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3D measurement and visualization of aurora considering generation principle
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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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෦ͱ্෦ɼً࠷෦Λநग़͢Δɽͦͯ͠ࠨΧϝϥը૾

্ͷΦʔϩϥͷً࠷෦͔Β 1நग़͠ɼ͜ͷΛ௨Δ
࣓ؾઢपลͷྖҬΛΦʔϩϥͷԼ͔Β্·Ͱ

Γൈ͖ςϯϓϨʔτͱ͢Δɽ࣍ʹӈΧϝϥը૾ʹ͓͍

ͯɼࠨΧϝϥը૾த͔ΒબΜًͩ࠷෦Λ௨ΔΤϐϙʔ

ϥઢ্ʹ୳ྖࡧҬΛઃఆ͢Δɽ୳ྖࡧҬ͔Β 1நग़
͠ɼςϯϓϨʔτͱಉ༷ʹ࣓ؾઢपลͷྖҬΛΓ

ൈ͖ɼ͜ΕΛධՁྖҬͱ͢Δɽ͜ͷͱ͖ςϯϓϨʔτ

ͱධՁྖҬؒʹɼϒϩοΫࣗମͷܗঢ়ͷҧ͍ඃࣸ

ମͷม͕ܗଘ͢ࡏΔɽͦͷͨΊྨࣅͷධՁͷલʹͦ

ΕΒΛิਖ਼͢Δඞཁ͕͋ΔɽϒϩοΫͷิਖ਼ʹؔͯ͠

 3.3.2߲ʹͯड़Δɽͳ͓ςϯϓϨʔτͱධՁྖҬ
ͷྨࣅɼًมԽʹ݈ؤͳਖ਼نԽ૬ޓ૬ؔʢZero-
mean Normalized Cross-Correlation: ZNCCʣʹΑͬͯ
ධՁ͢Δɽ

ςϯϓϨʔτධՁྖҬΛܾఆ͢ΔͨΊʹྨࣅΛ

ධՁ͢Δ࣓ؾઢ্ʹઃఆͨ͠࠷ॳͷ 1 ΛͦΕͧ
ΕͷදͱݺͿ͜ͱͱ͢ΔɽςϯϓϨʔτͷද

ඪΛ࠲ (ut ,vt)ɼධՁྖҬͷද࠲ඪΛ (ui,vt)ͱ͢

ΔɽӈΧϝϥը૾ͷ୳ྖࡧҬ umin ≤ ui ≤ umax ʹ͓͍

ͯɼදΛҠಈͤ͞ͳ͕ΒஞҰϒϩοΫΛิਖ਼͠ς

ϯϓϨʔτͱͷྨࣅRuiv j ΛධՁ͢Δɽͦͯ͠࠷ς

ϯϓϨʔτͱͷྨࣅͷ͍ߴධՁྖҬΛɼςϯϓϨʔ

τʹରԠ͢ΔϒϩοΫͱ͢ΔɽҎ্ΑΓɼରԠ͢Δϒ

ϩοΫͷද࠲ඪ (ur,vr)ҎԼͷࣜ (2)ʹΑܾͬͯ
ఆ͞ΕΔɽ

(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

ur = arg max
umin≤ui≤umax

Ruivt

vr = vt .
(2)

