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研究成果の概要（和文）：本研究ではは国際宇宙ステーション船内からのデジタルカメラによる超高層大気の広
視野・超高解像度撮影について、試験的観測を実施するとともに、科学目的でない画像の科学的な利用のための
解析手法の開発を行った。これらの開発によって、大気光とオーロラについて、他の観測では得られない広い視
野と高い解像度を持つ観測手法の確立とデータ利用環境の整備が行われた。

研究成果の概要（英文）：Imaging observations of the upper atmosphere with wide field-of-view and 
high resolution was carried out from the International Space Station using digital single lens 
reflex camera. The observational and analysis techniques was developed to utilize the non-scientific
 imaging data for the scientific researches of the airglow and the aurora.

研究分野： 超高層大気物理学

キーワード： 大気光　オーロラ　国際宇宙ステーション　電離圏　熱圏　中間圏　撮像観測
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１．研究開始当初の背景	

高度80kmから300kmの超高層大気領域

では、大気重力波や、オーロラなどのよ

うに、空間スケール 1,000km 以下の構造

の果たす役割が重要かつ未解明であり、

これらの構造の時間変化と空間変化を捉

えるために、イメージャによる撮像観測

が行われている。しかし、地上からの観

測では、天候、月齢、陸地分布の制限が

大きく、海上を含む広範囲な観測は不可

能であり、衛星による宇宙空間からの観

測が不可欠である。しかし、超高層大気

撮像を目的として運用されている機器は、

現 在 、 国 際 宇 宙 ス テ ー シ ョ ン

(International	Space	Station:	ISS)搭

載 ISS-IMA や DMSP 衛星搭載 SSUSI など、

限られたもののみとなっており、新しい

撮像観測手法の開発が重要であった。	

	

２．研究の目的	

	 国際宇宙ステーションからのデジタル

カメラによる超高層大気の広視野・超高解

像度撮影について、試験的観測を実施する

とともに、科学目的でない画像の科学的な

利用のための解析手法の開発を行った。こ

れらの開発によって、大気光とオーロラに

ついて、他の観測では得られない広い視野

と高い解像度を持つ観測手法の確立とデ

ータ利用環境の整備を目的とした。また、

宇宙ステーションというプラットフォー

ムの長所を生かした将来の観測提案を作

成する事も目的とした。	

	

３．研究の方法	

	 本研究では、国際宇宙ステーションか

らのデジタルカメラによる超高層大気の

広視野・超高解像度撮影に関する観測手

法と解析手法の開発のために、次の４項

目の研究を実施した：観測手法の開発・

試験撮像観測の実施、解析手法の開発・

データベースの作成、地上校正実験・地

上からの観測の実施、将来観測計画の立

案。	
	

４．研究成果	

	 本研究では、図 1 に示したような ISS

からの宇宙飛行士による撮影画像に注目

し、この撮影画像を科学目的に活用する

ための、観測手法と解析手法の開発を行

った。宇宙飛行士によるデジタルカメラ

を用いた撮影は、広い視野と高い空間分

解能、という長所を持つが、科学目的の

観測ではないため、(1)姿勢と視野の情報

の不備、(2)輝度情報の不備、(3)分光が

されていない、という問題点がある。	

	

図 1.	国際宇宙ステーションからのデジタ
ルカメラによる超高層大気の広視野・超高
解像度撮影の例	[Hozumi	et	al.,	2016]	

	
	

