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Abstract

The main aim of this paper is to provide a visualization solution for oil spillages. Using local conditions in
the target research area Qinzhou Bay, an important access point to the sea for southwest China, the paper
proposes a model to construct an oil spill visualization system which reveals as many impact factors as
possible and is adapted for this region. Due to its rich image resources Google Earth was selected as a client
when constructing the system. It also involves Oracle, which is suitable for storing large amounts of data as
a backend database. This paper resolves KML data exchange and data storage issues between Google Earth
and Oracle by connecting them in the Qinzhou Bay oil spill visualization system.
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1. Introduction

Qinzhou Bay is located in the south of the Guangxi
Zhuang Autonomous Region of China. It is in the
north of Beibu Gulf, adjacent to the continent. It
provides very important access to the sea for south-
west China [1] and the most convenient sea access
for shipping bound for the Middle East.

In recent years, Qinzhou City has vigorously de-
veloped the market economy, expanded trade, and
changed the navigation environment of Qinzhou Bay.
It has built 10 million ton refineries and reserve bases
for crude oil. Due to the increased numbers of
tankers in Qinzhou Bay the risk of crude oil spillages
caused by maritime collision has risen, posing a se-
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rious risk to water quality and the surrounding sensi-
tive resources of Qinzhou Bay. Its position is shown
in Fig. 1.

Using the rich image resources of satellite remote
sensing Google Earth and visual technology [2], this
paper creates a model of an oil spill to fit the en-
vironmental characteristics of Qinzhou Bay, and the
model forecasts the area and track of the oil spill.
It provides effective support for decision-makers and
emergency response teams and seeks to boost the
coastal ecological security of Qinzhou Bay in par-
ticular, and Guangxi Province in general.

Oil spill models in previous research were devel-
oped for emergency response to incidents, and are
mostly used in the emergency response system to fa-
cilitate the important role of technical support. In
practical application, all of the oil spill models what-
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Figure 1: The location of Qinzhou Bay

ever their theoretical basis involve: (i) the process of
inputting the status, meteorological and oceanic data
and the type and physicochemical properties data of
the oil spill, and (ii) outputting the predicted results
and expansive drift of the oil spill through extended
computer calculations.

This model is purposed to simulate the extensive
trajectory and end-result of oil spill drift accord-
ing to the given parameters and based on a predic-
tion program of extensive oil spill drift through ex-
tended computer calculations [3]. The whole results-
prediction and extensive drift process of the oil spill
model are displayed in time sequence. The assump-
tion underpinning the development of the oil spill
model is that the computer can execute reverse oper-
ations in the prediction program of extensive oil spill
drift by altering the parameters and realizing the re-
verse operation in the model and simulating the op-
posite trajectory of the oil spill.

Each subroutine in the oil spill model is capable of
performing independent operations. The liquid sub-
stances in the oil spill are supposed to be solid sub-
stances. The influencing parameter in the subrou-
tine of evaporation and emulsification are changed.
The oil spill model becomes an overlay model of the
wind field model, flow field model, oil spill trans-

port model and image processing program, which
achieves the aim of simulating the trajectory of a sus-
pended solid floating in the sea.

CAROCS considers advection caused by sea cur-
rents and wind, wave height and direction vertical
and horizontal diffusion of oil spill droplets and va-
porization and dispersion. The model utilizes a high
resolution operational model for the sea as well as
a wave forecast model as input [4]. Poseidon ser-
vices Live Access Server Oil Spill Drifts Data Base
FerryBox Previous forecasts Satellite Images HF Re-
mote Sensing POSEIDON mobile [5].

The two models rely on high resolution image
calculation and accurate prediction, which affects
the information processing capacity and translates
into long computing time and high performance re-
quirements.

2. Model

Figure 2: The analysis of oil spill stress

When an oil spill occurs, wind, current and wave
play a decisive role, with another factor being evap-
oration. Since water carrying, emulsification and
shoreline adsorption usually occur over a long time,
they have less impact on the definition of the oil
spill model. For the inner bay and bay area such as
Qinzhou Bay, the main effects on an oil spill come
from wind and water forces. Therefore, in this paper
the definition of the oil spill model can be summa-
rized as the Uoil = Uw + Ut. Uw represents the veloc-
ity components produced by the wind and the waves,
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measured in m/s. Ut represents velocity components
produced by water flow, measured in m/s. It is shown
in Fig. 2.

The figure will tend towards the elliptical when the
oil spill is affected by an external force. The ratio of
the long axis and short axis of the ellipse is deter-
mined by the external force Uoil.

Figure 3: Oil spill elliptical model

In this paper, because the results are produced
through prediction, according to observational re-
sults, the model can approximate the formula below:

A/b = Uoil + t. t refers to time, and the unit is hour.
So according to the measured force and time, the

general shape of an ellipse can be described by ex-
tensible markup language. The floating direction of
the oil spill is the direction of the joint force.

3. System design

3.1. System architecture diagram

Figure 4: System architecture diagram

The system adopts C\S mode and makes full use
of the rich geographic resources of Google Earth. It
connects the backend database by Geoserver [6], and
the system architecture is shown in the Fig. 4.

