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In this paper, we proposed a method to measure and visualize 3D shape of aurora
accurately. The proposed method considers not only information of aurora images taken by
stereo camera system but also constraints based on the mechanism and physical knowledge
of aurora generation. The corresponding points between a pair of stereo images are detected
for measurement by triangulation. At the corresponding point detection, detection accuracy is
improved drastically by using the information of geomagnetism and altitude of aurora’s lower
end. Then the shape is visualized by fitting NURBS surface to the detected corresponding
points. Applying this method, the 3D shape of aurora which reflects the physical knowledge
could be visualized.
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Fig. 1 The relationship between aurora generation and
geomagnetism
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Fig. 2 Pipeline of the proposed method

Fig. 3 Aurora and geomagnetism seen from ground
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(a) Aurora and geomagnetism
seen from camera position

(b) Geomagnetism lines
drawn on the aurora
image

Fig. 4 The relationship between aurora image and
geomagnetism lines
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Fig. 5 Corresponding points detection using the same
geomagnetism line and epipolar lines
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Fig. 6 Corresponding geomagnetism line detection by
using block matching along the geomagnetism
line
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(a) The same magnetism lines on left and
right image

(b) Geomagnetism lines on template
and evaluation area

Fig. 7 Projective transform between a pair of aurora
images
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(a) A pair of blocks before correction by
affine transformation

(b) A pair of blocks after correction by affine
transformation

Fig. 8 Correction of block by affine transformation
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(a) Outward appearance of fish-
eye camera system

(b) Inside of fish-
eye camera system

(c) The place where two cameras were installed

Fig. 9 Appearance of fish-eye camera system and the
place where the cameras were installed
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(a) Input image taken by
left camera

(b) Input image taken by
right camera

ɹɹɹ

(c) Undistorted and paral-
leled left image

(d) Undistorted and paral-
leled right image

Fig. 10 A pair of input images and a pair of parallel
undistorted images

Table 1 Information of the camera position
Camera Latitude Longitude Height

Left N 65.12◦ W 147.43◦ 489 m

Right N 65.05◦ W 147.45◦ 662 m

9(a)ɼਤ 9(b)ʹͦΕͧΕࣔ͢ɽਤ 9(c)தʹࣔ͢Α͏ʹɼ
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ը૾ରΛਤ 10(a)ɼਤ 10(b)ʹࣔ͢ɽਤ 10(a)ɼਤ 10(b)
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(a) Result of corresponding
points detection by the
previous method(7) : left

(b) Result of corresponding
points detection by the
previous method(7) : right

ɹɹɹ

(c) Result of corresponding
points detection by the
proposed method : left

(d) Result of corresponding
points detection by the
proposed method : right

Fig. 11 Results of corresponding points detection by
the previous(7) and proposed method

Table 2 Geomagnetism information at the camera
position

Camera Declination Inclination
Left 19.39◦ 77.49◦

Right 19.37◦ 77.44◦

ͨը૾Λਤ 10(c)ɼਤ 10(d)ʹࣔ͢ɽਤ 10(c)ɼਤ 10(d)
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(a) Altitude distribution of
the detected corresponding
points by previous method

(b) Altitude distribution of
the detected corresponding
points by proposed method

Fig. 12 Altitude distribution of the detected corre-
sponding points by previous and proposed
method
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Fig. 13 3D visualization results of the aurora’s shape
by fitting NURBS surface to the detected
corresponding points
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Fig. 14 Change of aurora’s 3D shape with time progress

஋ͱ͠ຊख๏Λద༻͢Δ͜ͱͰɼܭଌͷਫ਼౓΍༗༻ੑ

ΛఆྔతʹධՁՄೳͰ͋Δͱ͑ߟΒΕΔɽ

ࢀ ߟ จ ݙ

(1) ্ग़༸հɼʠΦʔϩϥଠཅ͔Βͷϝοηʔδʡɼࢁͱܢ
୩ࣾ, (1999)ɽ

(2) Ken’ichi Fujiki, Haruichi Washimi, Keiji Hayashi, Gary
P. Zank, Munetoshi Tokumaru, Takashi Tanaka, Vladimir
Florinski and Yuki Kubo, “MHD Analysis of the Velocity
Oscillations in the Outer Heliosphere”, Geophysical
Research Letter, Vol. 41(2014), No. 5, pp. 1420–1424.

(3) Carl Störmer, “Preliminary Report on the Result of the
Aurora Borealis Expedition to Bossekop in the Spring of
1913–Third Communication”, Terrestrial Magnetism and
Atmospheric Electricity, Vol. 20(1915), issue 4, pp. 159–
174.

(4) Neal Boyd Brown, Neil Davis, Thomas Hallinan
and Hans Stenbaek-Nielsen, “Altitude of Pulsating
Aurora Determined by a New Instrumental Technique”,
Geophysical Research Letter, Vol. 3(1976), No. 7,
pp. 403–404.

(5) 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 Geophysicae,
Vol. 29(2011), pp. 551–562.

(6) Yukitoshi Nishimura, Jacob Bortnik, Wen Li, Richard
Thome, Larry Lyons, Vassilis Angelopoulos, Stephen
Mende, John Bonnell, Olivier Le Contel, Christopher
Cully, Robert Ergun and Hans-Ulrich Auster: “Identifying
the Driver of Pulsating Aurora”, Science, Vol. 330 (2010),
pp. 81–84.

(7) ஛಺জ,౻Ҫࢁ,ޫߒԼ३,ాதਖ਼ߦ,ยԬཾๆ,޷ࡾ
༝७, Ԟ෋ ਖ਼හ, ᕆؒ Ұ, ͍༺εςϨΦΧϝϥΛ؟ڕ“
ͨશఱप࣌ྻܥը૾͔ΒͷΦʔϩϥ ଌ”,೔ຊܭݩ3࣍
,ցֶձ࿦จूػ (2015), Vol. 82, No. 834, pp. 18–24.

(8) ஛಺জ,౻Ҫࢁ,ޫߒԼ३,ాதਖ਼ߦ,ยԬཾๆ,޷ࡾ
༝७, Ԟ෋ਖ਼හ, ᕆؒҰ, “Φʔϩϥͷ 3 ଌͷͨܭݩ࣍
Ίͷܗঢ়มԽΛྀͨ͠ߟಛ௃఺௥੻”,ୈ 20ճϩϘςΟ
ΫεγϯϙδΞߨԋ༧ूߘ, (2015), pp. 18–24.

(9) Akira Takeuchi, Hiromitsu Fujii, Atsushi Yamashita,
Masayuki Tanaka, Ryuho Kataoka, Yoshizumi Miyoshi,
Masatoshi Okutomi and Hajime Asama, “3D Visual-
ization of Aurora from Optional Viewpoint at Optional
Time”, Proceedings of ACM SIGGRAPH Asia 2015
Posters, (2015), Article No. 9.

(10) ஛಺ জ, ౻Ҫ ,ޫߒ Լࢁ ३, ాத ਖ਼ߦ, ยԬ ཾๆ, ࡾ
,༝७޷ Ԟ෋ਖ਼හ, ᕆؒҰ, “3 ஍఺؟ڕը૾ʹΑΔಛ
௃఺ͷݕޡग़আڈΛ༻͍ͨΦʔϩϥͷ 3 εςϨݩ࣍
Φܭଌ”,ୈ 21ճϩϘςΟΫεγϯϙδΞߨԋ༧ूߘ,
(2016), pp. 332–337.
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