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Three-dimensional analysis of aurora is important for the research of solar wind and
magnetic storms, because aurora reflects the relationship between solar wind and terrestrial
magnetism. Therefore a method to reconstruct a three-dimensional shape of aurora precisely
is demanded. In this paper, a method using template matching and SIFT to detect feature points
from two fish-eye images is proposed. Moreover, a feature point tracking between two images
continuing in time is performed to improve precision of the feature point detection. Then the
three-dimensional coordinates of feature points are calculated by triangulation, aurora shape is
visualized as point cloud.
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Fig. 2 Flow chart of the proposal method
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Fig. 5 Tracking method of the feature point
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Fig. 6 Results of feature point detection from images

at the same time
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Fig. 7 Results of feature point tracking
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Fig. 8 Tendency of feature point tracking by using

template matching

&, FERIRGEIZ & B A —1 T DAL Bk RE
BLUTWBHDDADNRL R>TED, ZILOXEWN
WA TIEMZR T TETCWBEZ AR TE .

332 SIFT ¥y F U7 & BB SIFT
XV F VI K B RHERGEME R 2 M 91TRT. X 9(a)
WBry 7L —bryF oIzl TEIiENLh 57z
Bt OfEBED S 5, SIFTIZ & - TEHAHE & Hkr
NDEERVERIZE->TRLUEMTH S, 72 9(b)
X, M9@)D kR SIFTIZ& > TEIL 7255520, W
ZIt+1LIZ BT 2 a2 SO TRLTWS. X9(c),
[ 9(d) 1% 9(a), [ 9(b) D FHF UM ZHEK L 7ZKT
Ho, M) MIf) IFHEHRVWZKTHS. Zho
ZHRERZ 2, ¥ 9(c) DE WU DRiEEANX 9(F)
TIFEHNT WS Z DR T E 5. RO E DZ1L



4. f& B

KT, ERED, TV —bxvF U7,
SIFTY Y F V7 %5802 0 A T HG§HE & Ekd 5 R
MG U CEAS 2 Z 12 &5, FEuii,
BEOFEZREL 2. KAFEEZHWS Z & THED
DN A —a THEERE? S & D EREREEOND D
; AR 5T, RERGEIZ L B IRE(ABR I N LD
E)aé)intlirr]:glzngbefore feature grbgclﬁiﬁr?gge after feature point SRR A R AT B 5. ZAUT L D, TR

3R Z HRE T E 7=,

AR TIE2BDMIBAT VA I ATIZE>THS
N7z EGN 2 W TIRRIE 2T 57205, 26DH R
7 DA TIIMNE 2 RITHER LMl 2 Z & IXWEET
HrLEZOND., LEDP>THHBOEEL LTHA
TEBERPUEHIZTTS Ze g onsd. £,
ZNIMEVKED T — R %KD 72D, FHEDY)
RILIZSBOHETH 5.

(c) Enlarged image before  (d) Enlarged image after i i3

feature point tracking feature point tracking B : N
ARIFEDO—HBIL, BHEPIAYEE Y 255401148 & Y
WHTE N RS 7 D88 %2 52 1T 7=.

Z E X B

(1) Yoshimasa Tanaka, Takahiko Aso, Bjorn Gustavsson,
Kunio Tanabe, Yasunobu Ogawa, Akira Kadokura,
Hiroshi Miyaoka, Tima Sergienko, Urban Brandstrom and
Ingrid Sandahl, “Feasibility study on Generalized-Aurora
Computed Tomography’Annales Geophysica&ol. 29,

(2011), pp. 551-562.
(e) Background of enlarged (f) Background of enlarged . s . . . .
image before feature point  image after feature point (2) Takehiko Aso, Masayuki Ejiri, Akira Urashima, Hiroshi

tracking tracking Miyaoka, Ake Steen, Urban Brandstorm and Bjorn

Gustavsson, “First Results of Auroral Tomography from

Fig. 9 Tendency of feature point tracking by using ALIS-Japan Multi-station Observations in March, 1995,
SIFT Earth Planets Spac&/ol. 50, (1998), pp. 81-86.

