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a b s t r a c t 

With the constant deepening of research on marine environment simulation and information expression, 

there are higher and higher requirements for the sense of reality of ocean data visualization results and 

the real-time interaction in the visualization process. This paper tackle the challenge of key technology of 

three-dimensional interaction and volume rendering technology based on GPU technology, develops large 

scale marine hydrological environmental data-oriented visualization software and realizes oceanographic 

planar graph, contour line rendering, isosurface rendering, factor field volume rendering and dynamic 

simulation of current field. To express the spatial characteristics and real-time update of massive marine 

hydrological environmental data better, this study establishes nodes in the scene for the management of 

geometric objects to realize high-performance dynamic rendering. The system employs CUDA (Computing 

Unified Device Architecture) parallel computing for the improvement of computation rate, uses NetCDF 

(Network Common Data Form) file format for data access and applies GPU programming technology to 

realize fast volume rendering of marine water environmental factors. The visualization software of marine 

hydrological environment developed can simulate and show properties and change process of marine 

water environmental factors efficiently and intuitively. 

© 2016 Elsevier Ltd. All rights reserved. 

1. Introduction 

Currently, ocean has been closely linked with the life of people. 

With the rapid development and utilization of marine resources, 

The research on visualization of marine information plays a more 

and more important role. Meanwhile, multi-dimensional dynamic 

visualization of large-scale marine hydrological environmental data 

has become a hot topic of ocean research with the development of 

marine information technology. Digital Ocean, as a hotspot of the 

marine information technology, is the best way to represent its in- 

formation to participants, which can convey and perform marine 

scenes in an intuitive way [1] . The features of 3D visualization in- 

clude intuitiveness, time sharing, and regularity. Besides, it is good 

for displaying internal laws and different relationships in the data. 

It is really a challenge to integrate the visualization of massive ma- 

rine data into the virtual environment organically. Beside spatial 

data integration, new user interfaces for interactive marine data vi- 

sualization geo-database are also expected [2] . 
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The applications of virtual and mixed-reality environments, in 

fields like simulation, games and education, bring in billions of 

dollars every year [3] . The utilization of these virtual and mixed- 

reality environments is under exploration for various industrial 

tools. Besides, with the development of marine information tech- 

nology, multi-dimensional dynamic visualization of the water en- 

vironment data becomes a hotpot in marine research, which is 

mainly reflected in simulation and emulation of the informa- 

tion on water environmental elements including sea temperature, 

ocean current salinity and seawater density. An exploratory re- 

search about 3D ocean current model rendering and multi-touch 

interaction [4] was conducted early. Another work visualized ocean 

current and airflow through Streamline Splatting algorithm [5] . 

The visualized analysis based on the time-space characteristic of 

marine environment data has been already implemented on web 

context [6] . The integrated virtual reality system of marine envi- 

ronment has been utilized for geospatial analysis on high perfor- 

mance computer [7–9] . Thomas Butkiewicz and Colin Ware have 

conducted 3D exploratory analysis on multi-point touch screen 

of ocean current model [10] . Sun and Ess et al. have visualized 

ocean current and atmospheric flow through Streamline Splat- 

ting algorithm [11] . Yawen [12] et al. have realized visualization 
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Fig. 1. The system architecture. 

analysis on time-space characteristics of marine environmental 

data. In order to meet the requirement of marine research and de- 

velopment, several marine environmental visualization softwares 

have been developed and applied successively. Google Ocean can 

realize three-dimensional show of global submarine topography, 

but has deficiencies in three-dimensional visualization of marine 

water factors. IDV mainly shows value information through two- 

dimensional plane, section and profile in allusion to the processing 

of marine water factors. Vapor of USA Atmospheric Meteorologi- 

cal Bureau realizes three-dimensional visualization of data, but the 

software is mainly used for meteorological data and has its own 

file format. Chinese digital ocean system developed by National 

Marine Information Center of China, realizes visualization of ocean 

phenomena and their change process [13] , but it mainly relies on 

digital sphere platform for 2D and 2.5D show of marine environ- 

mental information and lacks the analysis and display of marine 

environmental factors in stereo environment. 

