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Fluid simulation is one of the most complex tasks in
three-dimensional simulation. Specifically, in the case
of oil spills at sea, the oil film constantly interacts and is
influenced by the environment, thus making its compo-
sition and properties change over time. In this paper, we
tackle this problem by using both Lehr's spreading mod-
el and Hoult's drifting model to build the oil spill physi-
cal model. Unlike previous studies that only applied the
Poisson disk algorithm to static and solid objects, we
applied it in a three-dimensional space to divide the oil
film into fluid particles. The track of oil particles under
the influence of waves, wind, and currents is rendered
by the Unity3D tool with C# programming language,
which vividly and realistically simulates the collision
of oil particles on the ocean scene with obstacles such
as buoys and small islands. The result of this research
can be used to predict oil spill direction, thus provid-
ing the solution to respond and minimize the damage
caused by oil spills at sea. We also discuss some im-
provements to our model by using the Marching cube
algorithm to render the Metaball model.
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1. Introduction

As we know it, oil spill accidents often cause
very serious and long-term consequences if
they occur at sea, not only for the ocean eco-
system, economics and tourism, but also to the
environment, especially if we do not respond

timely and with preventive measures. The im-
plementation of spills response is not always
possible because of many reasons, partly due to
the high cost of human and material resources,
and partly due to weather conditions and sea ar-
eas inappropriate for drilling.

Nowadays, with the rapid development of sci-
ence and technology, especially in the field of
information technology, virtual reality simu-
lations have greatly improved education and
training in all areas of life. In our research we
have applied virtual reality to simulate the de-
velopment and transformation of an oil spill us-
ing Unity3D tool. The three-dimensional virtual
reality simulation represents a visual and vivid
sensation, which creates a real-world space to
achieve a representation of highest efficiency.
The model is a low-cost one to implement and
does not require the use of equipment and staff
on accident scene [1]. Also, we can change
many variables, such as volume, location of
oil, weather, waves, wind, and tidal flow, efc.,
which are extremely important factors that can-
not be controlled in the real world.

The rest of the paper is organized as follows.
Related work done in this area is shortly re-
viewed in Section 2. We show the mechanical
process of the oil film in Section 3. In Section 4,
we provide an in-depth discussion of the Pois-
son disk sampling method and the way to ap-
ply it in the oil spill model. The results of our
research are presented in Section 5, along with
the related analysis. Section 6 brings the sum-
mary of our work, while some of its limitations
are presented in Section 7, along with the direc-
tions for future work.
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2. Related Work

Many authors have studied oil spill simulation
models in both two-dimensional and three-di-
mensional scenarios as exemplified in relat-
ed work. Hongxiang Ren et al. [2], [3] (2008,
2009) have applied the planar refraction map
technique to render oil spilled in a three-dimen-
sional scene, by using oil particles to calculate
the track of oil slick with the assumption that
each particle is of a cylinder shape, the height
and base of a cylinder being equal. They also
supposed that particles generation is so simple
that they can be freely sampled within a cir-
cle. Feng Yu [4] (2010) used texture mapping
to render the oil film on the sea. However, as
the oil film is a unified block with a volume of
1000 m?, it cannot realistically simulate an oil
spill in 3D, and the initial oil particles are set
randomly, too. Changjun Zou [5] (2018) used
the NBFLIP method to simulate multi-phase
fluids along with their collision with moving
obstacles. His approach improves the compu-
tational efficiency of the simulation and can
be used to simulate a multi-phase fluid, while
having the particles generated using an organi-
zational form method. Yang Zai-xing et al. [6]
(2012) and Ran Jian, Ding Ying [7] (2012) used
the Poisson disk distribution to simulate water
in a river flow, however their model samples the
incoherent part only, while the sampling area is
too large hence reducing the computation speed.
In our research, we apply the Poisson disk sam-
pling technique in arbitrary dimensions to gen-
erate oil particles. This technique is based on
the dart-throwing algorithm that generates uni-
formly distributed points. The simplest way to
apply this technique was introduced by Robert
Bridson [8] (2007), while in the recent decade
many other researchers focused on how to inno-
vate the Poisson distribution sampling method.
Li-Y1 Wei [9] (2008) improved the sampling
speed by producing a parallel sampling meth-
od in a two-dimensional and three-dimensional
arbitrary surface, which can run faster and is
easy to execute. In their work, Sijia Liu ef al.
[10] (2016) investigated the impact of sampling
strategies, where the Poisson disk sampling
method was compared with other methods that
include grid sampling, random sampling and
jittered grid sampling. The Poisson disk method
then provided a more accurate representation
of the random region field. Bowers et al. [11]

