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Analysis and Realization of Ocean Wave Surface by Utilizing Matlab
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ABSTRACT

This research is about the studies of ocean wave and realization of ocean wave surface utilizing the Matlab as development

tool. In this paper, the related background theory about ocean
three-dimensional and two-dimensional sea wave and sea-surface
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wave and sea-surface wave had been discussed. In addition, the
also been realized and simulated by using Matlab.
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| . Introduction

The study about ocean wave had started long
time ago. The occurrence of ocean in the earth
cause what we are here today. It is important for
us it although the
interrelated task had started long time ago.

Ocean is a worth study field and it widely
covered various field of knowledge. The correlated
field including Biological, Chemical, Physics, Mat-
hematic and also many of the latest technologies
nowadays are interested with the ocean related

to continue study about

research study.

The computer graphic designer always cracked
their brain to simulate a real live ocean wave in
the virtual world. To achieve a merely real live
ocean wave, designers always need to go back to
the mathematics formula and physics’ theorem that
related with the sea surface.

This field of study may useful in many ways.
The visualization of sea surface can help developers
to imagine the sea conditions and characteristic
This
paper included the discussion of the ocean related
theory, mathematical expression and the method of

during handling their ocean related tasks.

implementation of ocean wave surface.
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Il. Ocean Wave

In this section, a brief description about some
basic theory and principle that lie beneath ocean
wave will be illustrated. Ocean is part of the earth
is the
mediating process in the atmosphere (the transfers

system. The activities involve with it
of mass, momentum and energy through the sea
surface) [2].

The wind generated wave of the sea surface is a
stochastic event and consists of irregular collection
of crests and troughs. The multiple type of forces
act on the sea surface cause the multiple waves
with different wave length, different amplitudes, out
of phase, different wave periods, and propagates in
different direction.
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Fig. 1 The summation of all random cosine wave that
form ocean wave. A concept drawing presented by
Pierson et al. 1955 [3].

Starting from a simple harmonic cosine wave,
the wave propagating on a two-dimensional space
which can represent by equation 1:

u(z,t) = A*cos (kx —wt+ ) 1)

Where A k=2m/\

wave-number, A is the wave-length, w =2n/7 is

is the amplitude, is the

the angular frequency, T is the wave period and ¢
is the phase of the wave. However, the ocean wave
is the sum of all different sinusoidal waves.
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N
u(z,t) =Y A *cos(kx, —w,t+a,) 2

n=1

Let wus
dimension, a sum of cosine waves is one of the

consider the ocean wave in two-

solutions that use to model the sea surface
represented in equation 2.

Each of the cosine wave has its own amplitude,
wave-number, angular frequency and phase. Figure
1 briefly illustrate the concept of ocean wave which
form by sum of cosine wave, with each of them
propagates with its own characteristic. Different
locations also contribute to different type of wave.
As shown in figure 2, the wave at shallow water
near the beach or river side and the wave in the
The
concern in this paper will more to the wave in the

deep water have two different patterns.

deep sea.

shallow water deep water

watef surface

seafloor

Fig. 2 The wave type occurs in shallow water and in
deep water [5].

Ill. Ocean Wave Spectra

To descript this
concept of ocean wave spectrum had been widely

complex ocean wave, the

used. Previous section use the wave-length
distribution and angular distribution to descript the
ocean wave which shown in (2). To determine
these distributions, physicists use the relationship of
the wavelength and the frequency of the wave to
perform ocean wave realization and analysis work.
There are several frequency distribution models
that had been developed. The most famous and

prominent models are Pierson Moskowitz model and
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JONSWAP model. Following session will discuss
more details about these models.

A. Pierson Moskowitz Spectrum

Various idealized spectra are used to answer the
question in oceanography and ocean engineering.
Perhaps the most common and easiest is the one
that proposed by Pierson and Moskowitz (1964) [2].
This spectrum model assumed the wind blew
steadily for a long time over the wide sea area and
thence the wave come into equilibrium with the
wind. The formula for this energy distribution is

shown in equation 3.

I
/

2
Ep(f) = (;34][5 *expl— %(

)" 6))

The parameters for the formula are: a = 0.0081,

0.13 . . . .
fm = Tgwhere v is wind velocity. fm is the

peak frequency of the energy distribution or means
the dominant wave type in the energy distribution
for this frequency value.

Besides that, the dispersion equation had been
used to determine the wavelength and the
relationship of the wave number and frequency of

the wave:
w(k) = \/g_k:27rf,k:27” (4

Where k is wave number, g is gravitational
acceleration, and A is wave length.

Figure 3 shows the Pierson-Moskowitz spectrum
for five different wind speeds. The higher wind
speed value, the
distribution.

higher for the wave energy
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Fig. 3 The Pierson Moskowitz spectrum plotted using
Matlab for five different wind speeds.

B. JONSWAP Spectrum

JONSWAP is the acronym for Joint North Sea
data
collected from this project, Hasselmann et al.(1973)

Wave Observation Project. Base on the
propose a modified version of Pierson Moskowitz
spectrum. This modified version called JONSWAP
spectrum. Its purpose is to account the wave
limited fetch condition when he found out the wave
spectrum is never

JONSWAP project,

fully develop during the

—(f=1.)?

E(f) = Epy(f)*exp(In (7)*[exp( 20°f?

