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Fault prediction with combination of strong tracking square-root
cubature Kalman filter and autoregressive model

DU Zhan-long'f, LI Xiao-min', ZHENG Zong-gui2, MAO Qiong"
(1. Department of UAV Engineering, Ordnance Engineering College, Shijiazhuang Hebei 050003, China;
2. Academe of Second Artillerist, Beijing 100085, China)

Abstract: To deal with the problem of prognosis of unmeasured parameters in nonlinear systems, we propose a fault
prediction algorithm which is a combination of the strong tracking square-root cubature Kalman filter (STSCKF) with
suboptimal fading factor and the autoregressive (AR) model. Future time values of measurement variables are forecasted
by using the AR model time series prediction method; and then, the predicted values are used as STSCKF measurement
variables. Thus, the prognostic problem is transformed into a filter estimation issue. The fading factor is introduced
into the square root of the STSCKF prediction error covariance for adjusting the gain matrix in the filter process. As a
result, STSCKF eliminates the disadvantage of slow tracking or even unable tracking of fault parameters in conventional
SCKF when the time-varying functions of fault parameters are unknown, improving the capability for forecasting the
varying trend of fault parameters. Simulation results on a continuous stirred tank reactor (CSTR) show that the predicting
accuracy of STSCKEF is higher than that of the conventional SCKF or the strong tracking unscented Kalman filter (STUKF),
demonstrating the superiority of the performance capability of the proposed method.

Key words: strong tracking filter; nonlinear filters; state and parameter joint estimation; square-root cubature Kalman
filter (SCKF); fault prediction
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2.1 SRIRERIES R (Strong tracking filter theory)
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2.3 STSCKFH.(STSCKF algorithm)
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flow)
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4 i E S (Simulation case)

4.1 {ERA!(Simulation model)
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Table 1 CSTR model parameters

ko=7.2x10%min  Ca=0.037mol/L. E/R=8750K
Qr=100L/min Car=1.0mol/L V =99.96L
AH=-5x10*J/mol pCp=239J/(L-K) T=402.35K
UAc=5x10"J/(min-K) Tc=345.44K Tr=320K

i B KB 40,02 min, 505 BDHCA380. K14
A s - B R 2 (30) A TR E A 4y, Vg BTN )
Wk ZHCh Qr, WY R JFIREL A (21, 2, Q)
B Qe 74k bR R 0, SINFHBPRES T FEQp =
Qr 1. VILHEN

21,0=0.037mol/LL, x5 o= 402.35K,
Q@ r0 =100 L/min.

o g Wi = [wug Wa k; w3,k]T, 5 e RS vy, =
[0 0a4] T, 2 iy~ N (0, 0.000012), ws 4 ~ N0,
0.012), ws . ~ N(0,0.00012), vy 5 ~ N (0, 0.000012),
Vs~ N(0,0.012).
4.2 iE45 59 (Simulation results)
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100 240 380
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(a) zq TR
T —
------ TRIE
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402

100 240 380
P%/ (0.02 min)
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Fig. 1 3-steps ahead prediction of measurement variables via
AR model
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100 240 380
2544/ (0.02 min)

2 %3l SCKFAISTSCKEXT Qp (35 il
Fig. 2 3-steps ahead prediction of Q based on
conventional SCKF and STSCKF

1.2 T
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N
N 0.6
e
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100 240 380
5%/ (0.02 min)
(a) STUKF(x = 1)
1.2 T

2Py /L2
IS)
o

0‘?00 240 380
£/ (0.02 min)
(b) STUKF(x = 5)
12 .

U i
o
o
T

0.0
100 240 380
%/ (0.02 min)
(c) STSCKF

Kl 3 STUKF5STSCKEX Q [H325 FilI e 221 J5
Fig. 3 3-steps ahead prediction error square of Qr based on
STUKF and STSCKF
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1052 7

5 N H 531 4%

35 TSP 35 26000 1% 25 (MAE) F ) 75 #R ¢ 2 (RMSE)
PABAN R i PR AT EL P AR I R e 2 s
M2 LU Y, 58 SCKFS 2 0 R AL 2
K BRERRE ), M TPRTEZE. X STUKE, AN L
191 28 Bl B WEE BE RS WK, H SR P AR AEAR P 2
Rk FEIE 2 e, RIABEIRUESTUKF — A A 8P
JEBRGIE. 1T STSCKFAN T 275 FENE I 2 KU L L)
R, HCFIIRS B 5 STUKFH B HUG 4 LU 1] 28 £ 1)
TRS EEAN 2. BeAh, 3RERIAENAZEAZ, U3
PIHERITH 2R AT
R 2 R3S ANR £ AALn
Table 2 3-steps ahead prediction error and con-
suming time of different methods

MAE RMSE ¥t /s

SCKF 26411 3.8824 1.6481
STUKF(k = 1) 0.4180 0.6129 1.6262
STUKF(x = 5) 0.2482 0.3249 1.5214
STSCKF 0.2145 0.2800 1.6975

5 Z5i(Conclusions)

AP 5 R B SCKFAE A E 2R M 8 8 vh R AR AR A
FIPRZS DR PR ER B8 X P AMIC R, AN SO T
PRERSCKEFAT AR [y S fiil /7%, FH A ok 2k
PERGEHANTT BB = 2500 1n) 8. 1% 7308 e
FH ARBE IS I A0 1t EAT 22 20 F0, 4R 5K 22 20 Tl
DA A 5 R SCKF AR, A1 9 BN R SCKFA
VAR ZI (b S5 7 B4 R, AR S )
TR T 250 Wb S A AR A A AT A s IR BRI
77, MBS SR A TR T T Tk
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