(2010) paper was also based on Wei's method of
sampling on three-dimension arbitrary surfaces,
however their method was shown to be highly
efficient as it can be used to sample large scale
objects. M. Ebeida et al. [12] introduced a max-
imal Poisson disk sampling to solve the prob-
lem of sampling uniform points, both maximal
and unbiased in the sampling domain. Their
method in turn used two phases, both based on
classical dart-throwing. T. Jones [13] was also
interested in a simple and efficient algorithm
to generate Poisson disk sampling in a two-di-
mensional domain, and based his approach on
the Voronoi diagram.

In this paper we apply the dart-throwing algo-
rithm, since it not only generates points quickly
and without the need for expensive hardware,
something the previously mentioned methods
have not met, but is also easy to implement.
Poisson sampling makes the distribution of
points more uniform, and effectively adjusts the
sampling period so that the points achieve bet-
ter distribution efficiency. The point density is
not distributed according to Poisson's law, and
is also neither too thick nor too thin. The area of
the oil film is not too large, so the sampling rate
is fast, hence satisfying real-time requirements.
After sampling, the trajectory of oil slicks is
shifted using Lehr and Hoult's numerical mod-
eling [14], after which the collision detection of
Rigidbody in Unity3D is used to implement the
collision of oil particle with obstacles.

3. The Mechanical Process of Oil
Film Spread at Sea

A complete oil spill modeled simulation must
consider all the processes of oil at sea, where
these processes encompass the mechanical and
physical transformation of the oil slick. The
mechanical process includes all the changes in
area, volume and position of the oil film from
the original data, which is a spreading and drift-
ing process. The latter process includes all the
physical and chemical transformations which
occur within the fluid itself, such as evapora-
tion, emulsification, dissolution, photo-oxida-
tion, bio-degradation, and sedimentation. How-
ever, within the scope of our study, we only
investigated the mechanical process in the oil
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spill simulation model, with the physical and
biochemical processes being ignored.

3.1. Spreading

Spreading is not only important for response
strategies, but it also affects the breaking pro-
cesses. In the past, many researchers such as
Brokker [15] (1964), Johansen [16] (1984), El-
liot et al. [17] (1986) introduced oil spreading
models. In order to describe the formula of oil
spill rate, it is necessary to mention the classic
formula of Fay [18] (1969). Fay divided surface
spreading into three phases. The first phase is
the gravity-inertial one, which is dominant in
the first hour after the spill is released. This
phase is the main surface spreading model for
the simulation of oil spreading, and is appli-
cable for the period of 1 hour to 1 week. The
viscous-surface phase dominates when the oil
film is broken into a smaller area of slick and
persists after 1 week [19] [20]. However, this
formula exhibits many limitations, such as de-
scribing the spread of oil on a calm sea surface,
which does not include factors such as wind,
currents, and waves. Since these are very im-
portant factors for the model accuracy, the oil
film in Fay's formula is only a circle. Lehr has
taken some tests of a spill in the Arabian Sea in
1982 and the result showed that the speed of oil
spreading was underestimated.

