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Determination of Optimal Accelerometer Locations for Bridges using
Frequency-Domain Hankel Matrix

Sungheon Kang', Soobong Shin*

Abstract: A new algorithm for determining optimal accelerometer locations is proposed by using a frequency-domain Hankel matrix which is much
simpler to construct than a time-domain Hankel matrix. The algorithm was examined through simulation studies by comparing the outcomes with
those from other available methods. To compare and analyze the results from different methods, a dynamic analysis was carried out under seismic
excitation and acceleration data were obtained at the selected optimal sensor locations. Vibrational amplitudes at the selected sensor locations were
determined and those of all the other degrees of freedom were determined by using a spline function. MAC index of each method was calculated and
compared to look at which method could determine more effective locations of accelerometers. The proposed frequency-domain Hankel matrix could
determine reasonable selection of accelerometer locations compared with the others.
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Fig. 1 Process of compare & analysis
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Fig. 3 Mode shapes of simple beam model



(a) Hankel matrix(node No. 3, 7, 10, 12, 15, 19)

(b) FIM, LG, BHM method(node No. 3, 6, 9, 13, 16, 19)

Fig. 4 Optimal sensor locations of simple beam model
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...........
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Fig. 5 Mode identification of simple beam model
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Table 1 MAC indices of simple beam model

Mode MAC indices
Hankel matrix FIM, LG, BHM
Mode 1 0.999962 0.999963
Mode 2 0.999896 0.999966
Mode 3 0.997115 0.999244
Mode 4 0.975886 0.992140
Mode 5 0.973938 0.857336
Mode 6 0.876034 0.979412

1ol FIM, LG, BHM method = 42} mode7}A]+= A &-31A Al
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Fig. 7 Mode shapes of girder bridge model
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(b) FIM, LG, BHM method(node No. 4, 5, 15, 16, 41, 42, 43, 53, 54, 55)

Fig. 8 Optimal sensor locations of girder bridge model

Table 2 MAC indices of girder bridge model

MAC indices — Hankel matrix

Mode
Gl G2 G3 Avg.
Mode 1 0.999796  0.999796  0.999796  0.999796
Mode 2 0.998394 1 0.998394  0.998929
Mode 3 0.999194  0.999193  0.999194  0.999194
Mode 4 0.997349 1 0.997349  0.998233
Mode 5 0.821207  0.821193  0.821207  0.821202
Mode 6 0.822129 1 0.822129  0.881419
MAC indices — FIM, LG, BHM method
Mode
Gl G2 G3 Avg.
Mode 1 0.999524  0.999548  0.999555  0.999543
Mode 2 0.997755 1 0.997849  0.998535
Mode 3 0.999170  0.999161 0.999152  0.999161
Mode 4 0.997462 1 0.997938  0.998467
Mode 5 0.628383  0.682271 0.735225  0.681960
Mode 6 0.628540 1 0.735217  0.787919
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