	 2014年5月28日、7月3日、7月25日、8月

26日、10月24日、2015年2月16日、8月8日

の7回に渡り、国際宇宙ステーションから

の超高層大気の広視野・超高解像度での試

験 撮 像 観 測 を 実 施 し た 。 こ れ は

Astronaut-Ionosphere,	 Mesosphere,	

upper	 Atomosphere	 and	 Plasmasphere	

mapping(A-IMAP)キャンペーンとして宇宙

航空研究開発機構の協力を得て行われた。

この観測では、地上からの大気光観測デー

タ、デジタルカメラの特性、国際宇宙ステ

ーションでの運用の制限などを考慮し、超

高層大気撮像に最適な露出時間、感度、視

野方向、運用方法、月齢などの外部条件な

どを検討して、実施された。国際宇宙ステ

ーションが夜部分に入った時に観測が実

施され、条件によって1パスあるいは2パス

連続での撮影が行われた。図1に示したの

は2014年8月26日13:47:00UTの撮影画像で

ある。この時はデジタルカメラとしては

Nikon	D3s、レンズはAI	AF-s	Zoom-Nikkor	

17–35	mm	f/2.8D	IF-EDを用い、2.5秒の露

出時間で、11秒間に4枚の撮像を行った。

露出時間以上の時間間隔が開いているの

はメモリへの書き込み時間などのためで

ある。ISO速度は102,400で、解像度は4256

ピクセル×2382ピクセルであった。2015年

2月以降の観測ではカメラとしてはNikon	

D4が使用された。	
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Following the formulation of Brown (1971), we assume 
the radial distortion of the lens is given by

where r is the distance from the center of the image in 
units of pixel, and k1 and k2 are coefficients of the radial 
distortion. With these equations, we can convert the city 
light positions in the world coordinates to projection 
points on the image.

The camera location was assumed to be the same as the 
ISS location. Although the location of the ISS is known 
as a function of time, the times at which the photographs 
are taken are not precise. The time when the photograph 
was captured was recorded in the metadata of the image 
file in the exchangeable image file format. However, the 
clock of the camera is not accurate and has a time lag 
with respect to Universal Time (UT) because the clock 
was set by hand. It is necessary to determine the time lag 
so as to obtain the exact location of the camera. Because 
the orientation of the ISS is also known as a function of 
time, the orientation of the camera can be expressed in 
terms of its orientation relative to the ISS. Therefore, the 
unknown parameters are the time lag, orientation of the 
camera relative to the ISS, AOV, and the coefficients of 
lens distortion k1 and k2.

The correct set of these imaging parameters was deter-
mined by applying the imaging model described above. 
Once the set of parameters is assumed, the actual city 
light location can be converted to a position on the pho-
tograph using Eqs.  (1–6). To evaluate the correctness 
of the assumed parameters, the mean distance between 
the city light positions on the photograph and projected 
positions were calculated. This process was iterated over 
the parameter space to determine the best set of param-
eters that minimizes the mean distance.

The total number of unknown parameters is seven, i.e., 
one for the time lag, three for the orientation, one for 
the AOV, and two for the lens distortion. Each city light 
position on the two-dimensional plane of a photograph 
provides two restrict conditions. Therefore, at least four 
city light positions are necessary for the calibration. Prac-
tically, more than four city light positions are used to 
determine the parameters with improved accuracy.

Results and discussion
Calibration results
We applied the calibration method to the photographs 
from the A-IMAP mission taken on August 26, 2014. 
On the day, the ISS flew on the night side of the Earth at 

(5)ucorrected = u
(

1+ k1r
2
+ k2r

4
)

,

(6)vcorrected = v
(

1+ k1r
2
+ k2r

4
)

,

latitude 21.8° N and longitude 93.2° E over Myanmar at 
13:38 UT and flew out of the night side at latitude 49.2° S 
and longitude 142.5° W over the east of New Zealand at 
14:12 UT. During the night path of the ISS, photographs 
were taken with a DSLR camera (Nikon D3s) and a lens 
(AI AF-s Zoom-Nikkor 17–35  mm f/2.8D IF-ED). Four 
photographs were taken every 11 s with an exposure time 
of 2.5 s. The camera was operated in Manual mode with 
an f-number of 2.8 and ISO speed of 102,400. Each pho-
tograph has 4256 × 2382 pixels. An image of the photo-
graphs is shown in Fig. 1. The observation time recorded 
in the metadata is 13:47:00.08 UT. This photograph is 
hereafter referred to as photograph A. The Earth’s limb 
was captured in the upper part of the image. Above 
the Earth’s limb, two airglow layers are identified. The 
lower layer is caused by emission from the mesopause 
region, and the upper layer is caused by emission from 
the F-region ionosphere. On the Earth’s surface, several 
city lights are seen in the image. City lights of the islands 
of Indonesia in the center of the image and those of the 
northwest coast of Australia on the right side of the image 
are recognized. The green circles indicate city light posi-
tions used for the calibration. The city lights in the mid-
dle and long distance ranges from the ISS were chosen. 
The city lights too close to the ISS had a large apparent 
size on the photograph, leading to a reduction in posi-
tioning accuracy. The positions of the selected city lights 
should be widely distributed in the image to improve 
accuracy of the calibration. Because of the ISS’s motion 
during the exposure time, 2.5  s, the apparent images of 
the city lights are stretched and have line-shape along 
the ISS trajectory as seen in Fig. 1. This effect is appar-
ent for the city lights #1, #2, #5, and #7 in Fig. 1. We used 
the low/near end of the line-shaped image of these city 

