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Abstract

In this paper, the issue of local structural identifiability of linear equations of motion with
non-linear parametrizations is discussed. The test method is presented that provides analytical
expressions for information matrices of which the rank determines identifiability. And this
method is applied to investigate local structural identifiability of linear equations of motion for
a submergible vehicle. As a result, it is showed that with given parameters, the linear
equations of motion do not satisfy the definition of local identifiability according Glover &
Willems.
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Table 1 Maneuvering coefficients of
vertical mode

Surge Heave Pitch
X ,|-0030079 | Z ,-|-1.816464| M .| 0.001155
X. |-0295790 | Z . | 0001155 | M . | -0.149246
Zy | -2.338924 | M, | 1.054759
Zq | -0615153 | M, | -0.304027
Z & | -0.139792 | M 4| -0.059742

Table 2 Maneuvering coefficients of
horizontal mode

Sway Roll Yaw
Y |-1.816464| K ,|-0001689} N ,|-0.001155
Y -[-0.001689| K |~0.000068| N -{-0.000001
Y . 1-0.001155] K ,[-0.000001| N |-0.149246
Y. [-2.338924| K, [-0.002175| N, [-1.054759
Y, {-0.001385] K, 1-0.003126] N, |-0.000624
Y. | 0615153 | K. | 0.000572 | N, |-0.304027
Y & 0.134858 | K, | 0.000125 | N 4|-0.057634
K 5|-0.001603
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Table 3 Singular values of the information
matrices for equations of motion

Mode Horizontal | Vertical
109457.0 | 4.122439
91785.02 2.538794
20464.92 1.993853
Singular 8730.289 | 0.018260
233.6472
Value 75961146
1.993602
0.020127
0.000196
No. of Coef. 22 10
No. of rank 9 4
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Table 4 Singular values of the information
matrices for coupled state equations

Mode Horizontal | Vertical
16.27089 10.64740
12.83238 1.159790
1516517 | 0.551823
Singular 1.244984 | 0.000469
1.065064
Value ™6 152244
0.058730
0.002369
0.000022
No. of Coef. 15 6
No. of rank 9 4

Table 5 Singular values of the information
matrices for decoupled state equations

Mode Horizontal | Vertical
15.78312 11.00194
12.75289 1.133021
1.514944 0.511477
Singular 1.234911 0.000393
0.949604
Value 74194077
0.058206
0.002397
0.000024
No. of Coef. 9 4
No. of rank 9 4
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