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Abstract

In this project, a cloud modeling dataset visualization software caled VisCMD is
developed. This software includes three parts: (1) data parser, (2) GUI (Graphical User
Interface), and (3) Data visualization. The data visualization is the core part of VisCMD.

The data visualization part has three components that form a complete set of data
visualization functions: (1) 1D/2D plot, (2) 3D visualization, and (3) paralel coordinates
for multi-variable data visualization.

The software is implemented with Java and based on existing visualization libraries
and tools such as VisAD, ncBrowse and parvis.

VisCMD is tested with a large cloud model output dataset provided by EOS/UBC
and proved to be successful and meets all its requirements.

The 3D visualization package developed here can also be easily extended to other
fields such as medical use.

1. Problem Statement

1.1 The Cloud Model and output data

The Department of Earth and Ocean Sciences of the University of British Columbia
is presently using a cloud model with a high-resolution of 256x256x90 (25m) in North-
South (6375m), West-East (6375m), and Altitude (2225m) directions.

The output data amount for each time-step is [256x256x90 real -numbers/variable] x
4 (bytes/real-Number) x 12 variables ~ 270MB. If we integrate the model for several
days and save the model output data in a short time interval (e.g., 1 hour), the data
amount will be very large. In addition, the model output data is voluminous, complex and
inherently both three-dimensional and dynamic, and has multi-variables. It is nearly
impossible to the atmospheric scientists to quickly analyze and interpret these model
output datasets without using good data visualization tool.

1.2 Dataset

For this project, we use the three-dimensional cloud dataset from the high-resolution
cloud model output provided by Atmospheric Research Group of the Department of Earth
and Ocean Sciences of the University of British Columbia. The dataset is a three
dimensional, multi-variable gridded data archived in the netCDF (Network Common
Data Format) format.

1.3 Cloud model output data visualization requirements
According to the characteristics of the cloud model output data, the visualization
tool must be able to do (1) 3D visualizations, (2) multi-variable visualizations. Also, this



visualization tool should enable the user dynamically manipulate the rendering object,
such as zooming, slicing, changing colors, selecting data range for visualizing, etc.

2. Related works

2.1 2D data visualization software used in atmospheric sciences

In atmospheric science, there are certainly many full-featured tools available for
visualizing data in two dimensions. NCAR (National Center for Atmospheric Research)
Graphicsis aFortran and C based software package for scientific visualization. It used to
be very popular in the past two decades. Now, NCL (NCAR Command Language)
becomes more popular. NCL is a programming language designed specifically for the
analysis and visualization of data. Another very popular visualization software is called
GrADS (The Grid Analysis and Display System) developed by COLA (Center for Ocean-
Land-Atmosphere Studies). GrADS is an interactive desktop tool that is used for easy
access, manipulation, and visualization of earth science data. However, al these data
visualization software are just for 1D/2D plotting.

2.1 3D data visualization libraries used in atmospheric sciences

There are aso programs for visualizing scientific data in three dimensions. VisaD,
developed at Space Science and Engineering Center at Madison of Wisconsin is a system
for interactive visualization of large 5-D gridded data sets such as those produced by
numerical weather models. One can make isosurfaces, contour line slices, colored dlices,
volume renderings, etc of datain a 3-D grid, then rotate and animate the images in real
time. There's aso afeature for wind trgectory tracing, away to make text annotations for
publications, support for interactive data analysis, etc. A new data visualization library,
VisAD (Visuaization for Algorithm Development), developed at the same place as
VistD, is a Java component library for interactive and collaborative visualization and
analysis of numerical data. The Visuaization ToolKit (VTK) is another library for data
visualization. It is an open source, freely available software system for 3D computer
graphics, image processing, and visualization used by thousands of researchers and
developers around the world. VTK consists of a C++ class library, and severa interpreted
interface layers including Tcl/Tk, Java, and Python. However, using these visualization
libraries require scientists to do a lot of programming. Also these libraries tend to be
complex and hard to extend to the special purposes of scientists.

