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Abstract

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 to measure three-dimensional shape of
auroa by using only two fish-eye cameras is proposed. Two fish-eye cameras were installed at Fairbanks, Alaska, U.S.A
to get the time series images of aurora. The images photographed by the cameras are performed calibration by using the
star to estimate the camera attitude. The dense feature points are detected from the images of aurora by using template
matching though the image of aurora has few characteristic pattern. 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 measured and visualized.

Key words : Aurora 3D-Measurement, Fish-eye stereo camera, Whole-sky image, Template matching, Feature point
tracking
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Fig. 1 Image pair for stereo measurement
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Fig. 2 Flow chart of the proposal method
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(a) Original image (b) Foreground image

Fig. 5 Background subtraction
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Fig. 6 Tracking method of the feature point
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(a) Outward appearance of fisheye (b) Inside of fisheye camera system
camera system

Fig. 7 Fisheye camera system Fig. 8 The place where the cameras were
installed
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(a) Original image of left (b) Original image of (a) Image plotted feature (b) Image plotted feature

camera right camera points of left camera points of right camera

(c) Converted image of (d) Converted image of () Image of left camera (d) Image of right camera

left camera right camera after feature point track- after feature point track-
ing ing

Fig. 9 Image conversion Fig. 10 Results of feature point detection and tracking

TR & X 10(c), M 10(d) IR TRLT WA,

TYTU = Yy F UL BHRBAGEOEROMEAE R L X E K 1112537, K 11), K11(0b) iZZzhz
NFRFEACEERRET, JBMEROEBRTH L. 72K 11(a), B 11(b) HOEENUMDEHT ZHK U 72K 11(c), K
11(d) TH5. M1le), H11d) HDOFNTay hE2RE, A—BIDTIAF ¥ 2MRTELLSZLZEDOH
X 11(e), M 11(f) THD. ZhozKT DL, REFF@EICLDA—0 T DEMADRL, B 1), B 110+
THREEDFEL L TWBED DAL 11(c), B 11d) IZBWTHLIBRHEINTE D, ZORE WIS TIHENZ
MTTETVWBE I DR TE 5.

342 SIFT ¥ v F v 7IC & 245 BHTER

SIFT ¥ v F ¥ 712 X 2R UBIMER 2 X 12 127R9. K 12() 127> 7L — by F U7 k> TR VR
Mot DEHED S B, SIFTIZ K> CEIFATREE HIM X ND HEFRVAIC K> TR UEZKTH S, £72¥ 12(b)
ik, B 12(a) DEFEE SIFT 12 & > TGEM U 28RO, FE 41 0BT 82 EAOEATRLTVWS. X 12(0),
B 12(d) XX 12(a), X 12(b) HDOETOBFEWHAZIEALZKTH S, K 12(e), X 12(H) XX 12(c), X 12(d) »*
578y NENEZRERWEKTHS. 2o 2 RERSE 2, X 12(c) DFWMEA R OB 12(f) thTldfEw
TWwW5Z tﬁﬁafié TR DM E DD D > THM 12(c) FDORVFAER X N 12(d) hTHBL oy
FENTWS. & D IRDEHEEZL U CHIAML U - T 2 BT & 5 Z L DR S 7.

35 A—0O50 3 RTEHAER

&ﬁm,ﬁﬂﬁm@%m%M’Bféx%Vﬁ Bz LTy T — b F T, SIFT Yy F U7 a2H
WS, B RIS T8 IC ko THERI AT ERET 3 2 7L — A THWIHNIGT 2R EAR%2155. *
No ORHHREN S, MIRL VXX BEAZID FRSBICHIR U 7zl & 4 — 1 J OFE U2 & hy[km] A
5 hy[km] DEIFASNT B B EEGEE A NE L UTHREL ., KEBRICHER L ZBEHRTO A — 0 S 13kBaTh B0,
Kataoka & (Kataoka et al., 2013) IZ & D #RE SN T WA kE A —1 5 OEFEHFEH S, hy =50, hy =200 & L7z,
ANERREZ DR A Z W TA—1 7O 3 Rk 2 b U 726531 2 X 13 129, B 13(a), X 13(b) A3
At ZB A —u 2 zhzThil Eo s J B2, fiihs»s R R-zMekoTwad. £72, X 13(d), X 13(e)
IR A 2B T 2 A —n T2 znThi oo /A EF72K, filE»s RZME2RLTWS. K 13(c), X 13(f)
WEENTNRL] 1, WZ t+Ar OSBRI NURBS HiH 2 7 4y 7«4 7 S afifbL, A—a 50 EERLS BT
Hb. INSDOFRIZB I BZROEMMEEDL S, Hid 57 L —ABTA—B I ORRMEGEIZE{LL TV



