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KPCA-based Technique for Debris Feature Extraction

LI Yue WEN Xi-sen Lii Ke-hong
College of Mechatronics Engineering and Automation National Univ. of Defense Technology Changsha 410073 China

Abstract To deal with the problem of Debris”feature extraction with the characteristic of large scale number in description
parameter and nonlinear relationship among these parameters a KPCA-based method is presented. Based on the detailed
introduction of KPCA algorithm a real case was studied for the purpose of constructing a debris automatic recognition sub-system
which can be served for diesel engine fault detection and analysis system. The results of experimental research and a comparison
with linear PCA demonstrate that KPCA-based approach is feasible and valid for synthesizing nonlinear characteristic parameter
and reducing feature dimension.
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Tab. 1 Characteristic data of the debris samples
1 2 25 52 53
1 1067. 5 36. 8671 1. 330549 0.012984 4. 560697
2 6318.5 89. 69372 1. 129762 0. 0027619 0. 849903
3 71.25 9. 524616 1. 022309 0. 0371622 18. 78088
4 1450. 25 42.9711 5.291819 0. 0273926 4.161927
5 2047.75 9. 5544 1. 152386 0. 0054638 1. 556391
6 7 2.985411 1. 5073 0. 2222222 37.5
7 8.75 3.337791 0. 6303674 0.125 41. 37755
8 4214.25 73.25128 1. 504672 0. 0005964 0.091634
9 3128.5 63. 11363 1. 169952 0. 000479 1.223147
10 1974. 25 50. 13675 3.53534 0. 0012640 2. 862975
11 142 13. 44619 1. 252497 0. 025729 18. 75843
12 40.5 7.180961 1.437836 0. 0526315 16. 99758
KPCA Exy =exp - | x-y|*/
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Tab.2 KPCA result of the debris samples Tab.2 PCA result of the debris samples
KPCA KPCA PCA
o’ =1000 o’ =2000 A
A A 25.26068 47.5600  47.5600

7.4128 13.9865  61.5465

1
1 0.2559 53.9799 53.9799  0.1882 75.6805 75.6805 2

3 662764 11.8423  73.3888
2 0.1434 30.2475 84.2273  0.0546 21.9632 97.6437

4 3.7759  7.1243 805131
3 0.0589 12.4308 96.6581  0.0048 1.9303 99.5740 s 3083 503 863362
4 0.0113  2.3839 99.0420 0.0007  0.2881 99.8622 6 2.3096  4.3578 90. 6941
5 0.0028 0.5830 99.6300 0.0002 0.0791 99.9413 7 1.6585  3.1292  93.8233
6 0.0010 0.2126 99.8426  0.0001  0.0346 99.9759 8 14230 2.6848  96.5081

9 0.9362 1.7665  98.2746
7 0.0005 0.0964 99.9390 0 0.0125 99.9884

10 0.5131  0.9682  99.2428
8  0.0001 0.0295 99.9685 0 0.0054 99.9938 0 04013 0.757 100
9 0.0000 0.0202 99.9887 0 0.0027  99.9965 12 0 0 100
10 0 0.0085 99.9972 0 0.0025 99.9989 ' '
1 0 0.0028 100 0 0.0011 100 53 0 0 100
12 0 0 100 0 0 100
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