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Visual Simulation of Aurora Taking into Account
Dynamic Phenomena of Disconnections and Reconnections
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Abstract: This paper describes a new modeling method to simulate complicated deformations of aurora
for CG animations. Our goal is to generate motion pictures reproducing these unique phenomena of au-
rora. 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. In our method, the aurora distributions are represented as sampling points.
Sampling points are set on the 2D horizontally plane as an ordered list. Our method processes modifications
of connection relationships among a sequence of sampling points taking into account dynamic phenomena
of disconnections/reconnections. We represent the situation of aurora that formed multiple distributions by
cutting a sequence of sampling points. We represent the situation of aurora that formed a singly connected
distribution by reconnecting sequences of sampling points. The proposed method reproduces the aurora mo-
tion by simulating the movements of charged particles. The movements of charged particles are calculated
by the fluid simulation adding the Ampere force and the Lorentz force as external force. Our method gen-
erates 3D aurora distributions by simulating emission of light process based on 2D aurora distributions. We
reproduce the distribution of natural fluctuation using the 1/f noise. The proposed method renders the CG
animations of the aurora by projecting 3D aurora distribution to the screen and calculating the intensities
of emissions.
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Fig. 1 The process of aurora development.
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Fig. 2 Processes of disconnections and reconnections

(airscape).
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CSh

(2) FW L2 0D E L, O0Le2%PYDFr—1uI%
BT % HkF

(3) DO L B SNt —1 T DRk
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1A

Table 1 Runtime environments.

OS Windows 7 Enterprise 64 bit
CPU Intel Core i7-3770 3.4 GHz
AEY 16.0 GB
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K2 2ROV IaL— a3 VBT ENT A—FF

Table 2 Parameters for 2D simulation.

INT A—% BfiE
=) 64 x 42 il
l 1.0
IMax 1000.0 A
JMin —1000.0 A
q —1.6022-19
d 0.0156
) 5 i B - D b A 10z &
D 0.0078
a 0.0036
b 0.0027

3 LYYV TICHTENT A=F 5K

Table 3 Parameters for rendering.

—% Bn
%mT TVAREL 10 1
EHT&%FET@W&R 1:1000
gM 10,000 eV
gMin 3,500 eV
c 1,250 eV
h 0.175
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FEiFaOETHEL, \mttﬁ T 7 534 & R TR
L7z

Fig. 11 Simulation results of disconnections and reconnections.
The red curve represents the distribution of the au-
rora. The green dots represent the charged particles
used to determine disconnections and reconnections.
The white curves represent isolated aurora distribu-

tions.
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TR KT RV A ERTIRRLE

Fig. 12 Rendering results of aurora with disconnections and

L S =

reconnections. Red curves represent the aurora distri-

butions.
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Fig. 13 A rendering result of aurora.

14 EENMELS LY FY) VT LR

Fig. 14 A rendering result when viewed away from the aurora.

15 FEGERE O

Fig. 15 A composition result of the simulated aurora and a

photograph.
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Fig. 16 Comparisons of 2D distribution simulation results with

iéﬁm( KESADY I 2L —Y 3
CFEHREDDBHE. (), (d) D

disconnections/reconnections (a), (b) and without it

(c), (d)-

/|
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Fig. 17 Comparisons of 3D rendering results with disconnec-

tions/reconnections (a), (b) and without it (¢), (d).
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Fig. 18 Comparisons of 2D distribution simulation results with

a resampling of the aurora distribution (a), (b) and
without it (c), (d).
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Fig. 19 Comparisons of 3D rendering results with 1/f noise
(a), (b) and without it (c), (d).
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Fig. 20 Comparisons of level of detail of charged particles (2D

|

simulation results). A large number of charged parti-
cles (a), (b) and a small it (c), (d).
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Fig. 21 Comparisons of level of detail of charged particles (3D
rendering results). A large number of charged parti-
cles (a), (b) and a small it (c), (d).
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