ࣜ (2) ʹΑͬͯࢉग़͞Εͨ࠲ඪ (ur,vr) Λ௨Δ࣓

ઢͱͳΔɽ·ͨӈΧϝؾରԠ͢Δ࣓ʹ͍ޓઢ͕ɼؾ

ϥը૾ͷ୳ྖࡧҬͷൣғ umin ≤ ui ≤ umax ʹ͍ͭͯ

ड़͢Δɽޙͯʹ3.3.3߲
3·3·2 ϚονϯάͷͨΊͷϒϩοΫͷิਖ਼ ຊݚ

ӈըࠨԽ͍ͯ͠ΔͨΊɼߦӈͷΧϝϥΛฏࠨͰɼڀ

૾্ʹ͓͚Δ࣓ؾͷফࣦͷ࠲ඪ͍͠ɽҰํͰ

ඪ࠲ΔͨΊɼରԠͷ͕͋ࠩࢹӈͷΧϝϥʹࠨ u
ҟͳΔɽͦͷͨΊɼը૾ؒʹ͓͍ͯରԠ͢Δʹํ࣠

ಉҰͷ࣓ؾઢͷ͕͖ҟͳΔɽࠨӈΧϝϥը૾ʹ͓

͚Δ࣓ؾઢͷؔΛਤ 7ʹࣔ͢ɽ·࣓ͨؾઢͷू
߹͔ΒͳΔΦʔϩϥͷҰ෦ΛϒϩοΫͱͯ͠Γऔͬ

ɼը૾αΠζʹରͯ͠ϒϩοΫ͕খ͍͞ͳΒϒࡍͨ

ϩοΫฏ໘ΛΓൈ͍͍ͯΔͱۙࣅͰ͖Δɽ͜ͷͱ

͖ɼࠨӈͷϒϩοΫࣹӨมͷؔͱͳΔͨΊɼς

ϯϓϨʔτϚονϯάͷࡍʹมܗΛิਖ਼͢Δඞཁ͕

͋Δɽ

ը૾͔ΒΓऔͬͨϒϩοΫྖҬʹଘ͢ࡏΔ࣓ؾ

ઢͷ͖શͯҟͳΔ͕ɼϒϩοΫαΠζ͕খ͍͞

߹ʹɼϒϩοΫͷ࣓ؾઢ΄΅ฏߦͱΈͳͤΔɽ



(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

ΑͬͯɼࠨӈͷϒϩοΫؒͷࣹӨมͷؔΛɼͤΜ

அͷΈͷΞϑΟϯมܗͷؔͱۙิ͠ࣅਖ਼͢Δɽ

ΞϑΟϯมʹΑΔϒϩοΫͷิਖ਼ʹ͍ͭͯਤ 8ʹ
ࣔ͢ɽਤ 8(a)ʹิਖ਼લͷࠨӈͷϒϩοΫͷؔΛɼਤ
8(b)ʹิਖ਼ޙͷࠨӈͷϒϩοΫͷؔΛ͍ࣔͯ͠Δɽ
੨৭ͷઢ͕ϒϩοΫͷத৺Λ௨Δ࣓ؾઢɼࠇ৭ͷഁ

ઢ͕ v࣠ʹฏߦͳઢΛද͍ͯ͠Δɽ·ͨӈϒϩοΫͷ
ਤʹ͓͍ͯɼࠇઢมલͷϒϩοΫܗঢ়ɼઢม

ঢ়Λද͍ͯ͠ΔɽਤܗͷϒϩοΫޙ 8(a)ʹࣔ͢Α͏
ʹɼิਖ਼લͷࠨӈͷϒϩοΫͰத৺Λ௨Δ࣓ؾͷ

͘͠ͳΔΑ͏ɼ͕͖ͷؾҟͳΔɽ͜ͷ࣓͕͖

ӈϒϩοΫʹରͯ͠ΞϑΟϯมΛ͏ߦɽมલʹ͓

͍ͯɼࠨϒϩοΫΛ௨Δ࣓ؾͷ͖Λ αɼӈϒϩο
ΫΛ௨Δ࣓ؾͷ͖Λ β ͱ͢Δͱ͖ɼӈϒϩοΫʹ
ରͯ͠ β −α ɽ͏ߦॲཧΛܗΑ͏ʹͤΜஅม͚ͩ͘
ਤ 8(b)ʹࣔ͢Α͏ʹɼ͜ͷॲཧʹΑͬͯࠨӈͷϒϩο
Ϋͷத৺Λ௨Δ࣓ؾઢͷ͖͘͠ͳΔɽҎ্ͷ