When simulating the oil spreading, Lehr con-
sidered the effect of wind, where the oil film is
an ellipse, with the major axis Q being the trend
of wind direction and the minor axis R [21].
The area of the oil film can be hence predicted
using the formula below:

A=(z/4)OR (1)

Lehr calculated the values of minor and major
axes through experimentation, resulting in the
equation (1) to be rewritten as follows:
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where 4 is the oil film area (m?); 4, is the
maximum area the oil can spread (m?); V' is the
volume of oil (barrel); W is wind rate (knot); ¢ is
the time (min); p, is the density of oil; Ap is the
density difference between oil and water.

Boundary of Slick at time ¢ Q Boundary of Slick at time 1 + dt

Figure 1. Spreading process in the Ellipse form.

3.2. Drifting and Diffusion

Drifting is the process that happens simultane-
ously with the spreading process after the oil is
released. The factors that have a strong impact
on the velocity and direction of oil drifting are
wind, current and surface waves. Under these
factors, our oil film is moving and breaks into
many parts in other directions. Mackay and
McAuliffe [22] showed that wind accounts for
3 % of the oil velocity. Figure 2 shows the re-
lation of both wind and current components to
the resulting movement of oil film direction. In
his study [23] Fingas stated that if the oil slick
is near an island or harbor and the wind veloc-
ity is not more than 10 km/h, the oil will drift
at 100 % of the surface current and about 3 %
of the wind speed. Our model is a discrete par-
ticle in which the particle is sampled under the
Poisson disk algorithm. The movement of the
oil film is now the movement of particles. The
drifting velocity of a single oil particle can be
written using the formula below:

dX,
7 = Va5 Vi) Vg (5, yis) - (4)

Here, Xi(x;, y;) is the position of the i-th particle
in the world space coordinate; V is the diffu-
sion velocity; ¢ is the time (in seconds).

Vdrift(xi’yi) =a,V,(x,y)+a.V.(x,y;) (5
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Here, V,, is the wind velocity at 10 m above the
water surface; V, is the current velocity; a,, =
0.03 is the wind factor; a. = 1.0 is the current
factor.

Vdiff (xi ’ yi) - Vd”iﬂRneian (6)

Here, R,[-1, 1] is a random number; a,[0, 7]
is a random angle; V,,,, is the drifting velocity.
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Figure 2. Effect of wind and current direction on
trajectory of oil spill.

4. Three-Dimensional Visualization of
Oil Spill on the Sea

4.1. Poisson Disk Sampling Method

The definition of Poison disk sampling, which
expresses the distribution of trees in a forest,
was first introduced by the Swedish statisti-
cian Bertil Matérn in 1960 [24]. In computer
graphics, this technique was first used by Dippé
and Wold in 1985 for image anti-aliasing based
on the dart throwing technique. Dart throwing
[25], [26] is a classical technique for sampling

Poisson disk distributions in which the points
are randomly generated within a container,
while they must satisfy the minimum distance
r to the other points.

In graphics applications, sampling is a tech-
nique that is very important, especially in ren-
dering, imaging, and geometry processing.
Poisson disk sampling is an algorithm that
generates uniform random points on a field of
n-dimensional space [27]. Samples are limit-
ed by the minimum distance criterion, which
means that the distance between two points is
greater than a certain threshold value, otherwise
the candidates must be less than the maximum
distance from some existing points, and each
grid cell can hold one sample only. Because
this algorithm is implemented in the scalar en-
vironment, the above minimum and maximum
thresholds will establish two circles (in 2D), or
two spheres (in 3D), with the corresponding ra-
dii of » and 2r, as is depicted in Figure 3.

Figure 3. The threshold of candidates active.

