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Abstract

Title Analysis of S-shaped structure toward visual simulation of aurora
based on dynamic characteristics of the growth and extinction processes
Author Takafumi Kojima
Advisor Taichi Watanabe
Key Words 3DCG, natural phenomena, aurora, Visual simulation
[summary]|

Visual simulation of natural phenomena is one of the most important research fields
in 3DCG. Many methods were developed for representing natural phenomena. These
methods are used in many fields such as education and industry. We focus on aurora which
is light emission phenomena and appears the sky of Polar Regions. Visual simulation of
aurora generates dynamic animations by using feature of aurora such as form and motion
and colors and generating mechanism. Although much research work has been done in
order to reproduce the aurora phenomenon using 3D computer graphics, no one has re-
created disconnection and reconnection of aurora, which are dynamic behaviors unique to
aurora. We propose a new approach for simulating and rendering aurora. The proposed
method can reproduce aurora motion and render the various aurora emission colors.

In the first approach, our proposed method reproduces aurora motion by simulating
the movements of charged particles. The proposed method creates a square grid for
simulating the electromagnetic field and calculates forces acting on the charged particles
by simulating the electromagnetic field. The particle positions are iteratively updated,
and the grid size is also updated after every iteration so that all the particles are always
within the region of the grid. In the second approach, our goal is to generate motion
pictures reproducing these unique phenomena of aurora. We analyze some fundamental
motions of aurora such as splitting, shear and fold rotation, and propose a method to
mimic such complicated deformations as disconnection and reconnection. By simulating
the motions based on the growth and extinction processes of S-shaped structure, we
address the problem to generate image of the appearance of the aurora’s dynamic motion.
The proposed method reproduces the various aurora emission colors by simulation of
the emission process and the light attenuation. Our experimental results indicate the
effectiveness of the proposed system.
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FANCR U CIRZBET 5. iR T OBRENIC X > TR T OEB O &3
ZALT 570, A—u 7tk TiEOZ{LE D)5 2 L TRIET % B T2
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-5 (3.8)
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¢=0EFHET 5. Gauss-Seidel 15 28] Z HOTEN ¢ KD 5. 2z FHD K
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22T REMT DML v, 1377 A = V5 [29] 126E )
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3DCG ITB W TUMERBL 2 BT 27k L LT, I, B85, FrEilz
A2 2 E23d % [30] [31], AWMECIESHEZAL, A —0 7 0FHESP, BjHif
BT 24 —0 700 EFRCEAZER, -0 7 D0EHENLERBUEL <
WP EE R L 7o, fEGIIED & FONNE . TOEREZ g, WEREZ d
L E, NDOWEE 2RO (B20) TR,
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100
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. X —0. . 23
B — 955 (0 0563 0 11%700}/ +1 OSOOZ) (3.23)
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