Fig. 11

(a) Image before feature
point tracking by tem-
plate matching

(c) Enlarged image be-
fore feature point track-
ing by template matching

(e) Background of en-
larged Image before fea-
ture point tracking by
template matching

matching

(b) Image after feature
point tracking by tem-
plate matching

(d) Enlarged image after
feature point tracking by
template matching

(f) Background of en-
larged Image after feature
point tracking by tem-
plate matching

Tendency of feature point tracking by using template

(a) Image before feature
point tracking by SIFT

(c) Enlarged image be-
fore feature point track-
ing by SIFT

(e) Background of en-
larged image before fea-
ture point tracking by
SIFT

(b) Image after feature
point tracking by SIFT

(d) Enlarged image after
feature point tracking by
SIFT

(f) Background of en-
larged image after feature
point tracking by SIFT

Fig. 12 Tendency of feature point tracking by using SIFT
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(a) Aurora shape at time ¢ as seen from (b) Aurora shape at time ¢ as seen from (c) Aurora shape at time ¢ visualized by using

the ground the side NURBS
(d) Aurora shape at time r+At as seen (e) Aurora shape at time r+Af as seen (f) Aurora shape at time +At visualized by using
from the ground from the side NURBS

Fig. 13 3D-shape of aurora

Table 1 The ratio of the detected feature points to the aurora area

Time | The number of the pixels The number of feature points The number of feature points
in the aurora area detected by the proposed method detected by only SIFT
t 159,549 27,147 1,048
(17.01 %) (0.66 %)
t+At 136,540 31,479 1,078
(23.05 %) (0.79 %)
H2At 167,812 32,486 1,242
(19.36 %) (0.74 %)
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(a) Detected feature
points in the left camera’s
image by only SIFT at
time ¢

(¢) Detected feature
points in the left camera’s
image by  proposed
Method at time ¢

(b) Detected feature
points in the right
camera’s image by only
SIFT at time ¢

(d) Detected feature
points in the right cam-
era’s image by proposed
Method at time ¢

(a) Detected feature
points in a certain area of
left camera’s image by
only SIFT at time 42

(¢) Detected feature
points in a certain area of
left camera’s image by
proposed Method at time
t+2

(b) Detected feature
points in a certain area of
right camera’s image by
only SIFT at time +2

(d) Detected feature
points in a certain area of
right camera’s image by
proposed Method at time
=2

Fig. 14 Comparision of the number of the detected feature

pOiIltS Flg. 15

Comparision of the accuracy of the detected feature
points

Table 2 Accuracy of the detected feature points in a certain area

Proposed method | Only SIFT
The number of all feature points 1,629 96
The number of accurate feature points 1,419 21
Accuracy 872 % 21.8 %
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< Viewpoint from the ground>  <Viewpoint from the side> < Aurora 3D shape by using NURBS >

Ar —t

t+At -

t+2At 1

Time

Fig. 16 Shape change of the aurora by the time progress

(a) The actual aurora image after eliminating  (b) The reconstructed aurora image by NURBS

distortion by fish-eye lens reprojected on the two dimensional image

Fig. 17 Comparison between the shape of actual aurora on the actual image after eliminating distortion by fish-eye
lens and the shape of aurora reconstructed by NURBS on the two dimensional projection image
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