Bridson introduced a method to generate points
in the R" domain with minimum threshold r,
and established the maximum candidates (k) to
choose before canceling is £ = 30. The details of
the algorithm are as follows, and the algorithm
itself is illustrated in Algorithm 1:

e First create an n-dimensional space grid
that limits the sampling space and holds
the entire sample in it.

e Divide the n-dimensional space into

. r
squares of size T, so that each cell can
n

hold one point only.

e C(Create an n-dimensional integer array con-
taining the initialization points. When the
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X

reject

Figure 4. Background grid and distance condition of sampling.

array's element is not equal to 0, immedi-
ately generate k points around it (k = 30).
For each candidate point, check the dis-
tance from it to the initial point, which has
the index x; = 0. If the candidate satisfies the
condition » < d < 2r, add it to the active list
and display it on the screen. If the candidate
does not satisfy, then delete it and check the
next point (up to the total of 30 candidates).

Algorithm 1. The Poisson disk sampling algorithm.

1. // R"is the sampling domain (n-dimensional
space)
2. //ris the minimum distance between samples

3. // kis the maximum candidates that can be
accepted, usually take & =30

4. //index is the value each grid is assigned to

5. //d1is the distance from candidate point to closest
point

6. function PoissonDiskSampling (R", r, k)

7. setup grid dimensions

. r
8. cell size «+— —

In

9. if grid [index] # —1

10. for all samples i from 0 to & do

11. if » < d < 2r then

12. candidate accepted

13. add accepted candidate to the active list
14. else candidate rejected

15. end if

16. i—i+1

17. end for

18.  endif

19. end function

For the sake of simplicity, Figure 4 illustrates
the Poisson disk algorithm for the 2-dimension-
al space. It is an example of a 2D background
grid, and it has a clear depiction of the distance
condition of sampling.

4.2. Dart Throwing

The dart-throwing algorithm was first intro-
duced by Dippé and Wold, Cook and Mitchell
[28] in the 1980s as a non-uniform sampling,
in order to avoid aliasing problems in comput-
er graphics. These distributions have blue noise
properties. Blue noise means that the distance
between two closest points follows a certain
power law, under which high frequencies are
more common. The less low-frequency noise
generated, the better visually pleasing results
for rendering, imaging and geometry processing
ensue. However, although classic dart-throwing
is easy and simple to achieve, it results in bad
performance and slow speed. The algorithm is
based on the approach that generates uniform
distributions out of a set of dense points. It con-
stantly checks the distance between the points
until no points can be added any more. Wei
(2008) [9] has solved many existing problems
of classical dart throwing, proposing a parallel
sampling method that can be used as a sequence
of resolution levels to uniform grids in the
dart-throwing process. This is the most popular
Poisson disk sampling algorithm being used re-
cently, which can be implemented on a Graphics
Processing Unit (GPU). The method works by
dividing the domain into sub-domains having
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the same resolution level. For each resolution
level, the cells are smartly classified into sepa-
rate groups. Parallel dart-throwing will ensure
that the cells in the same group can be sampled
and that there are no risks of conflict between
samples. Certainly, each cell can only contain
one point. Each cell has k dart throws to check
the distance between the candidate points. If the
candidate satisfies the distance condition it can
be added to that cell, otherwise no sample is in-
serted into the cell. When all cells in the same
group are sampled, the process checks the other
groups having the same resolution level.

While the above research only generates uni-
form distributions of equal-sized samples, Cline
et al. [29] presented an optimized dart-throw-
ing algorithm to generate maximal Poisson
disk sampling on three-dimension surfaces and
developed the related algorithm to implement
variable density of arbitrary samples without
overlap. Optimized dart-throwing differs slight-
ly from the classical one as follows. When darts
are thrown using a varying sampling, both the
minimum and maximum dart radiuses are taken.
If the minimum dart radius is smaller than the
radius of the sphere or ellipse, the dart is set with
a random value within the minimum radius, and
the minimum value between the maximum radi-
us and the radius of sphere or ellipse from which
the value is chosen, while any other way discards
the process and checks the next one. We can ob-
serve the Cline's model process in Algorithm 2.

Algorithm 2. Dart throwing in a variable distribution.