2.3 What scientists want?

But scientists want visualization software that is ready to use, no need to program,
and specifically designed for their purpose. Our purpose of this project is to develop
software that can be used specifically for visualizing large cloud modeling dataset in
three dimensions. Also, to facilitate the study of the relationships of clouds with other
variables, we intend to implement a parallel coordinate visualization of cloud dataset.

2.4 Current status of developing 3D visualization software for atmospheric scientists

At present, several people and institutions are developing the 3D visualization
software that does not need any programming of atmospheric scientists. For example,
NOAA (National Ocean Atmosphere Administration) HPCC Program is now proposing a



project to develop 3-D Visuadlizations with a Networking netCDF Data File Browser-
ncBrowse.

3. Goals and objectives

3.1 Goals

The goal of the project is to develop the software that can be used specifically for
visualizing large cloud modeling output data in three dimensions and visualizing the
cloud properties (multi-variables) in parallel coordinates.

3.2 Objectives

The project tends to achieve 3 to 4 of the following objectives:

(1) General 3D display and navigation of the cloud body, which includes
a) Display the cloud in 3D
b) View the cloud in different directions
€) Zoom in/zoom out the whole cloud body.

(2) Dynamic dlicing of the volume rendering of cloud body and cloud properties,
for example, the temperature and humidity inside the cloud

(3) Zoom a mouse-selected region

(4) Display the animation of the cloud development in atime period

(5) Parallel coordinates visualization of cloud data

4. Design

According to the goals and objectives of the software, Figure 1 shows our general
design of VisCMD. VisCMD includes three parts, i.e.,

(1) Data parser, which reads the model output dataset in netCDF format, convert the
data into the format needed by VisAD (flat field) and parallel coordinates plotting
(STF-Simple Table Format).

(2) Graphics user interface, which enables the user input and select various
parameters to control the data rendering, and also display the data information on
for user to see what variables and which part of the variables are now being
plotted.

(3) Data Visualization is the core part of the project. This part has three functions,
i.e, (1) 1D/2D plot, (2) 3D volume rendering, and (3) parallel coordinates for
multi-dimensional (multi-variable) data visualizations.
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Figure 1. The architecture of VisCMD

5. Implementation

5.1 Software Tools:

Development of the software is on based on VisAD (Visualization Algorithm
Development) and existing implementations of paralel coordinates. For each part, the
software libraries used can be briefly described as following:

(1) Data parser: UCAR data manipulation libraries: Multiarray, NetCDF
(2) Graphics User Interface: Java Sving
(3) Visudlization:
(a) 1D/2D plot: ncBrowse (a netCDF file browsing tool written in pure Java)
(b) 3D rendering: VisAD (a visualization library written in pure Java)
(c) Parallel Coordinates: parvis (a parallel coordinates visualization tool in Java)

The following is a brief description of the magjor software libraries used in the
implementation:

ncBrowse is a Java tool that provides flexible, interactive graphical displays of data and
attributes from a wide range of netCDF data file conventions.

VisAD (Visualization for Algorithm Development) is a Java component library for
interactive and collaborative visualization and analysis of numerical data.

parvisisatool for paralel coordinate (PC) visualisation of multidimensional data sets, as
first described in [Inselberg 1981]. It is a flexible, reusable user-interface component
compliant to the Java Swing and Java Beans standards, and can perform state of the art



PC visualisation and provide the user with the necessary means of visual interaction with
the data set.

The Scientific_Graphics Toolkit (SGT) facilitates easy development of platform
independent, Java applications to produce highly interactive, flexible, publication quality,
object oriented graphics of scientific data. Features include user settable or automatically
scaled axes, sophisticated, automatically self-scaling time axes, labels as movable,
customizable objects, automatic generation of legends to explain the data being
displayed, and many more.

5.2 Implementation details:

The following describes our implementation details:

(1) We wrote a data parser with UCAR libraries Multiarray, netCDF

(2) We wrote a set of Graphical User Interface (GUI) with Java Swing

(3) We implemented the whole package of 3D visualizations with VisAD libraries.

