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This paper reports activities of Advanced Visualization and Perception Research Group (AVPRG), Earth Simulator Center (ESC)
in the FY2012. We have progressed on three themes; EXTRAWING, virtual reality (VR) visualization and visual data mining
techniques for oceanic datasets.

In terms of EXTRAWING, we have been released the source code of VDVGE, the volume visualization software on Google
Earth, has been released on the web page of ESC. Cross-disciplinary workshops for VDVGE utilization have also been held regularly.

In terms of VR visualization, a system to select and redraw visualized objects on a mobile device has been implemented into
VFIVE as an experiment. When the number of lines of an “operation list” becomes huge, it becomes hard to select particular
operation records from this list. To avoid such the difficulty, the function that inserts separators into this list in the middle of user’s
operation has been added to this system.

Progress of visual data mining techniques for oceanic datasets is summarized as following three topics: 1) Extraction of ocean
currents and its evaluation; 2) Optimization of 2D color map using extracted result; and 3) Interactive visual analytics between real

and variable space. These works might give our research findings in FY2012 objective assessments and reinforce it further.
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1. VDVGE

We have proceeded EXTRAWING, a project for attractive
representation of geophysical fluid simulation results 'F:":;T':::fewmum )
and conveyance of those results to the general public [1] Y= &w=0

since FY2010. Currently, we utilize Google Earth [2] as a
representation platform of our simulation results. To make the
Google Earth contents from the simulation results, we have been
developing a software program called “Volume Data Visualizer
for Google Earth (VDVGE)”. Figure 1 shows a screen shot of
VDVGE. The source code of VDVGE was released on the web
page of the Earth Simulator Center, JAMSTEC [3] on December
14, 2012. VDVGE corresponds to the various operating system
such as MS-Windows, Mac OS X and Linux by using Qt, a
multi-platform GUI tool kit [4]. The software manual and a

Change Viewer Type to Box Mode.

Fig. I The graphical user interface of VDVGE.

sample dataset are also provided on this web page.

We have regularly held cross-disciplinary workshops to
increase the user of VDVGE. The purpose of these workshops
is to practice how to use VDVGE and to discuss role as a
communication hub. Main attendees are researchers in various

fields, officers of public relations and others. One example of

the visualization results obtained on the workshops is shown in

TRy

Fig. 2. In this figure, a result of the shipboard radar observation Fig. 2 Overlay of two observational results by the shipboard radar on

(denoted by colored disk) on “Mirai” is put on a satellite “Mirai” (color) and the satellite observation (monochrome).
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observation image (denoted by monochrome background) on
the same day and time. The two kinds of the results which have
been obtained from these observations through VDVGE can be
overlaid and compared easily on the Google Earth.

We are also planning to compare with observation and

simulation of the same period.

2. Development of VR visualization

We has been promoting the virtual reality (VR) visualization
project utilizing BRAVE [5], a CAVE-type VR system of
JAMSTEC.

In the FY2012, a system to select and redraw visualized
objects using a mobile device has been implemented into
VFIVE [6] as an experiment. This system sends and receives
information between BRAVE and the mobile device via Wi-Fi

as shown in Fig. 3.
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Fig. 3 System configuration.

In this figure, “operation list” is a list-type text file that the
visualization methods, data types and several parameters are
recorded. The web application on the mobile device picks up
the operation list via the web server and displays it as shown
in Fig. 4. When the user selects buttons on the diagram,
corresponding ID numbers are sent back to VFIVE via the web
server. VFIVE then refreshes the visualized scene according to
those numbers.

The experiment of the implemented function was conducted
in terms of each of isocontouring and streamline drawing using
BRAVE. As sample datasets, the wind velocity (vector fields

for streamline drawing) and the cloud water (scalar fields for

isocontouring) in the near Japan region computed by MSSG
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Fig. 4 Screen captures of the web application. Left hand side of the

images shows a mode to select a level of isosurface, and right

hand side of the images shows a mode to select field lines.
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Fig. 5 The results of the streamline selection using the web application;
the scene that a user selects streamlines on his mobile device
(upper), all of streamlines (lower left) and the selected
streamlines eliminated by the proposed function (lower right).

model [7] were used. The results of the streamline selection
using the web application on user’s mobile device are shown
in Fig. 5. The upper side of Fig. 5 shows the scene that a user
selects appropriate streamlines on his mobile device in the
virtual space of BRAVE. Each of Both images of the lower
side of Fig. 5 represents all of streamlines (LHS) and the
selected streamlines (RHS) eliminated by the proposed function,
respectively. We have been also confirmed that the same way

can be applied to the selection of the specific isosurface in

isocontouring, as shown in Fig. 6.