1. // Setup: grid size, k = 30, r, r, rmax and r

min>
n=3
2. function GeneratePoints(radius,
sampleRegionsize, k)
3. setup grid dimension

. r
cell size «— —
V3
then
r = Random.Range(7 i, Min(7 0%, 7))
else discard the dart

ifrb>rmi1’1

®© N

expands to the nearby spheres

9. end function

Figure 5 shows point generation on the Unity3D
platform using Poisson disk sampling with a
variable size of spheres, as implemented by us.

Figure 5. Poisson disk sampling, with a variable
distribution.

4.3. Application of Poisson Disk Algorithm
on the Oil Model

Within the present research, we assume that
the oil film will spread under the effect of
gravity, inertial, viscous and surface tensions.
This makes the oil reach a constant level by
spreading horizontally, until the moment when
the oil surface layer is thin enough, and when
Fay's spreading process is stopped. Lehr esti-
mates the maximum area of such spill in Eq.
(3). When Fay's spreading process has ceased,
the oil film still spreads, but in this case, the
nature of spreading is different. Namely, the
oil film is dispersed into smaller parts and is
separated under the action of waves and sur-
face currents. In order to implement this pro-
cess, we have used the Poisson disk sampling
to divide the maximum oil area (of ellipse
shape) into particles. Furthermore, we consid-
er the particle system to consist of a thousand
spheres, which is a random sampling within
the area of an ellipse. In Figure 6, O(x, y, z) is
the origin, Oxz is the oil film plane, the y axis
is the peak of sea level, and we consider the y
value to be initially equal to 0. Mathematical-
ly, the way how to check whether a point is in-
side or outside of an ellipse can be determined
using the inequality:

(x=h)?’ (y—k)’
+ <1 7
e % (7)
where (4, k) is the center of the ellipse, while a
and b are the semi-major and semi-minor of the
ellipse, respectively.

Assuming that the sampling domain is scalar
in the Oxz plane, we will accept the points in-
side the ellipse, while others that are not on the
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boundary or inside the ellipse will be removed.
To implement this, we apply the following in-

equality:
(3] (-5
WY ZiTo
+ <1 (8)

where Xx;, z; are coordinates of the i-th point on
the x and z axes, respectively, and a/2 and b/2
are the semi-major and semi-minor axes, re-
spectively.

We express the application of Poisson disk
sampling on our oil film model in Algorithm 3.

Algorithm 3. Poisson disk algorithm used on the oil
model.

1. // Setup: grid size, k = 30, radius, n =3
2. // Index: the value each point is assigned

3. // ValidPoint: a function to check whether a point
is valid or not

4. // d: distance from ValidPoint to existing point

5. function GeneratePoints(radius,
sampleRegionsize, k)

6. setup grid dimensions
7. cell size «— L
3
8. if grid has element then
9. for all samples i from O to k do
10. if ValidPoint is true then
11. candidate accepted
12. add candidate to the active list
13. else candidates rejected
14. end if
15. i—i+1
16. end for
17. end if

18. end function

19. function ValidPoint(points, radius, k,
sampleRegionsize, Gridsize)

20. if points is in the ellipse then

21. for all points in the valid region do
22. if points index # —1 then

23. checkr<d<2r

24. return true

25. end if

26. end for

27. end if

28. end function

0(0.0.0) a x

Figure 6. Sampling region in 3D space.

4.4. Quantity and Scale of Particles

(a) 28 particles model.

(b) 5000 particles model.

Figure 7. Quantity and scale of particles in the model.

The quantity of particles is a very important
factor in the oil spill model. The larger the
number of the particles, the more flexible and
realistic is the oil's movement. Conversely, if
the number of particles is too small, the model
cannot exactly simulate the characteristics of
oil leakage at sea. Again, if the number is too
large, it could require a higher quality hardware
configuration, but would in turn significantly



38

V. Do and H. Ren

reduce the computation speed. Therefore, we
need to base the quantity of particles to be sam-
pled in our model on both RAM capacity and
CPU/GPU computation speed of the computer
used in the simulation. We have performed the
sampling for two cases, as shown in Figure 7:
on the left side (Figure 7a), the simulation was
performed for a small number of equal spheres,
while on the right side (Figure 7b), the opti-
mized dart-throwing algorithm of Cline is used
to sample about 5000 spheres with different di-
ameters.

