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Abstract; Considering the problems of “difficult acquisition of test data and diverse failure mechanism” of
the radar seeker of a missile, we proposed a competition failure state prediction model related to degraded
failure and sudden failure based on the analysis to the characteristics of the degraded data and failure data.
Aiming at the characteristics of small sample, nonlinearity, and uncertainty of the degraded data, we used
Relevance Vector Machine ( RVM) to regress and predict the distributed parameter sequence. Then the
kernel parameter and embedded dimensions were both optimized via Quantum-Behaved Particle Swarm
Optimization (QPSO) and Hannan-Quinn ( H-Q) criterion. Taking into account the correlation between the
sudden failure and the degraded failure, a position-scale model was introduced to describe the correlation
between the sudden failure distribution parameters and the degraded data, thus to predict the failure state of
the next stage. Prediction result of an example verified the feasibility and rationality of the model.
Key words: missile radar seeker; degraded data; failure data; competition failure prediction; QPSO-

RVM; position-scale model; Hannan-Quinn criterion
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Fig.1 Flow chart of competition failure state prediction
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Fig.2 Regression curve
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Table 2 Regression effect of improved RVM
and standard RVM

Frik MAPE RMS nRV
FRERVM  0.0288 0.0399 2
HHERVM  0.0263 0.0289 1

YIZRsE RV A I AR A X, = (11. 422,11
371,11.213,11. 018,10. 786, 10. 535,10. 418,10.344) " , 4%
AT BB R, 2 BRI GM(1,1) J5 ¥ AR e
RVM 75 f1gt RVM 53 % 247 54 S A 160 A
EHERERFIES ] X, MESTHM, SRk 3 Br
7, B ph £ LI 3, R 7 2 7 5 HE 7Bl , 15 3
THRGE R 5k 4 F1E 4 B,
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Table 3 Mean value prediction results of each method

GM(1,1) 78 PR RVM ik BUE RVM ik
LEGRZ 1 e wRE% e wRE% e wRE/%
54 10.308 10.091 2.02 10.379 0.687 10.351 0.147
60 10.299 9.931 3.57 10.376 0.748 10.332 0.319
R4 BAFTAERNER
Table 4 Variance prediction results of each method
GM(1,1) 778 PR RVM ik BUE RVM ik
LEGRZ 1 e wRE% e wRE% e wRE/%
54 0.5980 0.7605 27.17 0.5548 7.22 0.5820 2.68
60 0.5886 0.8125 38.04 0.5419 7.93 0.5743 2.42
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Fig.3 Prediction result of mean value
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Fig.4 Prediction result of variance
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Table 5 ARE result of each method

GM(1,1)7% fRERVMFE oo RVM 7
H5fE 0.0084 0.0033 0.0024
HE 0.2492 0.2038 0.0241
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Table 6 ARE result of different methods
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