ॲཧʹΑͬͯɼࠨӈͷϒϩοΫʹ͓͍ࣹͯӨมʹΑ

ΔςΫενϟͷࠩҟ͕ิਖ਼͞Εɼ·ͨϒϩοΫಉ͕࢜

ಉҰܗঢ়ͱͳΔͨΊɼϒϩοΫϚονϯάʹΑͬͯਖ਼

֬ͳྨࣅͷධՁ͕ՄͱͳΔɽ

3·3·3 ୳ൣࡧғͷݶఆ Φʔϩϥը૾ྨ͠ࣅ

ͨςΫενϟ͕ඇৗʹଟ͍ͨΊɼ୳ൣࡧғΛ੍ͣͤݶ

ʹରԠ͢Δ࣓ؾઢΛݕग़ͨ͠߹ɼޡରԠ͢ΔՄ

ੑ͕૿Ճ͢Δɽͦ͜Ͱɼ3ۭؒݩ࣍ʹ͓͚ΔΦʔϩϥ
ൣࡧΛ༻͍ͯ୳ݟʹؔ͢Δཧతߴࡏ෦ͷଘً࠷

ғΛ੍͢ݶΔɽղ໌͞Ε͍ͯΔཧత͔ݟΒɼΦʔ

ϩϥͷछྨ৭ʹΑͬͯΦʔϩϥͷً࠷෦ߴͷൣғ

Λ੍͢ݶΔ͜ͱ͕ՄͰ͋Δɽ

(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

ཧతݟΛجʹɼը૾্ͷΦʔϩϥͷछྨ৭͔

Βً࠷෦ͷଘߴࡏ hΛ hmin ≤ h ≤ hmax ͱͨ͠ͱ͖ɼ

ඪ࠲ը૾தͷςϯϓϨʔτͷࠨ (uL,vL)ɼΧϝϥؒͷ

ڑ dΛ༻͍ͯҎԼͷࣜ (3)ͷΑ͏ʹ୳ൣࡧғ͕ݶఆ
͞ΕΔɽ

uL −
f d

hmin
≤ u ≤ uL −

f d
hmax

. (3)

ࣜ (3)Λ༻͍ͯධՁྖҬͷ୳ൣࡧғΛ੍͢ݶΔ͜ͱ
ʹΑΓɼޡରԠͷݮগɼ୳ؒ࣌ࡧͷ͕ݮՄͱͳΔɽ

3·4 ԽࢹՄݩ࣍3 ग़ͨ͠ରԠΛ༻͍ͯΦʔݕ

ϩϥͷ Խ͢Δख๏ʹ͍ͭͯड़Δɽࢹঢ়ΛՄܗݩ࣍3
ग़ख๏ʹΑΓɼີݕใΛ༻͍ͨରԠؾͷ࣓ه্

ͳରԠ͕܈औಘͰ͖ΔɽશͯͷରԠʹର͠ɼ֯ࡾ

ଌྔͷݪཧΛ༻͍ͯ ग़ͨ͠ࢉग़͢ΔɽࢉඪΛ࠲ݩ࣍3
NURBSʹ܈ඪʹରԠΛϓϩοτ͠ɼରԠ࠲ݩ࣍3
໘ΛϑΟοςΟϯάͤ͞Δ͜ͱͰΦʔϩϥͷۂ ݩ࣍3
ͷϑΟοςΟ܈໘ͷۂԽ͢ΔɽNURBSࢹঢ়ΛՄܗ
ϯάख๏ BalzerΒͷख๏(13)Λ༻͢Δɽ

4. ࣮ ݧ ݁ Ռ

ຊڀݚͰɼ2ͷ؟ڕΧϝϥΛ্͔Βఱํ
ઃஔ͠ɼऔಘͨ͠ը૾Λ༻͍ͨɽ2ͷΧϝ͚ͯʹ
ϥ͍ͣΕΞϝϦΧ߹ऺࠃΞϥεΧभϑΣΞόϯΫ

εʹઃஔ͠ɼࠁ࣌ͷಉظΛͱΓ 10ඵִؒͰಉࡱʹ࣌
Ө͠ଓ͚ͨɽ༻ͨ͠Χϝϥͷ֎؍ͱɼઃஔॴΛਤ



(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
2 ͷΧϝϥͷ͏ͪଆʹઃஔͨ͠ͷΛࠨΧϝϥɼ
ೆଆʹઃஔͨ͠ͷΛӈΧϝϥͱݺͿ͜ͱͱ͢Δɽ