Fig. 1 One of the photographs taken on August 26, 2014 (Photo-
graph A). The recorded time is 13:47:00.08 UT. The green circles indi-
cate city light positions used for the calibration. The green numbers 
are corresponding to the red numbers shown in Fig. 2



	 これらのA-IMAP観測画像を用いて解析

手法の開発を行った。上記のように国際宇

宙ステーションからのデジタルカメラに

よる撮像画像は科学目的の観測ではない

ため、その科学的な利用のためには、(1)

姿勢と視野の情報、(2)輝度情報、(3)分光

情報、を推定することが必要である。	

	 (1)	姿勢と視野の情報を推定するため

に、撮影画像中の街明かりの位置を用いた

姿勢・視野・時刻の推定手法を開発した。

撮影時のみにデジタルカメラを国際宇宙

ステーションのキューポラの窓部に設置

されるため、その画像の姿勢・視野は不確

かである。また、カメラ内の時計により時

刻が記録されているがその時計の精度は

高くないため、時刻の推定も必要である。

国際宇宙ステーションの軌道は正確に測

定されているため、その情報を用いて撮影

画像に写っている街明かりの位置を求め

ることで、姿勢・視野・時刻の推定が可能

である。	

	

図 2.	DMSP 衛星による観測によって求めら
れた街明かりの分布画像	[Hozumi	et	al.,	
2016]	

	
	

	 図 1 に示した撮影画像から、緑丸で示し

た 7 点の街明かりを選び、それらと図 2

で示した DMSP 衛星による街明かりの分布

画像との比較を行い、両者の位置の差が最

小となるように撮影パラメータの推定を

行うことで、図 1 の画像を撮影した姿勢・

視野・時刻が決定される。時刻パラメータ

についての結果を図 3に示した。この時刻

パラメータはデジタルカメラの時刻の正

しい時刻との差を示す。-16.5 秒付近で比

較的急峻な極小を取っており、街明かりの

位置の比較から正確に撮影パラメータが

推定できることが明らかになった。多くの

撮影画像において 7 点程度の街明かりを

用いることによって、高い精度での推定が

可能となることがわかった。また、カメラ

位置の変更がない 1 パス内の連続した撮

影においては、姿勢・視野・時刻ずれの変

化は少なく、安定していることが明らかに

なった。	

	

	
図 3.	時刻パラメータに対する画像位置の
差の変化	[Hozumi	et	al.,	2016]	

	
	

	 輝度情報と分光情報を得るために、室内

実験においてデジタルカメラの感度の測

定を行った。デジタルカメラにおいては赤

(R)、緑(G)、青(B)の 3 チャンネルの出力

が記録されている。それらの各波長の入力

光に対する感度を測定することで、特定の

波長に輝線を持つ大気光・オーロラの強度

を推定することができる。	

	

	
図 4.	光の波長に対する RGB チャンネルの
感度	 [Hozumi	et	al.,	2016]	

	
	

	 図 4 に国際宇宙ステーションで用いら

れているものと同型のデジタルカメラ、レ

ンズを用いて行われた室内実験による結

果を示した。大気光・オーロラで光量が多

い輝線である酸素原子による波長
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The pixels with counts more than the average count 
by its standard deviation were removed so as to avoid 
contamination from stars. We calculated the imaging 
parameters from those determined using photograph A 
(Table 1). The limb profile as a function of tangential alti-
tude is plotted in Fig. 5. The error bars indicate the stand-
ard deviation of the averaged 20 pixels. The coordinates 
of the tangential point at 90  km in altitude were 13.1° 
S and 130.3° E in geographical coordinates. The green 

channel was found to have 102 pixels in the range from 0 
to 100 km in the tangential altitude, and the red and blue 
channels were found to have 51 pixels in the same range. 
Therefore, the height resolution for the green channel 
was 1.0 km and those for the red and blue channels were 
2.0 km. The green and red channels had a broad peak in 
the range from 180 to 300 km. The 557.7 and 630-nm OI 
emissions from the F-region ionosphere were consid-
ered to be the cause for the peaks in the green and red 

a b

dc

e f

g

Fig. 3 Parameter dependence of the mean distance. a–g panels show the time lag, θ, ψ, φ, AOV, k1 and k2 dependences, respectively. Each curve has 
a clear minimum peak

