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Equation Model
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~ Abstract : In the calculation of wave propagation by Boussinesq equation model, it is very common to

experience numerical noises generated from nonlinear interaction and breaking wave occurrence, and the
numerical solution is rapidly diverged unless the noises are properly controlled. A comparative study was here
undertaken for the characteristics of three different lowpass filters (FFT filter, Gaussian filter and Shapiro filter)
which are all designed to be applied to the interim results of numerical calculation. The numerical results
obtained with application of respective filter techniques were compared with the results of an existing hydraulic
experiment for the aspects of noise suppression, conservation of main signal and filtering time. The results show
that the Shapiro filter can be best applied with optimal choices of its element number, pass number and filtering
time interval. The combination of the number of filter element of 4, pass number of 50 or less, and application
interval of 100 to 200 time steps generally showed good performance in both accuracy and efficiency of the
numerical calculation.
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Fig. 1. Transfer function of FFT filter.
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Table 1. Properties of Gaussian filter and pixel values (o= 0.4697)
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(a) M=1
Fig. 1. Transfer function of FFT filter.

b M=10



422 AW

Table 191419] Z} o/Axell thgt HEET R(A/Ax)S] W
32 Fig. 201 BEAEGTE 2€@)¢ 18 (b= PHY
7 (pass number) M 2T Aolt}t. TH@E B
H /At FHESEE 0~5 AAx B Hwy g2
spgel tidt WelF adE FolXY 1 o] 3%
of gt ALEE ofgy AT & F ot fLol
, 54 ulolglel st FE 9 BHF ME FIMAYI
o AggL pMo) HY a¥p)eld & § Rl A
SR ADES A3 A drt v, F
A% onx B FHFE AR SsiE HejRe 9
sto] i AN2dY] FZFo] AHEHEAY AR5 A}
A ARY "ot Ut

3.3 Shapiro ZE]

Shapiro(1970)= FX A 5 2= & AAS
7) 918e] 33 BHAE BBLAY S5l whe} w3}
o2 A e g A} BHAEE AASUTE

12 X = (1-8)X7+055,(X7 +X7)

2 24 XD = (1-$)X+058,x", + X2,

Nz X = (1-SyX" P +05syx Y D+ X3

25)
o714, N=2, j=0, 1, 2,019, B S o A 9
o] Rt

28)"? = —1; K=(I+1),..., N; Il = INT(N/2) (26)

2l (26)9] sie
Sy = %{cos(@k)ﬂsin(ﬁk)}; i=J1 @7
g, = %”J, k(%f); E=K-(I+1),..,(II-1)  (28)

o} 2t} A F 9, N=10]h §,= /20|31, N=20]"
S,=-1/20]", N=4°|® §,=+i/2, §,=-i/2°]t}.

A 25y 7 BEedd gl F3] 31 AEFe &
et 7 2258 TH6l O ey Hegr 7
g & et 18y, TR BEEL delge AR F
A e gEdl 482 Bf BAYS gEL F
3t} Abg-steiof sk LE S wbE A8 B o) 74
227} WRE Avtso] SEEe £A7F ik ok,
2 @7 o3 SERRThE A 5)elMAY 33 2

B vbE Fy3gin

A

Shapirodl] 93P 24 4 N9 FE] (258 M3 T
AN71E e Agge o5 At

M
Ry(A/A%) = [1 —{sin(ﬂA—Z)zN}] 29)

Qe g4 & N B Mo Hsle] W Aged |
32 Fig. 3o A8t 28 F40] 33| Nyquist ¥
FABEE A TS50l FEE A/A=2.0 0|3}
M Adgo] go= Yehdrh T, Mol S78HEA
A<100049) wjnd gL M E Adgo] gEsA
s 7 oA Hgg GA s o] I
2 o) AL5E AASA UeRdth AR og N4
AS-ole nvk A& AACdE ZFA ol ok&d] o
F AN1EE e B Lo A3 34F 5 A ol W
3to] N2 8ol E Bl A9 Wisle] e Agge 7]
717} B UEREE B 5 91oH N=8olAl= Aar<eol

A, N=16°14+€ A/Ax < 494X, 218 N=32904= A/

Ax<3004 28 SRAAA 7k

N=1, M= 191 7F2 HE 9] ofAx = 0520 3¢9}
o> §ARHS B 5 gtk 23y, Shapiro DE oA+
FHH R 4 /Ax<2.09 FE 3] AARE 7
LE M= vu)shyut ZESH 2hol 7} Qv

4. Ml HEl2| d5EY

4.1 AlLkx=A

ZAApA A d 1 HupakAgol tigt Hansen Svendsen
(1979)9] 2| A¥AANZ o] g3le] 7] HE 9] F8H S
2ZE) & $2]A32 Fig. 404 Bol= vsl 2ol
T4 by=036 mellA A1 &Ble] £ Ay=0.043mo] °]2&
ZALE 134268 2H= AR EAske & 9 whard
35 3% loftk. £ ATelxes B A7 Az
Z F7) 20%, YA 36emQ] 2238 A o833
o] mEEzd Ui e 036 mold FE
L=353m, 95L& 1,77 mhs, 133 P55 1.56 miso]th
FRZHN7) 9 AHAF) 9 Fig 4014 Bole vleh 2
o ARERY G FFTRE S AR 231 2,043
DI om 9F AWR|FO L oo Yo 59512
B} AATNAL Ac=0.05m= TL5HA) FA51.01 A
R CFL 270 28lo] Ar=7.804x107s3 3T},

B 31573 Axtelr g AR W) N7 Hi
a3 A5t NpA A% 28 wulth H8-8be, F



(e) N=16

Fig. 3. Transfer function of Shapiro filter.
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Fig. 4. Calculation domain.
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Table 2. Experimental conditions of filter analysis
I 384
T E M ¥ Z35
2 N o P E) Np @5 AR 3 (eel B
FFT filter 3 200 1
o Gaussian filter 3 200 1
T+ Shaniro filter 3 200 1, 50, 1000
piro 1 1, 50, 1000
b Shapiro filter 3 200 510
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0.02
E
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(a) Snap wave profile
O'M n-M
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n{m)

.02

(b) Beginning point
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002
(c) Ending point

Fig. 5. Snap wave profile and the time series at the beginning and ending points of the slope (FFT filter, A /Ax =4, M= 1, N3 =200).
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Fig. 6. Comparison of wave height variations for the different
time segment of the analysis (FFT 4/Ax=4.0, M=1,
Ny =2000).
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Fig. 7. Wave height variation for the change of 4 /Ax in FFT
filter (M = 1, N;=200).
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Fig. 8. Wave height variation for the change of o/Ax in Gauss
filter (M =1, N;=200).
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Fig. 9. Wave height variation for the different number of filter
element in Shapiro filter (M = 1, Ny =200).
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Fig. 10. Wave height variation for the different pass numbers
of Shapiro filter (N = 2, N=200).
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a (m)

Fig. 11. Wave height variation for the different pass numbers of
Shapiro filter (N =4, Np=200).
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Fig. 12. Wave height variation for the different number of filter
element in Shapiro filter (M= 1, Np=1).
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Fig. 13. Wave height variation for the different pass numbers
of Shapiro filter (N=2, Np=1).
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Fig. 14. Wave height variation for the' different pass numbers
of Shapiro filter (N =4, N;=1).
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(a) Snap wave profile
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Fig. 15. Snap wave profile and the time series at the beginning and ending points of the slope (irregular wave, N=4, M= 50,
Np=200).

x {m)

Fig. 16. Wave profile and wave height variation of random
wave by Shapiro filter (M= 4, N,=200).
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