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In this study, the tidal flow estimation analysis in a model of Tokyo bay based on a

method combined the extended Kalman filter and the finite element method (FEM). This

method is called the extended Kalman filter FEM. In this method, numerical simulation

considering the observation value is carried out, and it is known that numerical analysis

that appropriately represents the phenomenon can be performed by using this method.

However, in the system equation, the stabilization parameter is included to prevent the

numerical instability, it appears that this parameter affects the estimation of tidal flow.

The purpose of this study is to investigate the effect of stabilization parameter in the

optimal estimation of tidal flow.

Key Words: Extended Kalman Filter, Finite Element Method, Stabilization Parameter,
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Assumption:
*The current velocity from the water surface to the sea bottom is uniform.
*Water pressure is represented by hydrostatic pressure.

Fig. 1: Tllustration of variables of shallow wa-

ter equation.
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Observed value z™+1

. . un+1
———  Optimal estimated value “(+)
(Estimated value by extended Kalman filter)

Simulated value 37t

(]

u : State value

() : Pre-assimilation value
(+) : Post-assimilation value

; t : Time
“n+1” time step

Table 1: Computational conditions

u(+) = +)1 + K"H(znﬂ M)l) The Kalman gain “K™ is used as a
parameter representing the blend ratio of

uE‘f)l =(1- K"“)uz‘f)l + K™z | observed and simulated values.

Fig. 2: Ilustration for pre-assimilation and

post-assimilation values.
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Fig. 4: Observation value at Tokyo.
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Fig. 6: Observation value at Yokohama.
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Fig. 7: Finite element mesh. (Number of

nodes: 1052, Number of elements: 1731)
Table 3: Comparison of residual sum of

squares in each case (Relative value for RSS

of "e=0.8 (KF-FEM)".).

e RSS
0.7 (EKF FEM) 0.289767
0.8 (EKF-FEM) 0.266542
0.9 (EKF-FEM) 0.284777
0.8 (KF-FEM)(Standard value) 1.0
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Fig. 10: Comparison of time history of esti-

mated water elevation at Tokyo. (e=0.7.)
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mated water elevation at Chiba. (e=0.7.)
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Fig. 12: Comparison of time history of esti-

mated water elevation at Yokohama. (e=0.7.)
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Fig. 16: Comparison of time history of esti-

mated water elevation at Yokohama. (e=0.8.)
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Fig. 17: Comparison of time history of esti-
mated water elevation at Yokosuka. (e=0.8.)
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Fig. 18: Comparison of time history of esti-
mated water elevation at Tokyo. (e=0.9.)
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Fig. 19: Comparison of time history of esti-

mated water elevation at Chiba. (e=0.9.)
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Fig. 22: Distribution of velocities u, and u,

and water elevation i at T' = 4.0[h]. (e=0.8.)
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Fig. 20: Comparison of time history of esti-
mated water elevation at Yokohama. (e=0.9.)
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Fig. 21: Comparison of time history of esti-
mated water elevation at Yokosuka. (e=0.9.)
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Fig. 23: Distribution of velocities u, and u,

and water elevation n at T = 8.0[h]. (e=0.8.) uy and water elevation # at T' = 16.0[h].
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& * Fig. 26: Distribution of velocities wu, and
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Fig. 27: Distribution of velocities u, and

u, and water elevation n at 7" = 24.0[h].
(e=0.8.)
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Fig. 28: Comparison of time history of esti-

mated water elevation at Tokyo. (e=0.8.)
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