Page 7 of 10Hozumi et al. Earth, Planets and Space  (2016) 68:155 

channels, respectively. A previous study showed that the 
630-nm OI airglow emission is in the altitude range of 
180–350 km and the low- and midlatitude regions based 
on data of rockets (Takahashi et  al. 1990) and satellites 
(Adachi et al. 2010). The altitude of the 630-nm emission 
derived from ground-based imaging network with the tri-
angulation technique was reported to be 260 ± 10 km in 
middle latitude (Kubota et al. 2000). The 557.7-nm emis-
sion in the F-region has an intensity that is 30 % of that 
of the 630-nm emission (Khomich et al. 2008). The ver-
tical profiles of the F-region emission obtained from the 
red and green channels of the A-IMAP observation have 
a good agreement with these studies. All of the chan-
nels had a clear peak around an altitude of 90  km. The 
red channel had a peak at an altitude of 86 km. The NaD 
and OH emissions in the mesopause region were possible 
causes for the red channel peak. The green channel had 
a peak at an altitude of 94 km. It was mainly dominated 
by the 557.7-nm OI airglow emission in the mesopause 
region. The NaD and OH airglow would also contribute 
to the green channel profile in this altitude range to some 
extent. The peak altitude of the emissions observed at the 
mesopause altitude had a good agreement with previ-
ous observations by rockets (e.g., Packer 1961; Baker and 
Stair 1988) and satellites (e.g., Liu and Shepherd 2006). 
According to those studies, the typical peak altitudes 
are 95 km for the 557.7-nm OI emission, 90 km for NaD 
emissions, and 86 km for OH airglow. The emission layer 
in the blue channel with a peak latitude of 94 km could 
be attributed to the O2 emission of Herzberg I, II, and III, 

and/or the Chamberlain system (Khomich et  al. 2008). 
The peak altitude of Herzberg I and II and the Chamber-
lain system was reported to be in the altitude range from 
94 to 100 km (López-González et al. 1992). The vertical 
structures of the airglow captured in the three channels 
are consistent with previous studies.

Horizontal airglow structures
We derived the horizontal structure of the Equatorial 
Ionization Anomaly (EIA) of the 630-nm OI emission 
from the red channel of the sequential photographs of 
the A-IMAP campaign and compared it with a simulta-
neous observation of the 630-nm emission by the Vis-
ible and near-Infrared Spectral Imager (VISI), one of the 
instruments of the ISS-IMAP mission.

In order to increase the signal-to-noise ratio and 
reduce the calculation quantity, we compressed the 
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Fig. 4 Sensitivity spectrum of the camera obtained from the labora-
tory experiment. The response of the sensor to monochromatic light 
was examined in 10-nm intervals. The mean raw count per pixel per 
cd/m2 is normalized by divided by the peak mean count of the green 
channel. The wavelengths of the major emission lines are also plotted
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Fig. 5 Limb profiles of the three channels derived from photograph 
A. The coordinates of the tangential point at 90 km were 12.6° S and 
130.5° E. The recoded time is 13:47:00.08 UT. The raw counts of the 
pixels along the vertical line of the image are averaged to 10 pixels 
horizontally so as to increase the signal-to-noise ratio and are plotted 
as a function of tangential altitude. The limb profile has its tangential 
point at 32.3°S and 124.2°E and 90 km in altitude. The error bars show 
the standard deviation of the averaged pixels. The green, red, and blue 
lines indicate the green, red, and blue channels, respectively
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lights, which correspond to the positions of city lights 
at the time of end of exposure time. Figure 2 shows the 
nighttime stable lights map derived from the DMSP-OLS 
data for the year 2013 (2) with the city locations indicated 
by the red circles. We utilized the data for the year 2013 
to identify the city lights positions, ignoring the variation 
between stable lights for the year 2013 and city lights on 
the day August 26, 2014. City light covered by clouds is 
obscurely imaged from the ISS and should not be used 
for the calibration. The coverage of clouds is easily iden-
tified by comparison between A-IMAP photographs and 
DMSP-OLS data.

