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Abstract We present an initial attempt for the

development of a distributed and scalable GIS-like

tool for the storage, selection and visualization of 4D

marine datasets. The aim of this tool is to standardize

the variety of data available for the water column and

support non-technical marine biologists in manipu-

lating 4D marine datasets. The tool is developed

towards answering specific environmental and bio-

logical questions regarding ocean processes and

essential fish habitat mapping in three dimensions.
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Introduction

Extensive amounts of accumulated and diverse

marine datasets need to be commonly organized,

accessed and queried by marine scientists (Su et al.,

2000). The result of these queries should be displayed

using sophisticated techniques, such as 3D graphics

and animations (Chen et al., 2004). Three-dimen-

sional visualizations can contain more information at

once and are therefore more suitable for presenting

large datasets (Schonhage et al., 2000). However,

taking into account another important factor, time (as

the fourth dimension) is still one of the challenges in

the field. Thus, there is a need for a powerful, yet

simple to use, GIS-based tool that stores time series

of marine datasets, performs analytical GIS functions

(i.e. data selection using certain criteria defined by

the user) and visualizes the results in 3D animations.

These analytical functions may be used to answer

specific questions, such as the spatiotemporal rela-

tions between different environmental variables (e.g.

3D mapping of upwelling, fronts, gyres and essential

fish habitats).

In many disciplines, large data collections are

increasingly emerging as one of the most important

resources. In domains as diverse as global climate

change, high energy physics and computational

genomics, the data volume already reaches terabytes

and will soon approach petabytes. User groups with

data access and mining needs are often large and

almost always geographically distributed (Moore

et al., 1998). The accumulated large amount of marine

datasets, coming from diverse sources such as remote

sensing or electronic sensors, must be efficiently

stored to be queried by marine scientists according to

specific criteria (e.g. where are the areas that simul-

taneously have a temperature between 10 and 15�C,

salinity greater than 35 psu and chlorophyll greater
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than 0.003 mg/m3) and must display the result of

these queries in 3D graphics.

Recently, several 3D visualization tools have been

developed for terrestrial (Jasnoch et al., 2001; Dun-

bar, 2003; Grunwald & Barak, 2003) and marine

applications (Su & Sheng, 1999; Campbell, 2002;

McCann, 2002). Most of these tools visualize specific

data formats, although the current stream of applica-

tions makes use of latest technologies in data–

metadata organization, such as the eXtensible Markup

Language (XML). The GIS-based tool described here

follows this current stream of applications focusing on

the development of a ‘light’ multi-platform tool to be

easily used by marine biologists. The tool aims to

answer specific biological questions with the capabil-

ity to store, select and visualize time series 4D

(latitude, longitude, depth and time) marine datasets

in a distributed and heterogeneous environment (i.e.

with different types of equipment or platform,

accessing data stored in one or more remote servers).

Here, the architecture, the various features of the

application as well as the tools used to develop it are

described and its functionality is explained.

Characteristics

The tool has been implemented as a client/server

architecture, since this is a versatile, message-based

and modular infrastructure which assures usability,

flexibility, interoperability and scalability (Kinshuk

et al., 2001). The main characteristics of this 4D tool

are:

A. Distributed. Since the GIS-based tool may have

many users (often referred to as clients), it was built

to allow many clients to query datasets stored in one

or more remote servers, although it can operate in a

centralized way, as well (both the client and the

server residing in the same machine). Query results

are stored in the user’s computer and may be

displayed in 3D graphics.

B. Heterogeneous. Since users work with different

types of hardware and operating systems, the tool was

implemented in Java programming language to

support this heterogeneity by being able to be easily

transferable and run on any platform.

C. Simple. The user interface is one of the most

important parts of any tool, because it is the

connection between the tool and the user (Preece

et al., 1994). Therefore, the tool’s interface, based on

the graphical user interface (GUI) paradigm, was

conceived to be very simple and intuitive to be used

by non-technical users. After just a few trials, users

start to familiarize themselves with the tool’s inter-

face and its functionalities.