4 5. Tidal Calculation

In Section 2 above, we have noted the signif-
icance of drifting and diffusion to the oil spill
model. Current and wave direction are two fac-
tors that greatly affect the accuracy of the oil
spill model. Within the scope of this paper, we
use the Mike 21 model, a part of the Mike Zero
software package, to calculate the tidal infor-
mation of the sea area that we assume has been
subject to an oil spill accident. Mike 21 [30],
[31], [32] is an application of the hydrodynam-
ic model used to calculate the mass and mo-
mentum in the vertical axis, following the law
of conservation of mass and momentum. The
hydrodynamic module is a combination of the
two-dimensional shallow water equations, i.e.

Sim: Surface elevation [m]
Penglai: Water Level [m][m] ¢ o

the depth-integrated incompressible Reynolds
averaged Navier-Stokes equations:

9, op 09 _0od
dr Tdx dy  di ©)

where { (m/s) is the variation of surface eleva-
tion over time ¢ (sec); p and g are flux densi-
ties in x and y directions (m>/s/m); d is the time
varying water depth (m).

We used Mike Zero to generate a mesh, and in-
terpolate boundary conditions, and then Mike
21 Flow Model to shape tidal data such as cur-
rent speed, current direction, wave direction,
surface elevation, and the like. In this paper,
we chose the Bohai Bay sea area to simulate
the tidal wave at a proper moment, afterwards
comparing our tidal model with the 2011 obser-
vation data of the ZhiFuDao observation station
located close to the Penglai oil rig position. The
observation data were collected from the web-
site of the National Marine Science Data Cen-
ter, National Science & Technology Resource
Sharing Service Platform of China [33]. The
comparison showed a high similarity between
the two, as visible in Figure 8, where water lev-
el and current direction are depicted (the solid
line denotes the simulation results, while the
dotted one the observation results). Figure 9
shows the current direction of the Bohai Sea at
the ebb tide and high tide.
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Sim: Current direction [rad]
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Figure 8. Comparison of simulation and observation data.

05 June 2011 0630 LT

(a) Hight tide

05 June 2011 1500 LT

(b) Ebb tide

Figure 9. Bohai Bay current direction at high and ebb tide.

5. Real-Time Simulation and
Visualization of Oil Spill

5.1. Implementation Process

Our research mainly relates to an instantaneous
oil spill process, and considers the two charac-
teristics of spreading and drifting. In previous

research many authors focused on both emul-
sion and evaporation processes besides calcu-
lating spread and drift, while our model is an
emergency oil spill rescue model. Since the life
cycle of oil at sea is short, it is difficult to take
into account the evaporation and emulsion pro-
cesses, thus actions are quickly carried out after
an instantaneous oil spill occurs. In this respect,
our model is perfectly suitable.
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Our oil spills model is given as a step-by-step
process in Figure 10. Firstly, we set up the ini-
tial data of an oil spill such as oil type, volume,
density, oil temperature, efc. as well as the
weather condition considering the wind data
at the level of 10 meters above water surface.
Mike Zero and Mike 21 Flow Model FM was
used to calculate the tidal data. These data were
subsequently used as inputs to the oil spread-
ing and oil drifting model to calculate the new
shape and position of the oil film based on
Lehr's research. After reaching the maximum
area, we immediately apply the Poisson disk
algorithm to render oil film into particles, and
recalculate the oil position again. Both move-
ment and diffusion of oil particles as affected
by waves, wind, and current, are all rendered
within a single platform (i.e. Unity3D) thus
producing a nice oil spill simulator canvas.