(4) We modified the ncBrowse tool, added some classes to connect ncBrowse with
our data parser and GUI, and integrate ncBrowse into our software VisCMD by
creating an object of ncBrowse in VisCMD. Integration of ncBrowse into
VisCMD enables the software be able to plot 1D/2D graph, and thus enhanced the
completeness of the software.

(5) We modified the parvis tool, added some classes to connect parvis tool with our
data parser and GUI, and integrate parvis into our software VisCMD by creating
an object of parvis in VisCMD. Integration of parvis into VisCMD enables the
software be able to plot multi-dimensional (or multi-variable) dataset with parallel
coordinates.

5.3 Programming language and platform:
The programming language we used to implement VisCMD is Java and we devel oped
the software on Windows 2000.



6. Screenshots

Screenshot 1: Choose and open a NetCDF file
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Screenshot 1 is the starting window of the VisCMD. It enables the user to choose a
NetCDF file, select a variable from the variable list and choose to display with 1D/2D, or

3D rendering or parallel coordinates.



Screenshot 2: 3D rendering control
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Screenshot 2 is the main control window for 3D volume rendering. It will appear when
the user chooses to draw the 3D plot. Because the high resolution of the dataset, drawing
the 3D plot will use alarge amount of memory. So, to reduce the use of memory, the user
can choose to reduce the data resolution to 50%, 33% and 25%. The volume rendering
also has a function, which lets the user to make dynamical dlicing of the volume
rendering. The user can choose to draw the plot with or without a dlicer. If a dlicer is
choosen, the user can also choose to put the slicer at the bottom, in the middle or on the
top of the volume rendering.



Screenshot 3: 3D cloud display and navigation

# 3D Cloud Yisualization i

Screenshot 3 show the general 3D display of the cloud body. The user can easily navigate
(rotate, move, zoom in and zoom out) the 3D plot.



Screenshot 4: Dynamically change the colors (water vapor in the air)
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Screenshot 4 shows the dynamical change of the color of the 3D volume rendering. The
lower part of each figure is a color widget that can be used to change the components of
RGB colors and the Alpha value. The right hand slide shows when the user set the green
color component into zero, the volume rendering changed into blow to red color map.



Screenshot 5: Dynamically change the Alpha value (water vapor in the air)

(semi-transparent) (transparent in the middle)
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Screenshot 5 shows the effects of changing the Alpha value on the 3D plot. The left
figure shows that we can make the 3D rendering semi-transparent. And the right figure
shows that the user can make some part of the data range transparent by setting the Alpha
value of that part of datainto zero. By doing so, we can clearly see the inside of the data.
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Screenshot 6: Dynamically change the Alpha value (upward flow)
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Screenshot 6 shows another example of the use of setting the Alpha value to let the plot
become transparent and let the user see only the most important part of the data.
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Screenshot 7: Dynamical sicing (upward flow)
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Screenshot 7 shows the dynamical dicing of the 3D volume rendering. On the left figure
we can see agray slicer and ared dot which is a handle to move the slicer. By moving the
dicer, we can get a dlice of the volume rendering to display on the left figure. The left 2D
plot will change dynamically with the movement of the slicer. This feature is important
because it enables the user to see the inside of the volume rendering dlice by dlice.
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Screenshot 8: Dynamically change the color and Alpha (2D dlice) (meridional flow)
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Screenshot 8 shows that we can also dynamically change the color and Alphavalue of the
dliced piece.
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Screenshot 9: Parallel Coordinates (with parvis)
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Screenshot 9 shows the display of the 12 variables of the cloud model output data with
the parallel coordinates techniques. The 12 variables are atitude (z), zonal wind (u),
meridional wind (v), vertical motion (w), liquid water temperature (tl), total water vapor
(qt), cloud (gn), pressure (pp), etc. With help of the parallel coordinates, we can clearly
see the relationships of these variables, which cannot be easily seen from the traditional

2D line plots. In addition to the general parallel coordinates display, it also has the
features such as brushing.
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Screenshot 10: display data in 1D & 2D plot (with ncBrowse)
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Screenshot 10 show the 1D and 2D display of the cloud modeling data, with the libraries

provided with ncBrowse.
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7. Results