) 6)

‘Where fm = 35(} *(%)70'33’ voo= 33, and

0.07.f = [,
0.09, f > fu,

E(VE(f,)

Fig. 4 The comparison of JONSWAP spectrum and
Pierson-Moskowitz spectrum [7].
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IV. ANGULAR DISTRIBUTION

Ocean waves are form by numerous random
waves from all possible direction. Previously, we
had discussed about the energy distribution of the
wave, but it is yet not enough to represent the
ocean wave. Ocean wave spectra should represent
together with energy distribution and the angular

distribution. The directional wave spectrum 1is
written as equation below:
E(f,0) = E(f)*D(f,0) 6)

Next session will illustrate some common use
angular distribution.

A. Mitsuyasu Angular Distribution Function

Moreover, another commonly used angular

distribution function in ocean wave realization is

Mitsuyasu angular distribution function. This
theorem is shown as below equation.
I'(s+1) 9 T\ s
D(f,0) =—F—-—"——%* —)° ®)
(1.9) 2v/7 I(s+0.5) (cos 2)
I'(s+1) =/ **e Tdx 9)
0
9.77%( ff )=,
5= }” (10)
6.97%(==)°  f<fn
I
The formula &8 describes the ocean wave

propagation direction or in other words, it more
precisely shows the energy of a wave with
frequency, f that is travelling under the angle,d
relative to the direction of the wind blow.

V. IMPLEMENTATION AND RESULTS

A Realization of 2D Ocean Wave
The implementation started with generating the
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Pierson Moskowitz spectrum and the Mitsuyasu
angular spreading by applying the core (3) and (8).
As shown in figure 5, the bell shape of wave
energy spectrum and two peak wave spreading
pattern had been generated. Applying the equation
6, a directional wave spectrum had been generated.
From figure 6, graph bl, the wave spectrum now
become a two peak spectrum due to it bounded
with the angular spreading. A white noise had been
generated in the process. The white noise technique
is commonly using in ocean wave generation jobs.

This method is based on the principle of digitally
filtered white noise and is generated in real time
[8l. As shown in the figure 6, graph b2, the
generated white noise spectrum is modulated with
the directional wave spectrum. The directional wave
spectrum which acts as the digital filter for the
white noise that only allows a band-pass frequency
for the noise spectrum.

The final result had obtained by performing
inverse FFT towards the filtered white noise
spectrum. Figure 7 shows the generated 2D ocean
wave with wind speed of 10m/s; while figure 8
shows the ocean wave with 30m/s wind speed. By
comparing the wave magnitude in figure 7 and
figure 8, we can conclude that higher wind speed
will cause larger ocean wave. This also fulfills the
theorem of Pierson-Moskowitz equation, which tells
the wave in fully developed sea are rely on the
magnitude of the wind.

B. Realization of 3D ocean wave

By applying the same algorithm and method, a
carry out
straightforwardly. The difference between two tasks

3D ocean wave realization may
is it is more troublesome for 3D ocean wave when
a three dimension ‘space’ need to ready for the
process. By referring [9], the 3D dimension array
being initialized.

After the initialization of the dimension, all the

parameter needs to be setup as well. Next, a
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three-dimensional Pierson Moskowitz spectrum had
been generated. The following step is generating
the 3D Misuyasu angular distribution. Therefore, a
directional wave spectrum was created. The method
continues and finally the directional wave spectrum
transformed into the wave-number domain. The
white noise method also applied in the 3D ocean
wave realization. As same as previous work, the
white noise spectrum modulated into the directional
wave spectrum. At the end, the wave surface can
be obtained by inverse FFT the modulated wave
spectrum.

The following figures shows the steps mention
above. Figure 10 shows the wave energy spectrum

and figure 11 shows the directional wave spectrum
that used the Pierson-Moskowitz spectrum and
Mitsuyasu  spreading. 12 the
modulated spectrum in between the white noise
spectrum, and

Figure shows
spectrum and the directional wave
this is the pre—final step of whole process.

From the figures, we can observe that the three
dimensional spectrum output pattern is similar with
the output pattern of the two-dimensional spectrum.
Lastly, the final result of the three-dimensional

ocean wave was shown in figure 13.

a1) Plot of Pierson Moskowitz Spectrum
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Fig. 5 The Pierson Moskowitz spectrum in (at)

b1) Plot of Wave
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Fig. 6 (b1) shows the Directional Wave Spectrum; (b2) shows the white noise filtered by the
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«c) Plot of 2D-Ocean Wave
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Fig. 7 The final output of two-dimensional ocean wave for wind speed 10m/s.
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Fig. 8 The final output of two-dimensional ocean wave for wind speed 30m/s
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Fig. 10 The 3D Pierson Moskowitz wave spectrum

Fig. 11 The directional wave spectrum.

Fig. 12 The modulated spectrum between white noise
spectrum and the directional wave spectrum.

Fig. 13 The three—dimensional Ocean wave surface
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VI. CONCLUSION AND FUTURE WORK

The ocean wave realization done in this research
was base on the Pierson-Moskowitz spectrum and

Mitsuyasu angular spreading concepts. Conse—

quently, the output ocean wave characteristics are
bounded by both theories. One of the most noticed
characteristic for this work is it only applies for the
fully developed ocean wave.

For future work, more type of wave energy
spectrum will be applied with combine with multiple
type of angular spreading method. Besides that,
animating the ocean wave will be developing in
future
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