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Fault diagnosis based on trend analysis and SDG

LIU Min-hua, XIAO De-yun
( Department of Automation, Tsinghua University, Beijing 100084, China)

Abstract; Fault diagnosis based on trend analysis is affected by data, while the one based on signed directed graph
(SDG)is difficult to model and infer. The combination of both in order to improve the effect of fault diagnosis has not
been considered yet. The trend information of trend analysis is compared with the node information of SDG, which
shows that they complement each other. Then trend analysis is applied to SDG modeling, and the fault diagnosis based
on trend analysis is modified with corresponding SDG. So the new data-driven and model-based method of fault
diagnosis is built. The example of continuous stirred-tank reactor ( CSTR) illustrates the veracity and accuracy of fault

diagnosis based on trend analysis and SDG.
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2 #EB4HFiE (Trend analysis method)
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Fig. 1 Primitives
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(Fault diagnosis based on trend analysis

and SDG)
3.1 BBOWHAT SDG E4#& (Application of trend

analysis to SDG modeling)
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Fig. 2 Feedforward / feedback
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32 BBOWABATET SDG MM
( Application of trend analysis to fault
diagnosis based on SDG)
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[ei]‘p(ei vxj) [x,] = + RELBIHL

B KBRS . SDG BRI, 20845 4 «, 2
WBE 19 5 e, BRI R —HE, N i e A 4 i 1]
WA, RIAAY A x, 0 L {5 ) (L 4 B ] R
(], TR K, W AR AL RN A, [N G AT A e
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x) (level(+) RARBEEKE) WA Bi(x) 1 >
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4 SRHI4#F(Example analysis)

%8 Bt 3h Kk #5 25 R’ Wi HE ( CSTR; continuous
stirred-tank reactor) & %' B —Fh LA (AL T %
2, 0E 3(a) Frs. R 3 RN HE R AR AR
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Fig. 3  Continuous stirred-tank reactor
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Table 1 Explanation of measurement and fault

variables
Rt = Yy B it AR L7/BS e
v SN HEZS TR Fy BE LR
C, hOkE Cho WOWE
T H Ty BRI E
T. T AR B Teo LR HKRE

Bl 4B (a) 45 Fo (AR V.G, T, T, K

PAVTEE], Kk V — T X% AT 3 ),
C, T, T, M AW E 2 57, 3 AL A SR A 45
BRI RIBIE; B (b))~ (d) 2 5IAREE T,, T, A
Coo FEFITF V,C,, THI T, HORSASI RT3, ForhEE

ARE () PR IRIGE T==C,; K (e) A

3 — A5 MR 2 0 S TR A FE T BT R [ A SR
R, BIANAR R A BURI R BE B B LGB 6 RIRE B 3R ST

V—C,. R 4(e) ME3 (D), ZESr, MT/C,
2 (] ) B 3R i B2 BB 4 ( SCC. strongly connected
component) , U4 [&] 4 (e) fll& 3(b) BELE—FEH,
XAAHE TS SDG BRI A .

HWR S M 75T SDG AR 2.
XA, B SR RS T IR T RES
BEAE (B LT A RS ) R I5 R A SDG
RGP, S5 R INE 2 R, R2 W3 PRI T
AR R LSS B 2 A1 n] RE MR 4R AP i bR ER A E
—, B Y TR 2 5 12 T A1 2 R e T T O
RITRBH.
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Fig. 4 Process of SDG modeling with trend analysis
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Table 2 Results of fault diagnosis based on SDG
with trend analysis

5w B LU e mew
1 F; Fy, Ch Fy — —
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3 Ch Cy. Ty — Ciy —
4 Co Cu Ty — Co —
5 T T, ,C - || -
6 T; T, . Ch = — T, —
7 T T, Ts — — T,
8 T T,,T; — — T

FE 1. RAmMMEERK, 4T FFERT
tr(V) =A,Co fEFITF V # A, FILHEER ] RESUREIR
Co- #5513 ~ 6 RAMAEEBK, HFFS3 &
Cao EHI T tr( C,) =D, [CA]initial =+=[D], M
1 Ts AT Caliim = — BB T — C; AN AR
FEEE HEBR T RERURIR 10 5 4. 76 Co fERF
te(T) = F, [Tlyea =—=[FI, W7 Ty fEAT
[T i =+, BTy — T AHRAH AR, HERR W
BERCKREIR T0; )P 5 5: TE Ty BRI Fu(C,) =
G“"[CA]initiﬂl =-= [G], ™ 1t Czo (i
[Cainia =+, Bk Coy — C7 R RARZ 8 B, HE
BRATREMC IR Co; 5 6. & Tp fEHF
tr(T) =E- [T}y =—= LE],Wife Co fERIF
[T iem =+, Bt Chy — T7 RH RUAH 2538 8, HERR
T REALREIR Cho- P57 FI 8 RAMAE K BRI, i
& CSTR f) SDG #L R, n] & level(T, — T,) <
level(7y — T,) , X1 Bl(To) | > BI(T,) 1 4k
REMRRIR Ty RPERBERSME—, W ET
SDG I RIZ Wik i T B3 HTi2 AR R L.

T\

N
4, o

(e) RBEERFIR

5 #i8 (Conclusion)

A SRR B H T R EA BB TR
a5 85 SDG V1 fE B, RAPE RA LAY
AL IS A RE S BRI A AR A H A
FHT SDG #iA s B2 W, 46 SDG R i
ST RIS WS i k. CSTR L 4y i R % 4
Pridi B F i SDG B MER M , [FlBTEH T i Bh
T T SDG HAEN ML BB R, FILRE
iR SRR AR T et AN
HHMREABRRMRE.
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