Start calculation

Input initial spill and weather data
(V,t,po,pw. W....)

v

‘ Wind condition ‘

v

Mike Zero Complisentenisgeed (1) Mike 21 FM
and current direction

Drifting model

\fl

Compute new positon
and area of oil slick

No
A e OF NOt?

Yes
Apply PDS to
render oil particles

v

Oil Spill Model Output

End of calculation

Figure 10. Flowchart of oil spill simulation process.

Spreading model

5.2. Visualization of Oil Spill Model

Visualization of the oil spill model has been
performed on a portable computer with the fol-
lowing characteristics:

e chipset: Intel (R) Core(TM) 17-6700 CPU
@ 3.40 GHz;

e graphic card: NVIDIA Quadro K620;
e memory: RAM DDR4 8GB;
e (CPU: 4 cores and 8 threads.

5.2.1. Qil Spill Model According to Lehr Period

To build our product capable of three-dimen-
sional modelling, we used the Microsoft Visual
Studio 2013 development tools with C# lan-
guage and Unity3D development platform.

We assumed the following input data:
e simulation time: 04 Jul 2011;

e spill position: near the point has coordinat-
ed: 120.10E, 38.40N;

e 0il volume release: 1000 m3;
e oil density: p, = 806 kg/m?;
e water density: p, = 1025 kg/m>;

e wind speed at 10 m above water surface:
Wl() = 05 m/S.

Figure 11 shows the results of a Unity3D simu-
lation of the initial process of an oil spill, which
is based on Lehr's model. In this process, the oil
film is only a development of an ellipse, whose
area of can be calculated after equations (1) and
(2). The individual figures show the oil spill
spread at the inception, 1 hour later, 3 hours lat-
er and when reaching the maximum area.

(b) 1 hour later

(a) Oil spill started

(¢) 3 hours later (d) Maximum area

Figure 11. The process of oil spill visualization.
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(a) Oil spill started

(c) 3 hours later

(b) 1 hour later

(e) 24 hours later

() 48 hours later

Figure 12. Visualization of oil spill meeting obstacle objects.

5.2.2. Oil Spill Model when Poisson Disk
Sampling Was Applied

When the oil film reaches the maximum area,
we divide the oil shape into thousands of parti-
cles basing on the Poisson disk sampling meth-
od, in which all of these oil particles have dif-
ferent sizes and diameters hence ensuring that
our model can satisfy all the requirements for
an adequate visualization. We consider two cas-
es of oil spill at sea:

(1) moving oil particles, eventually reaching
an island;

(i1) oil particles continuously spreading and
drifting under the effect of environmental
factors.

The former case is illustrated in Figure 12, while
the latter one in Figure 13. We used the Poisson
disk sampling algorithm to generate about 2500
oil particles, then render all of them on an ocean
background; and calculated the buoyancy, color
and other characteristics of oil particles to make
our model in the best performance way. The oil
film was continuously updated, with results at
characteristic moments presented in Figures 12
and 13.

Specifically, Figure 13d can be compared
to new research of Lehr on the extent of oil
spreading in 2017. At the beginning of oil re-
lease, the slick was still thick and could not
dampen the wave and surface tension, so the
windrow might not be that apparent. When
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the slick was thin enough, the wave and wind
factors dampened, and the windrow could be
easily observed [34]. We also made a compar-
ison with real-life situations of the Deep Water
Horizon oil spill in July 2010. The similarities
between our model and the latter oil spill are
shown in Figure 14.

Presently there are very few 3D visualization
researches of oil spill model at sea. Ren Hong
Xiang [2] made a preliminary attempt to 3D
visualization of oil spills on a navigation sim-
ulator, using a simple and practical method to
calculate tidal and wind factors. He also applied
the oil particle model to show how the oil slick
was broken up into smaller parts on the water
surface, however, he considered the particles to
be small cylinders of the same size. Within the
spreading model he used Fay's equation to cal-
culate the oil spill area at interval time, resulting
in the oil slick being represented as a circle on
the water surface. A number of limitations were
additionally revealed when using Fay's formu-
la, making thus the oil spill prediction model to
be of low accuracy. Ren's 3D visualization oil
spill model is shown in Figure 15.

