JRUR I HEF AR R 1.23%

Y

(b)B7 % HEF R 100%
E5 #1402 ER
Fig. 5 The fault diagnosis result of fault 14
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Fig. 6 The fault diagnosis result of fault 14 BT S TR % || MBS HEERER %

1 100 11 96.85
DUCG AR J 7R 5 i Fifi 2 1) [] 110 % Je i 2 2 100 12 100
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Table 4 The diagnosis results of TE process
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1] /- 3 100 2
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y 8 100 97
[AF— 9 100 22.62
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11 100 75.5
12 100 98.25
, 13 100 76.12
14 100 98.75
(d) e, I ZISITLE S, HEF R R 100% 15 100 233
B7 14 pfisiTE o 100 5062
Fig. 7 The transfer process of fault 14 17 100 85
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The Thirtieth AAAI Conference on Artificial Intelligence ( AAAI-16)

February 12-17, 2016, Phoenix, Arizona USA

The Thirtieth AAAI Conference on Artificial Intelligence (AAAI-16) will be held February 12—17 at the Phoenix Conven-

tion Center, Phoenix, Arizona, USA. Please note the alternate day pattern for AAAI-16. The workshop, tutorial, and doc-

toral consortium programs will be held Friday and Saturday, February 12 and 13, followed by the technical program, Sun-

day through Wednesday (at noon), February 14-17.

The chairs of AAAI-16 are Dale Schuurmans ( University of Alberta) and Michael Wellman ( University of Michigan).

The purpose of the AAAI conference is to promote research in artificial intelligence ( Al) and scientific exchange among Al

researchers , practitioners, scientists, and engineers in affiliated disciplines. AAAI-16 will have a diverse technical track,

student abstracts, poster sessions, invited speakers, tutorials, workshops, and exhibit and competition programs, all se-

lected according to the highest reviewing standards. AAAI-16 welcomes submissions on mainstream Al topics as well as no-

vel crosscutting work in related areas.

Timetable for Authors:

<& July 1, 2015-September 10, 2015 Authors register on the AAAI web site

<& September 10, 2015 ; Electronic abstracts due
<& September 15, 2015 Electronic papers due

< October 28—30, 2015 Author feedback about initial reviews

<& November 12, 2015 Notification of acceptance or rejection

< December 1, 2015, Camera-ready copy due

Website ; http://www.aaai.org/Conferences/AAAl/aaail6.php



