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Identification of Shaft Centerline Orbit for Hydropower Units Based on

Particle Swarm Optimization and Improved BP Neural Network
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ABSTRACT: In the maintenance system of hydropower units,
shaft centerline orbit is an important feature for the diagnosis of
the unit condition. An algorithm combining edge detection with
moment feature extraction was presented. Particle swarm
optimization (PSO) algorithm was used to obtain the nearest
known sample with samples to be identified. This paper applied
improved BP neural network for identification. It took the
invariant moments of shaft centerline orbit as the characteristic
parameters of neural networks. Some typical orbits were also
identified. Experiments in some hydropower station show that
this identification method is fast and precise, with a highly

practical value.
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Fig. 1 Graphic samples for measured orbits
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Fig. 2 Obtaining the edge of the graph sample for
the measured orbits
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Fig. 3 Obtaining the edge of the graph sample for
the virtual orbits
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Tab.1 Moment invariant values for
awaiting identification sample

(4)

R

BEA H H2 H3 Ha Hs He Hr
1 0.0116 0.0975 0.0817 0.0799 0.0618 0.0210 0.0210
2 0.0108 0.0664 0.1081 0.0992 0.1514 0.016 0 0.0160
3 0.0126 0.1026 0.1184 0.0896 0.0619 0.0254 0.0254
4 0.0145 0.0597 0.1152 0.0868 0.1386 0.0198 0.0198

R2 EMEAREERER

Tab.2 Moment invariant values for Virtual sample

FFRG
FEA H H2 H3 Ha Hs He Hr

0.7099 0.1727 1.8390 1.8133 3.6367 17291 5.0422
0.7255 0.7118 1.6157 2.6118 6.6854 3.3330 5.4062
0.7219 0.9617 25919 28495 59703 24031 6.0445
0.7228 0.2361 0.0950 1.2570 1.6916 23632 16714
0.7246 0.8880 1.8363 0.6431 2.0242 0.9560 15611
0.6840 0.1848 1.7152 0.0230 0.5206 0.1029 0.5950
0.7244 0.8831 1.8507 0.6548 1.4327 09271 15350
0.6936 0.3659 1.8011 0.4083 19296 0.3795 1.1371
0.6692 0.1136 15773 0.5538 0.8223 23621 0.1850
0.6852 0.1948 1.6594 0.4443 0.0539 0.5576 0.2671
0.6749 0.3815 0.8617 1.2328 0.3181 1.0436 0.1751
0.7090 0.6478 1.7831 05406 05429 05439 16443
0.7093 0.0818 0.5158 0.4267 0.1963 0.3858 0.6402
0.7674 0.7369 0.2108 1.2946 1.3355 20531 14846
0.7493 0.2817 01134 1.2827 13180 1.1668 1.1029
0.7485 0.1442 0.2874 15692 25745 17498 23736
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Tab.3 Moment invariant value based on particle
swarm optimization

W= Wiy —

GGyl
REA H He H3 Ha Hs He Hr

1 0.7099 0.1727 1.8390 1.8133 3.6367 1.7291 5.0422
2 0.7255 0.7118 1.6157 2.6118 6.6854 3.3330 5.406 2
6 0.6840 0.1848 1.7152 0.0230 0.5206 0.1029 0.5950
8 0.6936 0.3659 1.8011 0.4083 1.9296 0.3795 1.1371
10 0.6852 0.1948 1.6594 0.4443 0.0539 0.5576 0.2671
11 06749 03815 08617 1.2328 0.3181 1.0436 0.1751
15 0.7493 0.2817 0.1134 1.2827 13180 11668 1.1029
16 0.7485 0.1442 0.2874 15692 25745 1.7498 2.3736
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Tab. 4 Trained actual network output value,
valid data bits value and rounding result

FEARGR S Fth A D& TG R LUIEES
1 0.1, 0.9, 0.1 0, 1, 0 HFHIY
2 0.8, 0.1, 0.1 1, 0, 0 WI\FTE
3 0.1, 09, 0.7 0,1, 1 IR NFTE
4 0.0, 0.3, 0.9 0,0, 1 Wi E

x5 BEBAZIHR
Tab.5 Recognition effects of differents models

WU A

LR

Mok BP AR LS BP fZE M 4% RBF #1284
TR 2% 100 86.31 89.54
CPU #ER/s 1.25 2.39 3.72
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