3.2. The problem of integrating spatial database

Google Earth has two main expansions. One is
data expansion, and the other is function expansion.
The former allows users to add data to Google Earth
through the KML file. The latter allows users to de-
velop a new function by controlling the Google Earth
program through Google Earth Com Api. The kind
of spatial data is variable. The formats of data are
different. The acquisition time is not identical. The
spatial data has various types with multiple scales,
spatial references and projection. Therefore, if the
spatial database and Google Earth are integrated to-
gether, the data should be converted into the standard
markup language of Google Earth, namely KML.

Through the flexible view of Google Earth, both
positioning information and geographic spatial re-
lations can be observed. Oracle Locator and Ora-
cle Spatial can be used to provide analysis of spatial
and non-spatial data based on the server, and Google
Earth can be used as a front-end user to analyze this
kind of information. However, if the Oracle database
and Google Earth can be combined together, a cus-
tom interface that can output KML or KMZ should
be constructed first for the Oracle database. In
this paper, GeoServer outputs KML/KMZ from Or-
acle Spatial. GeoServer can automatically output
KML/KMZ from Oracle Spatial, or use the standard
format WMS, and the value of “format” is PNG.

We know from the description above that
GeoServer is a communication bridge of other
geospatial service / servers, and the normative im-
plementation of J2EE for OpenGIS Web server. It
can release map data conveniently and allow users
to update, delete and insert feature data by us-
ing GeoServer [7]. The spatial information can be
shared rapidly between users through GeoServer.
GeoServer is compatible with the properties of WMS
and WFS. It supports PostGIS, Shapefile, ArcSDE,
Oracle, VPF, MySQL, MapInfo and hundreds of pro-
jections [8]. It outputs the network map as jpeg, gif,
png, SVG, KML and other formats. The format of
the data can be converted. Through the function of
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middleware, the differences between a different op-
erating system platform and database platform can
be shielded after the middleware, and it profession-
ally implements the technology required by spatial
data management and application for efficient shar-
ing and interoperability between different clients.
These provide strong support technology to solve
bottleneck problems. The spatial database can auto-
matically output as KML/KMZ through GeoServer,
and through the primary filter query by GeoServer,
the output of the KML is provided as a service to
Google Earth, which is convenient to show on the
map.

(1) It completes the combination of relevant in-
terface functions between Geoserver and the spa-
tial database. The technology makes rational use
of Geoserver, and realizes the transformation, ac-
cess and analysis of spatial data by relevant interface
functions. Hence, it delivers the desired high effi-
ciency, simplicity, flexibility etc.

(2) The technology integrates the spatial database,
Geoserver and Google Earth. GeoServer integrates
the spatial database and Google Earth. The date in-
formation of the spatial database can be observed
by Google Earth. Both the positioning information
and the geographic spatial relations can be observed
due to its economic and flexible view. It researches
the efficiency of the system processing user requests,
which improves the response speed of the system.

The data achieves incredible transparency and can
be used immediately through powerful tools, such
as Oracle Locator/Oracle Spatial and Google Earth.
These two tools also increase the complexity of the
structure of the whole system, because they were not
developed together.

GeoServer is a communication bridge of other
geospatial service / servers, and the format of the
data can be converted easily, dynamically (improvi-
sationally).

4. System development

Based on the development platform of Microsoft
Visual Studio 2005 and Google Earth API, the Uoil
model defined by KML can be applied in the visu-
alization project to deal with an oil spill incident in
Qinzhou Bay, and the process is shown in Fig. 5.

Figure 5: Flow chart of system design

The system can measure currents and wind speed
around a known oil spill site. The basic situation of
the oil spill after 6 hours can be gained by inputting
data. The effect diagram is shown as follows:

Figure 6: The Client interface

Figure 7: Client displays of the oil spill diagram
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At 9 am on July 30, 2012 a simulation test was
done of an oil spill in the Gulf of Qinzhou. The
system model was inputted with currents and wind
field parameters and tasked with predicting the track
24 hours after the oil spill, the diffusion area and
other property changes, using the Google Earth sys-
tem dynamic display (as shown in Fig. 7). The dis-
tance between the system forecast of the July 31st
9 a.m. position and the actual position measured with
instruments was less than1km. The degree of error is
acceptable. The simulation of the oil spill incident
basically accords with the actual movement of the
oil spill, so the predictions of the oil spill forecasting
system can be applied to the actual behavior of oil
spills.

5. Conclusions and future work

This paper fully proves that it is completely fea-
sible for the oil spill model to use Google Earth as
the client, and connect it with the spatial database to
save the data, which performs the general prediction
for the visual process and trend of the oil spill in the
sea. Geoserver plays the bridge role, and it converts
the spatial database format into KML format. The
whole process is an assembly of components, and the
workload is relatively light.

But at the same time, we also must be aware that
behavior of oil spills in the ocean is a complex pro-
cess, which is influenced by all aspects of factors
and constraints. The oil spill model is the key to ac-
curately predicting the development of an ocean oil
spill. During the design process, the oil spill model
and the offshore actual situation of Qinzhou Bay only
factored in the main effects of the oil spill model to
predict results. In practical work, it is also necessary
to make appropriate adjustments and modifications
to fit the present situation.
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