We have developed software called VisCMD, which is specifically designed and
implemented for visualizing large cloud-modeling dataset. The VisCMD has a user-
friendly Graphical User Interface and a complete set of Information Visualization
functions, i.e.,

(1) 1D/2D plotting
1D/2D graph,
zooming,
movable graph title
(2) 3D visualizations
genera 3D display and navigation (rotate, move, zoom in and zoom out)
dynamically set colors
dynamically set Alpha values (transparency)
dynamical dlicing
(3) Paralel coordinates
- General parallel coordinates display
Brushing
Change the order of axis
Remove and add axis
histogram

8. Lessons lear ned

3D volume rendering and N-dimensional parallel coordinates are the core
visualization parts in the VisCMD. In 3D volume rendering, the proper colour RGB
settings can let the atmospheric scientists perceive the whole cloud model. But selecting
an effective colour scheme is difficult and colour-blinded people must be considered.
Overusing colours could make the visualization cluttered and downgrade the readable
data patterns. Therefore we finally provide the colour and alpha widget tool to let the
user decide the colour settings and transparency. On the other hand, zooming is a good
visualization technique to reveal more information, but may not quite useful for the
atmospheric scientists because of the possibilities of losing some contexts and increasing
clutter, especialy in 1D/2D plotting (even though we implemented here).

Parallel coordinates technique is very helpful in analyzing the relationships among
multiple variables. But selecting appropriate variables could be difficult and the user has
to spend some time to figure out which set of variables are useful and need further
anaysis.

Using the legacy code (the existing libraries and software tools) achieves fast
software development, but the flexibility and performance are significantly affected by
those existing tools. Sometimes this may become one of the weaknesses for our software
applications devel oped.
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9. Evaluation

The software was tested with the cloud model output dataset provided by the
Department of Earth and Ocean Sciences of the University of British Columbia. The
results show that VisCMD can let the user interpret the cloud modeling data much better
and faster.

The VisCMD can be directly used to visualize the cloud model output data in the
Department of Earth and Ocean Sciences (EOS) of UBC to improve the currently used
graphics software. At present, EOS/UBC uses software developed with Python to display
their cloud modeling data. The software is not very convenient to use because (1) the
variables are hard coded inside the program and the user cannot easily select a variable to
display. If the model changes the output variables, the software should also be changed;
(2) The user cannot dynamica manipulate the 3D rendering; (3) there is no a
visualization technique that can be used to visualize multi-variables at the same time.
With VisCMD, the user can easily select a variable to display with the friendly GUI and
dynamically manipulate the 3D volume rendering and quickly visualize, analyze and
interpret the model output data. Also, the user can display multi-variables and analyze
their relationships with the parallel coordinates visualization techniques.

The strengths of the software are (1) a user friendly Graphical User Interface (GUI),
(2) a complete set of data visualization functions, from 1D/2D plot to 3D visualization
and to N-dimensional parallel coordinates, (3) the user can easily manipulate the 3D
rendering dynamically (e.g., the dynamical dlicing, dynamically change color and Alpha
(transparency) values), (4) the parallel coordinates technique can let the user make multi-
variable display and more easily find the relationships of these variables.

The weakness of the software are (1) Paralel coordinates display and 3D volume
rendering are not connected with each other. So we can not observe how parallel
coordinates are dynamically changing while the position of the dlicer is changing in 3D
volume rendering. However, this function may be useful for perceiving other visual data
patterns when observing the multiple relations between 3D space and cloud properties;
(2) Due to the limitation of some libraries we used, every time we redraw the 3D volume
rending, we need to restart this software program from the beginning, even though we
implemented something like “ DestroyObject”; but other functions work well without any
problem; (3) Volume rendering needs a lot of memory and may be slow even for only
one-time step data sets (we presently solved this by reducing the resolutions). But if large
amount of multiple time-step data sets are processed, the performance of the VisCMD
may suffer alot. We believe these weaknesses can be solved soon in the future.
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