Yu Feng also researched 3D visualization oil
spill models at sea, using Fay's formula for the

(a) Oil spill started

spreading model, but not using the particle mod-
el at all. This however resulted in her model not
satisfying the breaking up of the oil slick into
smaller parts, which can be seen in Figure 16.

6. Conclusion

Fluid simulation is a difficult part within the
area of computer graphics but has many appli-
cations in real life. In the research described in
this paper we used the Poisson disk sampling
method to solve the most difficult part of fluid
simulation, namely particles sampling. In our
model, the spreading and drifting of oil spills
were based on Lehr's equations producing a
good result. Mike Zero was used to solve the
tide problem, while the Mike 21 Flow Model
was used to compute current speed, current di-
rection, and other tidal data. The other import-
ant task in simulations was to render and visu-
alize the results of calculations for a suitable
presentation to the user. Here, we chose Uni-
ty3D, a known professional game development
platform. The developed model can be used for
training and as a part of exercises within marine
rescue simulator systems.

(b) 3 hours later

(c) 10 hours later

(d) 24 hours later

Figure 13. Oil spill visualization meeting no obstacle object.
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(a) Windrow in our model

(b) Windrows resulting in Deep Water Horizon oil spill

Figure 14. Comparison with the real-life situation.

Figure 15. Ren's 3D oil spill model.

Figure 16. Yu's 3D oil spill model.

7. Limitations and Future Work

Although the Poisson disk sampling algorithm
made a breakthrough in describing the charac-
teristics of oil spills at sea, thus providing for an
easy rendering of its movement through the ap-
plication of mathematical formulas to each oil
particle, there are still limitations in our model.
The oil shape is only a cluster of a thousand par-
ticles which have not completely satisfied the
fluid simulation. In future work, we plan to use
the Marching cube algorithm to complement
the present work. Marching cube is a computer
graphics algorithm for extracting a polygonal
mesh of an iso-surface from a three-dimension-
al scalar field which can be called a voxel, de-
veloped by Lorensen and Cline and originally
presented at the 1987 SIGGRAPH Conference
[35]. The algorithm has been applied to multi-
ple fields, including video games, medical vi-
sualizations like Computer Tomography (CT)
and Magnetic Resonance Imaging (MRI) scan
data images, and special effects or 3D modeling
with what is usually called metaballs or other
metasurfaces. An analogous two-dimensional
method is called the Marching squares algo-
rithm.

The Marching cube algorithm uses an iso-sur-
face to define which vertex is inside or outside
the cross-plane, after which a surface through
these cut-points can be drawn [36]. This tech-
nique allows the conversion of a non-polygonal
3D model (such as the one represented by vox-
els) to a polygonal one. It works by examining
cube-shaped chunks of the model and repre-
senting each chunk with a certain pre-defined
arrangement of polygons depending on which
corners of the cube are solid. Metaballs provide
a non-polygonal way of defining 3D models
mathematically as a set of 3D points (the "meta-
balls") that sort of glob together as if they were
made of magnetic goo. Metaball models tend to
do well at curvy surfaces and not very well at
sharp, angular, or flat ones. The Marching cube
algorithm can be used to convert a metaball
model into a polygonal one, and subsequently
easily render it by using GPUs. Our approach is
to apply the Marching cube algorithm to repre-
sent metaballs, where each metaball represents
an oil particle, eventually achieving the effect
of the oil film on the sea. This is shown in Fig-
ure 17, where the simulation is performed by
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the Unity3D game engine. This approach can
be used for fluid simulations such as water
droplets or oil spills.

Figure 17. An application of the Marching cube
algorithm to render a metaball.
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