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High energy efficient independent method for optimal sensor placement

Shi Hongmei,Sun Aoyu
(School of Mechanical, Electrical Control Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: To address the problem of optimal sensor placement of structural health monitoring, the influence of the modal kinetic energy
and the modal strain energy is considered. A high energy effective independence (E-EI) method based on the effective independence
(EI) method is proposed, which solves the deficiency that EI method is easy to lose high energy measurement points. The normalized
equivalent energy matrix with multiple energy parameters is derived, and the energy distribution of the measurement points is judged by
the size of the diagonal elements of the matrix. The superiority and generalization of the E-EI method are evaluated through the
comparative analysis of EI method, E-EI method and other improved algorithms of EI method in terms of energy distribution,
orthogonality, and the amount of information contained in the measurement points through five evaluation criteria, using the space truss
transmission tower as simulation example and the switch rail as experimental test. Results show that E-EI method not only achieves the
purpose of screening high energy measurement points, but also retains the advantages of EI method with high linear independence
compared with other improved algorithms. The mean value of non—diagonal elements of MAC matrix of E-EI method is reduced by 5.
48%. The mean value of modal kinetic energy is increased by 133.27%. The mean value of modal strain energy is increased by 35. 82%
compared with EI method in the switch rail experiment with 12 sensors.

Keywords : optimal sensor placement; effective independence method ; modal test; structural health monitoring
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Table 1 Comparison of correction results of the
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Table 2 Layout results of each method with 12 sensors
YIRS A& A R G
El 1 2 4 5 151 154 157 365 367 368 370 371
EI-MKE 10 11 46 61 220 268 307 325 353 356 367 368
EI-MSE 1 2 5 11 46 157 220 356 362 365 367 368
EI-MEP 1 2 4 5 11 46 157 356 362 365 367 368
E-EI 2 5 10 46 61 157 220 325 362 365 367 368
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Table 3 Layout results of each method with 24 sensors
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1 2 4 5 7 8 52 55 145 148 151 154
" 157 160 163 319 359 362 364 365 367 368 370 371
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2 5 10 11 46 49 52 55 61 148 151 157
B 160 220 268 313 316 325 356 359 362 365 367 368
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Table 4 Evaluation results of each method with 12 sensors
ik N f f3 J4 /s
EI 0.049 3 0.174 4 0.358 9 1.015 1 4.690 6
EI-MKE ~ 0.045 0 0.339 6 1.529 0 1.282 7 0.1450
EI-MSE  0.087 9 0.3019 0.9413 1.704 2 1.248 3
EI-MEP  0.134 7 0.3911 0. 896 4 1.673 0 1.028 5
E-EI 0.046 6 0.219 5 0.837 2 1.378 7 1.102 4
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Table 5 Evaluation results of each method with 24 sensors
Ik h f f3 J4 /s
EI 0.0327 0.110 1 0.297 7 0.746 7 0.005 6
EI-MKE ~ 0.023 7 0.1380 1.052 6 1.071 6 0.000 8
EI-MSE ~ 0.055 2 0.184 4 0.898 0 1.192 1 0.002 4
EI-MEP  0.066 0 0.2219 0.737 4 1.163 5 0.002 3
E-EI 0.0258 0.1050 0.867 3 1.1329  0.002 1
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