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Visualization Software of Spherical Dada
for Space Weather Modeling

Masato Yoshida

Abstract

Computer simulation of space weather is important since the modern technological
infrastructure is affected by the space environment. Among various research on space
weather, Joint Project for Space Weather Modeling (JPSWM) is a Japanese project in
which simulation codes for the dynamics of solar corona, solar wind, magnetosphere,
and ionosphere are combined. Among these component codes, the simulation code
for the solar corona is the most important one, since the coronal activity is the driver
of all other dynamical events in the solar system. We have developed an interactive
visualization software, “SV4” for JPSWM project. One of characteristic features of
SV4 is that it visualizes data defined on a spherical grid system named Yin-Yang
grid. Although SV4 is developed as a part of JPSWM project, it can be used in
other projects that make use of Yin-Yang grid. Since Yin-Yang gird is now widely
used in various fields in geophysics and astrophysics, SV4 would be useful for them,
too. Another characteristic feature of SV4 as a visualization software is its base
programming language. SV4 is coded in Fortran90 with a graphics library f90gl which
is a Fortran interface for OpenGL and GLUT. Having found that most researchers
involving JPSWM project use Fotran90/95 and they are not familiar with C/C++,
which are standard languages used in computer graphics, we have decided to develop
a fully Fotran-based visualization tool and provide the source codes in order that the
simulation researchers can customize them. SV4 displays magnetic field lines with
their releasing points from which magnetic field lines are integrated. The user can
control a releasing point by the mouse drag. The magnetic field line is calculated in
real time and shown on the screen. SV4 can visualize scalar fields by the isosurface
method. The isosurface level is interactively controlled by the mouse drag. One can
rotate, translate, and zoom in/out the visualized 3-dimensional objects in the display
window. Another visualization method for scalar data implemented in SV4 is the

ortho-slicer in which distribution of the scalar is shown by color contours on x-y, y-z,



and z-x planes.
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Fig. 1 Solar wind and earth’s magnetosphere. [1]
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Fig. 2 Numerical difficulties of the spherical polar coordinate.
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Fig. 3 “Yin” and “Yang” components. These components are congruent extrac-
tions from 7 <6 < 3)7” and _T‘% <o < %" in the spherical polar coordinates. The
red component which has the same directions as the spherical polar coordinate
system is called “Yin”. The blue component is called “Yang”.
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Fig. 4 Yin-Yang grid. The “Yin” and “Yang” components are combined in a

complementary way to cover the spherical surface.
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Fig. 5 The relation between the coordinate axes of “Yin” and “Yang”.
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Fig. 6 Tube construction for a magnetic field line. V, W and U vectors are

perpendicular to each other
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Fig. 7 An example of magnetic field line visualized by SV4. The red ball indi-
cates the releasing point of the field line. The field line is integrated in both the
positive and negative directions from the releasing point. Calculated magnetic
field line is shown by a tube. A corn is placed at the end of the magnetic field
line to indicate its direction.
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Fig. 8 Intersection patterns in the marching cubes algorithm. 14 intersection
patterns of elemental isosurfaces in a voxel are shown. The red vertices have
values higher than the target level of the isosurface. The blue ones have lower

values.
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Fig. 9 An example of isosurface visualization by SV4. An isofurface of magnetic
field intensity is shown. The level of the isosurface can be controlled by the mouse
drag.
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Fig. 10 Pressure distribution on the equatorial (x-y) plane. The z position of
the plane can be controlled by the mouse drag. The color field is from blue to
red. A shock is observed.
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Fig. 11 Distribution of the radial component of the magnetic field on the solar
surface. The polarity and intensity of the magnetic field is visualized by the gray
scale.
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Fig. 12 A snapshot of the menu panels of SV4. The right mouse button is used
to display the menu. The user can select the mouse function and the physical
quantity to be visualized.
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Fig. 13 An example snapshot of magnetic field lines. The lines without red ball
are constructed in the previous session of analysis by SV4. The positions of the

lines are saved in a file.
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Fig. 14 Interactive change of the releasing point of the magnetic field line. As
the user drags the red ball by mouse, the magnetic field line is recalculated in
real time from the new position and re-displayed instantly.
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Fig. 15 Interactive control of the isosurface level. The user can change the level
by the mouse drag.

!

Fig. 16 Control of the slice plane. The slice plane is controlled by the mouse
drag in vertical direction.
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Fig. 17 The radial component of the magnetic field on the solar surface with
magnetic field lines. The magnetic field lines run from positive magnetic field
region of the solar surface (white) and go back to negative field region (black).
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