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The present study suggests a data—driven multivariate identification method based on principal component analysis and shows
an application to ship dynamics modeling in maneuver, A reduced order model of ship dynamics is built by linear combination of
three principal components acquired from large angle zigzag maneuver test, For a given kinematic state with three variables, a
proper span is found by least square method, therefore accompanying hydrodynamic force and moment is determined,
Suggested dynamics model correctly estimates hydrodynamic force and moment, thus it showed good agreement in maneuver
simulation with that of conventional ship dynamics model obtained by system identification of captive model tests,
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(1) Mean and eigen vectors are obtained from training datasets.
Known variables are inputted to the modeling.

(3) Proper set of coefficient for known variables is found by LSQ.

(4) Left-hand side with unknown variables is reconstructed.

Fig. 1 Scheme of MILP
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Fig. 2 Sheer plan of KWLCC2

Table 1 Principal particulars of KVLCC2

Unit | Symbol [Model scale| Full scale
Scale ratio - - 1/45.7
Ls;itgngfctxlvi” m | L | 700 320
Breadth m B 1.269 58
Draft m T 0.455 20.8
Displacement m’ M 3.275 312,600
Block coefficient - Cp 0.810
Longitudinal center m Zg 0.245 112
of mass
Propeller diameter | m Dp 0.216 9.86
Rudder span length| m Hp 0.346 15.80
Rudder area n | Ag 0.054 112.5

Fig. 3 Coordinate system
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Fig. 8 Comparison of b, b, and b; in a random maneuver scenario, acquired by projection and least square method for
principal components of 25°/90° large angle zigzag test: (a) time series and (b) correlation between projection and LSQ
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Fig. 9 Comparison of Y, H’ and V H’ estimated by Original model and MILP model: green rectangular boundary is captive model
test condition of Yasukawa and Yoshimura (2015), and broken grey curve is motion in 25°/90° large angle zigzag test.

Table 3 PCA results of 25°/90° large angle zigzag test by
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e e, e e, es

s, | 0908 | 0980 | 0999 | 1.000 | 1.000
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