(3) Hans Stenbaek-Nielsen and Thomas Hallinan, “Pulsating
Auroras: Evidence for Noncollisional Themalization of
Precipitating Electrons”Space Physi¢svol. 84, (1979),

23 T [ 9(C) DA\ SASERK X U] 9(d) th T

L Fay FEINTWS. T & D IR EEEZ AL issue A7, pp. 3257-3271.

UCTEHBML 7 & 2 8 H TS 5 Z AN S e, (4) Yukioshi Nishimura, Jacob Bortnik, Wen Li, Richard
34 #FA—0OZD 3 RTARIL AJTERX 6(a), Thome, Larry Lyons, Vassilis Angelopoulos, Stephen

() I LTF Y FL— hvvF Lo, SIFTTY Melee, i)ohn Bonnelléj Olivier II_e hConteI, Cgrist(;;)her
o g y N . Cully, Robert Ergun and Hans-Ulrich Auster, “Identifying

S 5‘ E[ JIN — —

T TR TRERRE, B2 (T ? Lit&oT the Driver of Pulsating Aurora’ScienceVol. 330, (2010),

BWIHIGT 2R A E2E5. Tho2HWTE— pp. 81-84.

0 J 0 3R E b U2 R 2 X 10, X 111 (5) William Sharp, “Rocket-Borne Spectroscopic Measure-

AT X 1020540 t, X 11 ASHEL) t+1 o 3 IRGTIBIR ments in the Ultraviolet Aurora: Nitrogen Vegard-Kaplan

ZRLTVWS., WThoM$ (@34 —1 5% Ehh Bands”, Journal of Geophysical Researctf8SN 1530—

SRR, (b)HA—1FEMEL»SRERE 55T 1834, (1971), pp. 987-1005.

W5, IO OEEIZB T BTROELMED S, jHEs (6) Yoshiki Mori, Atsushi Yamashita, Masayuki Tanaka,
_ o ’ Ryuho Kataoka, Yoshizumi Miyoshi, Toru Kaneko,
— - R ANSE S A |7
57V ‘A FAETC A =17 ORARA R ZAL L T Masatoshi Okutomi, Hajime Asama, “Calibration of Fish-
W5 Z DR T E . Eye Stereo Camera for Aurora ObservatioRfpceeding



(a) Aurora shape as seen from above (b) Aurora shape as seen from side

Fig. 10 Aurora shape at tirme

(a) Aurora shape as seen from above (b) Aurora shape as seen from side

Fig. 11 Aurora shape at tinte'1

of the International Workshop on Advanced Image Eye Stereo Camera’RProceedings of ACM SIGGRAPH

Technology 2013 (IWAIT201,32013), pp. 729-734. Asia 2014 Posters, Article Np.2@2014).

(7) Ryuho Kataoka, Yoshizumi Miyoshi, Kai Shigematsu, (10) Yannick Benezeth, Pierre-Marc Jodoin, Bruno Emile,
Donald Hampton, Yoshiki Mori, Takayuki Kubo, Atsushi Helene Laurent, Christophe Rosenberger, “Review
Yamashita, Masayuki Tanaka, Toshiyuki Takahei, Taro and Evaluation of Commonly-Implemented Background
Nakai, Hiroko Miyahara, Kazuo Shiokawa, “Stereoscopic Subtraction Algorithms”, Proceedings of the 17th
Determination of All-sky Altitude Map of Aurora Using International Conference on Pattern Recogniti¢2008),
Two Ground-based Nikon DSLR CamerasAnnales pp. 1-4.

Geophysicag\ol. 31, No. 9, (2013), pp. 1543-1548.

(8) AR FEZz, IR &, Bk ¥, W EAT, R B
W, =hF dfl, B EM, BE —, “RIRAT VAR
AT THAR LA —v JH)EoO 3siihll & argift ”,
2014 F FEME 2 LA 2R T R R ARG 22 3l R S,
(2014), pp. 985-986.

(9) Hiromitsu Fujii, Takayuki Kubo, Atsushi Yamashita,
Akira Takeuchi, Masayuki Tanaka, Ryuho Kataoka,
Yoshizumi Miyoshi, Masatoshi Okutomi, Hajime Asama,
“Aurora 3D-Measurement and Visualization Using Fish-