Χϝϥʹ GPSϞδϡʔϧΛऔΓ͚ͯ͋Γɼઃ
ஔॴͷҢɾܦɾߴͷҐஔใΛऔಘ͢Δ͜ͱ

͕Ͱ͖Δɽ2ͷΧϝϥͷҐஔใΛද 1ʹࣔ͢ɽද
1ͷҐஔใ͔ΒɼΧϝϥؒڑ 8.1 kmͱࢉग़͞
Εͨɽ

4·1 ೖྗը૾ͷฏߦԽ ຊڀݚͰ 2ͷ؟ڕ
ΧϝϥͰಉࡱʹࠁ࣌Өͨ͠ը૾ରΛೖྗͱ͢Δɽೖྗ

ը૾ରΛਤ 10(a)ɼਤ 10(b)ʹࣔ͢ɽਤ 10(a)ɼਤ 10(b)
ͦΕͧΕࠨΧϝϥɼӈΧϝϥʹΑͬͯࡱӨͨ͠Φʔ

ϩϥը૾Λࣔ͢ɽ

ຊڀݚͰཱମࣹ֯ӨํࣜͷϨϯζΛ༻ͨͨ͠

Ίɼཱମࣹ֯ӨํࣜͷϨϯζࣜʹ͍ͯͮجೖྗը૾

͔Β؟ڕϨϯζʹΑΔΈΛআ͠ڈɼࠨΧϝϥը૾ͱ

ӈΧϝϥը૾͕ฏߦεςϨΦը૾ରͱͳΔΑ͏ը૾Λ

มͨ͠ɽ͜ͷͱ͖ɼը૾த৺͔Βͷڑ͕େ͖͍ྖ

ҬಛʹΈ͕େ͖͘ɼϨϯζͷϞσϧ͔ࣜΒेʹ

ΈΛআڈͰ͖ͳ͍ͨΊɼը֯ 140◦ͷൣғͷΈΛ༻
ͨ͠ɽΈΛআ͠ڈɼฏߦεςϨΦը૾ରͱม͠

(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)
ͦΕͧΕࠨΧϝϥɼӈΧϝϥͷը૾Ͱ͋Γɼ͍ͣΕ

ը૾ͷԣ࣠ͱॎ͕࣠ͦΕͧΕਤ 9(c)த X ࣠ͱ Y ࣠
ʹฏߦͱͳ͍ͬͯΔɽ

4·2 ࣓ؾใΛ༻͍ͨରԠݕग़ ද 1ʹࣔ
͢ΧϝϥͷҐஔใͱ IGRFϞσϧ͔Βɼ֤Χϝϥͷ
Ґஔʹ͓͚Δ࣓ؾͷภ֯ͱ෬֯Λࢉग़ͨ͠ɽ֤Χϝ

ϥҐஔʹ͓͚Δ࣓ؾใΛද 2ʹࣔ͢ɽද 2ʹࣔ͢
௨Γɼ֤ΧϝϥҐஔʹ͓͚Δ࣓ؾ΄΅ฏߦͰ͋Δ

ͨΊɼ࠲ඪܥͷݪͰ͋ΔࠨΧϝϥͷ࣓ؾใΛ

༻ͨ͠ɽ

ैདྷख๏(7)ʹΑΔରԠݕग़ͷ݁ՌΛਤ 11(a)ͱਤ
11(b)ʹɼ࣓ؾใΛ༻͍ͨఏҊख๏ʹΑΔରԠ
ग़ͷ݁ՌΛਤݕ 11(c)ͱਤ 11(d)ʹࣔ͢ɽݕग़ͨ͠ର
ԠΛਤ 11தʹ͍Ͱϓϩοτͨ͠ɽͳ͓ຊ࣮ݧ
Ͱ৭ͷΦʔϩϥً࠷෦ߴʹؔ͢Δཧతͳݟ
Λߴ෦ͷً࠷ɼ͖ͮجʹ(12) 105ʙ 115 kmͱͯ͠୳
ɽͨ͠ݶғΛ੍ൣࡧ



(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

ը૾͔ؒΒैདྷख๏ʹΑͬͯݕग़͞ΕͨରԠ

ग़͞ݕͰ͋ͬͨͷʹର͠ɼఏҊख๏ʹΑͬͯݸ7,937
ΕͨରԠ Ͱ͋ͬͨɽਤݸ129,981 11(a)ɼਤ 11(b)
͔Βɼैདྷख๏ͰΦʔϩϥͷଘ͢ࡏΔྖҬ͔Βૄʹ

