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A new negative selection algorithm based on Extenics and
its application in fault diagnosis
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Research, Naval Aeronautical and Astronautical University, Yantai 264001, China)

Abstract ; In this paper, the extension negative selection algorithm is proposed by fusing Extenics and negative selec-
tion algorithm, aiming at the problem that traditional diagnosis algorithm can hardly solve fault detection by using nor-
mal state data. The basic elements are adopted to describe the models of problem domain, detectors and training sam-
ples, the dependent function is used to define the affinity calculation formula, and the extension detector generation
and optimization algorithm are designed. In the phase of extension detector generation, the mature detectors are taken
through the self-tolerance and in the phase of extension detector optimization, less mature detectors are taken through
merging the detectors. The influence of threshold value of the degree of affinity on the coverage rate and detection rate
of detectors are discussed in the parameter analysis. Finally, the proposed algorithm is used for fault detection of an
integrated display and control platform. The obtained mature detectors not only have less numbers and are non-redun-
dant, but also have high detection rate. The results showed that the algorithm can solve the fault detection problem in
the condition of no fault state data and the detection results are consistent with the practive.

Keywords : extenics ; negative selection algorithm; detector generation; detector optimization; fault diagnosis
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Fig. 1 Principle of negative selection algorithm
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Table 1 Test data of an integrated display and control platform

P v ) U3 Uy Us v RE

1 0538 0.870 0.295 0.308 0.318 0.670 IF#
2 0.537 0.885 0.303 0315 0.334 0.670 E%
30537 0845 0.305 0313 0.322 0.670 iEF
4 0514 0975 0.295 0.280 0.188 0.670 IF#
5 0.540 0.535 0.435 0.363 0.496 0.700 E%
6 0.538 0.720 0.395 0.360 0.484 0.700 %
7 0.538 0965 0.288 0310 0.328 0.670 IE%
8 0.540 0.850 0.300 0.310 0.320 0.670 E%H
9 0519 0765 0.488 0.385 0.574 0.710 EH
10 0.542 0.555 0.413 0.370 0512 0.705 1E#
11 0.546 0.940 0.470 0.365 0.508 0.700 IE%#
120523 0.630 0.435 0.455 0812 0.760 IEH
13 0.536 0.945 0.498 0.373 0.524 0.705 IE%
14 0519 0.780 0.465 0.380 0.554 0.710 1E%#
15 0.539 0.540 0.390 0.375 0.534 0.710 1E%#
16 0.517 0.780 0.615 0.350 0.452 0.690 IE#
17 0539 0.545 0.608 0.370 0.510 0.705 IE%
18 0509 0.770 0.625 0.370 0.528 0.705 IE%
19 0.536 0.515 0.613 0.428 0.710 0.740 1E%#
20 0.534 0510 0.610 0.428 0.710 0.740 IF#
21 0.481 0.475 0.610 0.363 0.502 0.705 Wl
22 0.189 0.555 0.615 0.385 0.586 0.715 jfE
23 0.410 0.575 0.613 0.365 0.510 0.705 Hps
24 0.538 1.420 0.293 0.305 0.302 0.670 #Hf=
25 0.515 0.475 0.610 0.440 0.756 0.745 Hfs
26 0.517 0770 0.293 0.330 0.388 0.685 IE#
27 0.540 0.770 0.295 0.315 0.338 0.675 IF#
28 0.517 0.750 0.298 0.310 0.316 0.670 IF#
29 0.518 0.735 0.300 0310 0.320 0.670 IF#

30 0.540 0.760 0.300 0.318 0.344 0.675 IE%
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Table 2 Properties range of detector feature vectors

Fe  d d, d, d,
vV, [0,05] [05,1] [05,1] [05,1]
v, [0,1] [0,05] [05,1] [0.5,1]
v, [0,1] [0,1] [0,1] [0,1]
V, [0,1] [0,1]  [05,1] [0,0.5]
Vi [0,1] [0,1] [0,1] [0,1]
Vi [0,1] [0,1] (0,11  [0,0.5]
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Table 3 Detection results

’_%% dl d2 d3 d4 %?ﬁ?\

21 0.343 -5.741  -17.864 -17.889 {kFE
22 0.382 -11.877  -11.943  -11.985 {fx
23 0.357 -11.799  -11.855 -11.882  i(f
24 +oo -6.089 +oo +oo Tk
25 -5.704 0.235 -11.875 -11.959 {#kkE
26 -5.746  -5.864  -5.809  -5.809 IEW
27  -5763  -5.864  -5.812  -5801 IEW
28  -5.755 -5.869 -5.817 -5.802 IEW
29 -5752  -5.863  -5.821 -5.806 IEW
30 -5759  -5.859  -5.806  -5.797 IEW
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