Fig. 6 The results of the isosurface selection using the web application.
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Fig. 7 Conceptual diagram of chapter function.



This system, however, had an essential difficulty. Specific
operations stored in the operation list are hard to find out on
the small screen of the mobile device, when the number of
operations becomes huge. As an experiment, we introduced
“separator” to divide the visualization operation sequence,
as the conceptual diagram of Fig. 7. If a user inserts the
separator at each moment when an interesting feature is found,
it will become easy to select each region of the operation list

segmented by these separators.

3. Study of visual data mining for oceanic simulation
3.1 Extraction of ocean currents and its evaluation

In the FY2011, we had developed a new 2-dimensional
transfer function (color map) which represents two physical
values simultaneously and cluster analysis methods which
extract emphasis features as shown in Fig. 8 [8]. In the FY2012,
we have developed an evaluation method of clustering results
and optimization method of 2D color map using clustering
results.

Evaluation of clustering results is important to extract ocean
currents accurately. In this study, parameter correlation to the
validation was examined by means of comparing clustering
result and simple correct answer. The simple correct answers are
defined as different weight along x and y axes as shown in Fig. 9.
The weight given to the boundaries of ocean current and vortex
are lower than inside/outside them because of the difficulty of
the evaluation of ocean boundaries. Here, the boundary of ocean
currents is defined by analyzing the gradient of the velocity
magnitude with visual observation.

The accuracy rate of the clustering results with the density-

(b)
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based method and hybrid method was approximately 70-92%
and 78-88%, respectively. Analyzing the parameter dependences
to clustering results in order to optimize the similarity

calculation is future work.

3.2 Optimization of 2D color map using extraction result

Figures 10 (a) and (b) show the 2D histogram and the
extraction result of the density-based clustering result mapped
to the temperature and the current speed space, respectively.
Here, we manually select the boundary of the ocean currents

with white closed curves as shown in Fig. 10 (b). Next, 2D color
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'g Fig. 10 2D histogram of (a) all
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& sea surface data and (b)
§ clustering result of the
=]
O

Kuroshio and the Oyashio
currents, and (c¢) optimized

Temperature ("C) 2D color map.

Fig. 8 (a) Multivariate visualization of SST and current speed using 2-dimensional color map and (b) clustering result of ocean currents using

k-means.

209



Annual Report of the Earth Simulator Center April 2012 - March 2013

map is optimized based on the selected closed curves. Fig. 10 (c) 3.3 Interactive visual analytics between real and variable

is the 2D color map with refinement of the ocean current region. space
Finally, visualization result of the ocean currents is obtained The optimized 2D color map can also be applied to
by using the optimized 2D color map as shown in Fig. 10 (c). interactive visual analytics. It enables us to easily analyze the

The Kuroshio and the Oyashio currents are clearly emphasized relation between real space and variable space.
compared with the previous result using non-optimized 2D color Two examples of interactive visual analytics are shown
map shown in Fig. 11. in Fig. 12 and Fig. 13. Characteristic sets of the scatter plot
distribution like arch or line are seen in 2D histogram of
Fig. 12 (a). Here, we enclose these characteristic plots with
closed curve in the same way as specifying the refinement
region in Fig. 10 (b). As a result of visualizing enclosed regions,
a north boundary of a front of the Kuroshio Extension region
and a warm eddy between the Kuroshio and the Oyashio
currents are refinement as bright region in Fig. 12 (b).

In the same way with Fig. 12, Fig. 13 is an example in 3D
real space and 3D variable space composed of temperature,
current speed and salinity. The region with low temperature,

low velocity and high salinity is enclosed a white closed surface

as shown in Fig. 13 (a). The mapping result to 3D real space is
Fig. 11 Visualization result of the Kuroshio and the Oyashio currents shown in Fig. 13 (b) as red sphere. We can find that the enclosed

using Fig. 10 (c). region is shown as like the Antarctic Circumpolar Current.

(b)

o P T

Fig. 12 (a) Manually feature extraction in the 2D variable space (white closed curve) and (b) its mapping to the 2D real space (bright region).

(a) (b)

Fig. 13 (a) Manually feature extraction in the 3D variable space (white closed surface) and (b) its mapping to the 3D real space (red scatter plot).
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