The features of marine environment can be reflected from many 

kinds of factors such as sea temperature, sea salinity, sea den- 

sity, ocean current and so on. These data are time series, multi- 

dimensional, heterogeneous in structure and huge amount. The 

complexity of marine data and the requirements of scientific re- 

search necessitate a specific tool that can provide dynamic visu- 

alization and analysis of marine information interactively and in- 

tuitively in 3D environment. It should be generic for marine data 

sets and have high efficiency for mass data. This paper researches 

key technologies such as contour line tracing, isosurface genera- 

tion, section rendering and volume rendering through point, line, 

surface and volume mode analysis based on features of large-scale 

marine hydrological environmental data, and develops a tool to re- 

alize three-dimensional simulation of large-scale marine hydrologi- 

cal environmental data and improves its rendering efficiency based 

on the application of GPU rendering technologies and NetCDF data 

storage technologies. 

2. System framework 

System framework is mainly composed of data management, 

data rendering and application display. Fig. 1 shows the system 

framework. 

Data management module mainly realizes the interpretation, 

access and management of marine hydrological environmental 

data with NetCDF data access way. As a commonly used data ac- 

cess way, NetCDF can store, manage, obtain and distribute grid 

data efficiently. Due to such advantages as small memory space, 

fast reading data, self-description and flexible reading way, it is 

widely used as data storage standard in fields such as atmospheric 

sciences, hydrology and oceanology [14] . NetCDF provides a com- 

mon C programming interface for application and supports basic 

data types, mainly including byte, char, short, long, float and dou- 

ble [15] . According to features of marine data such as dynamic and 

multi-dimensional nature and massive amount, target data can be 

obtained conveniently and rapidly according to the requirement of 

three-dimensional marine scene rendering with the use of NetCDF 

data format storage. NetCDF uses variable, dimension and property 

to form data storage and provides inquiry function. Therefore, it 

can realize unified management and share of marine data and the 

dynamic expression and analysis of marine water factor data. 

Data rendering module uses multi-threading, integrated UI, e.g. 

MFC, and rendering engine to complete visualization rendering and 

analysis of multi-dimensional marine water factor data. 3D render- 

ing engine is composed of a series of modules including line ren- 

dering, surface rendering and volume rendering. The modules are 

mainly developed with API of OpenGL underlying rendering which 

has become an industrial standard [16] . GLSL and CUDA are also 

used to improve the calculation and rendering efficiency. Detail op- 

timizations of the rendering engine are described in Section 3 . 

Application display mainly responds to different operations of 

users, like roaming in the scene, configuring scene properties, as- 

signing elements for analysis and display, etc., in order to realize 

free interaction along with data rendering module and shows vi- 

sualization results. 

3. Key technologies 

3.1. Planar graph 

The rendering of planar graph of marine hydrological envi- 

ronmental data is mainly realized with the use of 3D geometric 

rendering [17] technology and Delaunay algorithm [18] . The cor- 

responding data value is obtained through NetCDF file operation 

(environmental factor value is peak elevation value). Delaunay 

algorithm is used to obtain triangular array and remove nonef- 

fective triangles through traversal and optimization. Vertex index 

mechanism is utilized to analyze data efficiently and uses draw- 

ing element to establish triangular surface object. The color of 

triangular vertex is interpolated according to elevation value and 

configurable color legend [19] . 

The rendering of planar graph is realized with triangular mesh 

method of 3D geometric rendering. Meanwhile, the effective dif- 

ferentiation between sea surface and land is achieved through gra- 

dient correspondence of element value and color value and the 

transparency of invalid value. Gradient color change algorithm is 

as below: 

Known: minimum element value min , maximum element value 

max , numerical value outside data segment is an invalid value; as- 

suming that values between the minimum value A and the maxi- 

mum value B are divided into four color sections on average (step 

= 4), what is the numerical value (valueN) in each section? 

Gradient = min + ( max − min ) ∗ N/Step (1) 

It can be obtained according to formula as followed. ⎧ ⎪ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎪ ⎩ 

value1 = min 

value2 = min + ( max − min ) / 3 

value3 = min + 

max − min 

a 
∗ 2 

value4 = max 

(2) 

In this way, we can set four color values value1, value2, value3 

and value4 to realize gradient change of the graph. In order to im- 

prove the planar rendering efficiency, GLSL is used to calculate the 
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