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Abstract

Two methods which estimate manoeuvring derivatives in the model of hydrodynamic
force and moment acting on a manoeuvring ship using sea trial data were compared. One
is the widely used parameter estimation method by using the Extended Kalman Filter (EKF),
which estimates state variables of linearized state space model at every instant after
dealing with the coefficients as the augmented state variables. The other one is the
Estimation—Before-Modeling (EBM) technique, so called the two—step method. In the first
step, hydrodynamic force of which dynamic model is assumed the third—order Gauss—
Markov process is estimated along with motion variables by the EKF and the modified
Bryson—Frazier smoother. Then, in the next step, manoeuvring derivatives are identified
through the regression analysis.

If the exact structure of hydrodynamic force could be known, which was an ideal case,
the EKF method would be regarded as being more superior compared to the EBM
technique. However the EBM technique was more robust than the EKF method from a
realistic point of view where the assumed model structure was slightly different from the

real one.
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Table 3 Estimated sway manoeuvring derivatives
(Ideal case)

EEN T EBM EKF1 EKF2
Yy 1.90(-6) | -1.48(-5) | 2.81(-6) | 2.30(-5)
Y -2.83(-2) —244( 2) | -2.85(-2) | -3.05(-2)
Y 3.91(-3) 17(-3) | 4.01(-3) | 4.17(-3)
Y, -1.06(-1) —1 29( 1) | -1.22(-1) | -1.36(-1)
Y, -1.15(-2) | -8.27(-2) | -2.86(-2) | -4.86(-2)
v -4.13(-2) -506( 2) | -4.65(-2) | -5.01(-2)
r, -5.19(-3) 11(-8) | -5.55(-3} | -5.17(-3)
Y; 5.08(-3) 567( | 517(-3) | 5.53(-3)
Y. -1.85(-3) | -2.56(-3) | -2.04(-3) | -2.74(-3)
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Table 4 Estimated sway manoeuvring derivatives
(Realistic case)

OIH | EBM EKF1 EKF2 | EKF3
Y 2.50(-5) | -6.33(-5) | 2.08(-4) | 3.58(-4)
4 -2.86(-2) | -5.63(-2) | -9.77(-2) | -2.80(-2)
4 6.29(-3) | -1.10(-2) | -1.84(-2) | -1.46(-3)
Y, -3.18(-1) | -6.91(-2) | 8.30(+0) | -1.12(+0)
Y., 3.81(-1) | 2.96(-1) | 1.025(+1) | -7.64(-1)
Y, 3.40(-1) 330( 1| 4.37+0) | -1.42(-1)
Y., 8.83(-2) 15(-1) | 6.38(-1) | 2.44(-2)
Y; 2.28(-3) -1 22( 3) | 3.06(-4) | -1.24(-3)
Y., -0.09(-4) | 3.06(-3) | -1.68(-4) | 6.31(-3)

Table 5 Estimated yaw manoeuvring derivatives
(Realistic case)

0lH2 | EBM EKF1 EKF2 EKFS
N, -3.39(-6) | -2.06(-5) | 9.71(-7) 21(-4)
N, -5.86(-3) | -5.30(-3) | -7.83(-3) —441( 3)
N, -2.29(-3) —332( 3) | -3.30(-3) | -2.21(-3)
N, | -6.18(-1) 71=1) | 1.50(-1) | -4.19(-1)
N, | -1.11(+0) —367( 1) | -4.66(-1) | ~1.04(+0)
N, -5.81(-1) | -8.17(-1) | -3.48(-1) | -5.87(-1)
N, | -1.06(-1) | -6.53(-2) | -6.81(-2) | -1.04(-1)
N; -8.49(-4) | -1.43(-3) | -1.10(-3) | -1.03(-3)
N, -7.89(-5) | 1.30(-3) | 5.28(-4) | 3.92(-4)
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