ରԠ͕ݕग़͞Ε͓ͯΓɼಛʹςΫενϟͷมԽͷগ

ͳ͍ྖҬʹ͓͍ͯରԠΛݕग़͢Δ͜ͱࠔͰ͋Δ

͜ͱ͕֬ೝͰ͖ΔɽҰํͰɼਤ 11(c)ɼਤ 11(d)͔Βɼ
ఏҊख๏ͰΦʔϩϥྖҬͷશҬ͔ΒີʹରԠΛݕ

ग़ՄͰ͋Δ͜ͱ͕֬ೝͰ͖ͨɽ

ଌ݁ܭΛ֬ೝ͠ɼߴग़ͨ͠ରԠͷݕɼʹ࣍

ՌͱཧతͳݟΛൺֱɼධՁͨ͠ɽैདྷख๏ʹΑΓ

Λਤߴग़ͨ͠ରԠͷݕ 12(a)ʹɼఏҊख๏ʹ
ΑΓݕग़ͨ͠ରԠͷߴΛਤ 12(b)ʹࣔ͢ɽਤ
͍ͣΕਤ 11(a)ͱਤ 11(c)ʹ͓͍ͯରԠ͕ݕग़
͞Ε͍ͯΔΦʔϩϥྖҬΛΓग़ͨ͠ͷͰ͋Δɽਤ

12தʹϓϩοτͯ͋͠ΔରԠͷ৭ߴʹΑͬͯม
Խͤͨ͞ɽཧతͳݟͰɼຊ࣮ݧͰ༻ͨ͠ը૾

தͷΦʔϩϥߴ 100 kmʙ180 kmͷൣғʹଘ͢ࡏ
Δͱ͑ߟΒΕ͍ͯΔ(12)ɽͦ͜Ͱ 90 kmΛ੨ɼ200 km
Λͱͯͦ͠ͷؒͷߴͷ৭Λ࿈ଓతʹมԽͤ͞ɼଘ

ൣғ֎Ͱ͋Δߴࡏ 90 kmະຬͷΛനɼ200 kmΑ
Γ͍ߴΛࠇͰදࣔͨ͠ɽ·ͨɼ࣓ؾใ͔Βࢉग़

͞ΕΔফࣦΛਤ 12(a)ɼਤ 12(b)ͷ্෦ʹ͘ϓϩο
τͨ͠ɽ

Φʔϩϥܗঢ়͕ਖ਼֬ʹܭଌ͞Εͨ߹ɼରԠͷߴ

ΦʔϩϥྖҬͷશҬʹ͓͍ͯଘߴࡏͷൣғͰ

͏͔ͷফࣦؾΒ͔ʹมԽ͠ɼԼ෦͔Β࣓

ͳΔͱ༧͞ΕΔɽ͔͠͠ਤ͘ߴ͕ߴ͚͔ͯʹํ

12(a)ʹࣔ͢௨Γɼैདྷख๏ͷ݁Ռʹଘߴࡏ֎ͷ
ରԠ͕ඇৗʹଟ͘ɼߴͷΒ͔ͳมԽԼ͔Β

࣓ؾͷফࣦʹߴ͔͕ͯͬ૿Ճ͢Δ֬ೝ

Ͱ͖ͳ͍ɽҰํɼఏҊख๏ͷ݁Ռɼ্هͷཧతͳ

ͮ͘جʹݟ༧Λຬ͍ͨͯ͠Δ͜ͱ͕֬ೝͰ͖Δɽ

Ҏ্͔ΒɼΑΓີͰਖ਼֬ͳରԠݕग़͕࣮͞ݱΕͨͱ

ΒΕΔɽ͑ߟ

(a) Detected corresponding
points put on 3D space

(b) NURBS surface fitted
to corresponding points

Fig. 13 3D visualization results of the aurora’s shape
by fitting NURBS surface to the detected
corresponding points

4·3 ԽࢹՄݩ࣍3 ग़ͨ͠શͯͷରԠΛݕ ࣍3
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Fig. 14 Change of aurora’s 3D shape with time progress
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