D. Scalable. Since diverse datasets accumulate

over time, the tool is able to easily absorb additional

data. With the current design of the tool, it is possible

to have up to 12 servers capable of storing and

querying data simultaneously (i.e. in a parallel way),

allowing users to add more servers according to their

current needs and the existing volume of data.

E. High-performance. Since a large amount of

marine datasets is accessed and queried by many

users across different sites and is displayed on local

screens as 3D graphics, high computing power is

required. Consequently, the tool had been imple-

mented in a way that ensures high performance and

usability through the use of Java 3D because of its

optimization towards real-time 3D rendering and

ability to take advantage of native graphics hardware.

To build all the features mentioned above, the

following components have been employed: under a

distributed and heterogeneous environment, Java was

the natural choice as the programming language, since

it is simple, distributed, portable and multithreaded

(Gosling, 1995), and thus very suited to implement the

logical layer of the tool. Swing and Java 3D were used

to develop the user interface, i.e. the presentation layer

of the tool. For the persistence layer, MySQL was

chosen because of its well proven scalability, flexibil-

ity and high performance. The connection layer,

between the client and the server, was assured by Java

Database Connectivity (JDBC), the industry standard

for connectivity between the Java programming lan-

guage and a wide range of databases. All components

are open source and available in the public domain.

Functionality

The tool’s functionality has been divided into four

steps (Fig. 1), each performing a well-defined task.

Such modularization of the functionality helps the

user utilizing the tool, leading him step-by-step

through the analysis process.

A. Transformation/standardization. Usually, mar-

ine datasets are collected from heterogeneous sources
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(e.g. remote sensing or electronic sensors) and

represented in a variety of different formats. There-

fore, the first step is to represent these marine datasets

in a standardized format using XML. One of the

major benefits of using XML is based on its

capability to represent not only data itself but also

the nature and structure of that data (metadata). This

combination of data and metadata in the same file

means XML has considerable advantages (e.g. data

quality control or data formatting errors) over tradi-

tional data structures (Good, 2005). Marine datasets

in any format may be transformed and imported into

the system, as long as they contain information about

the latitude, longitude, depth, the value of the

attribute measured (e.g. salinity, temperature, etc.)

and the date of the measurements. For each existing

marine dataset, the equivalent in XML is generated

with the help of tools especially developed for this

purpose, some of them freely available in the public

domain. Such tools are easy to use and guide the user

during the transformation process without requiring

in-depth knowledge about XML.

B. Import. After the datasets have been trans-

formed into XML, they are imported into the

underlying MySQL database. The import process is

automated and the user just needs to select the

relevant XML files that will be checked for their

validity, in terms of structure and range of values,

through the use of an XML schema definition (XSD).

C. Selection. Having populated the database, the

user may perform queries and apply criteria in order

to select the data subsets of interest (e.g. where are

the areas were a specific fish species was captured

with a weight greater than 1.5 kg and the temperature

of the water was below 17�C, during 2006) and save

the selection results in his computer.

D. Visualization. Finally, after having performed a

certain query, the user may visualize the query result

in 3D graphics (Fig. 2). The user can manipulate the

3D display by standard visualization capabilities (e.g.

rotation, pan and zoom in/out) but also perform more

advanced operations, like navigating through time

when displaying the graphics or create an animation

(movie) from the sequence of graphics.

Conclusion

This tool merges expertise from computer and marine

sciences (i.e. bioinformatics) in order to facilitate the

understanding of the ever-changing marine world

Fig. 1 The data flow through the tool’s four-stage

functionality

Fig. 2 Example of a 3D graphics showing results from a query

of multiple variables
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through the manipulation and visualization of a high

variety of 4D marine datasets (latitude, longitude,

depth and time). Targeting users in the marine biology

domain, the system aims to facilitate biological

questions, such as where optimum living environmen-

tal conditions for a species are located or where certain

productivity-enhancing ocean processes occur. After a

period of evaluation and feedback by end-users, their

suggestions will be implemented towards the improve-

ment of the tool. In addition, future work will include

the enabling of the tool for web-based usage (as a Java

applet) or the embedding of the Web Feature Service

standard of the Open Geospatial Consortium. The tool

is freely distributed through the following website:

http://arch.her.hcmr.gr.
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