The calibration method was applied to photograph A. 
The mean distance between the city light position on 
the photograph and projected positions was calculated 
for every node of seven-dimensional parameter space 
with resolutions of 0.1  s for the time lag, 0.01° for the 
Euler angles and AOV, 10−10 for k1, and 10−17 for k2. The 
parameter set minimizing the mean distance is the best 
set. The derived parameters are listed in the first row of 
Table 1. Figure 3 shows the parameter dependence of the 
mean distance. The variation of the mean distance as a 
function of each assumed parameter is calculated, while 
the other parameters are kept to be the best. Because 
each parameter has a smooth curve and a sharp mini-
mum, as shown in Fig. 3, the searching resolution of each 
parameter for the iteration process is valid.

To evaluate the precision and stability of the calibra-
tion method, we applied the method to other five pho-
tographs for different city light conditions. These five 
photographs were taken in the same night path of the ISS 
with 2-min time interval from 13:49 to 13:57 UT using 
the same camera and the same setting as for photograph 
A. Photographing time recorded in the metadata for each 
photograph is presented in Table  1 (photographs B–F). 
During this period, the focal length of the lens was not 
changed and the camera orientation was stable relative 
to the ISS, because the camera was fixed to the ISS. The 
time lag of the camera’s clock could be regarded as sta-
ble with 0.1-s resolution in this 10-min period. Therefore, 
the imaging parameters derived from these five photo-
graphs should be the same as those derived from photo-
graph A. The distance between adjacent photographing 
positions for these six photographs was about 880  km, 
and the cities used in each calibration process were not 
used in the calibrations for the other photographs. The 
calibration result and their standard deviation are pre-
sented in Table 1. The time lag was estimated in the range 
from −15.5 to −16.3 s with a standard deviation of 0.3 s. 
The camera position along the ISS orbit was derived 
from the time lag. A standard deviation of 0.3 s was cor-
responding to 2.2  km in the horizontal distance along 
the ISS trajectory, considering the ISS speed of 7.4 km/s. 
Therefore, the calibration precision for the camera posi-
tion was ±2.2 km. The standard deviations of the derived 
Euler angles θ, σ, and ϕ for the orientation of the camera 
were determined with a standard deviations within 0.08°, 
yielding a 2.9-km difference in the plane perpendicular to 
the line of sight (LOS) at the tangential point of 90 km in 
altitude. The 2.9  km distance was the calibration preci-
sion for the determination of the altitude profiles of the 
airglow on the limb. The AOV was derived in the range 
from 90.53° to 91.93°. The distortion coefficients k1 and 
k2 were estimated in the ranges from −4.26 × 10−8 to 
−0.97 × 10−8 and from −0.26 × 10−15 to 10.55 × 10−15 , 
respectively. The AOV, k1, and k2 are not independ-
ent parameters. They are related to each other, and they 
determine the FOV and its distortion. To evaluate their 
combined expression, we calculated the angle between 
the LOS of the pixel at the center of image and that of 
the pixel with a distance of 1500 pixel from the center. 
We denote this angle by α, and the derived values of α are 
listed on the rightmost column of Table  1. The derived 
values of α were in the range from 36.71° to 36.99° with 
a standard deviation of 0.12°. The calibration precision 
for the FOV was ±0.12°. The calibration errors would be 
mainly attributed to the errors in determination of city 
light position on the photograph. Because each city light 
has a finite size on the photographs, the determination of 
its position yields some errors.

Fig. 2 City lights map observed by the DMSP satellite. The red circles 
indicate city light positions used for the calibration. The red numbers 
are corresponding to the green numbers shown in Fig. 1. The DMSP 
image and data were processed by NOAA’s National Geophysical 
Data Center, and the DMSP data were collected by US Air Force 
Weather Agency



557.7nmに対してはGチャンネルのみに出

力が見られること、酸素原子による波長

630nmに対してはRチャンネルのみに出力

が見られること、大気光で光量が多いナト

リウム原子による波長 589.6nm に対して

は、G チャンネルと Rチャンネルに出力が

見られることが確認された。	

	

図 5.	A-IMAP による観測と ISS-IMAP/VISI
による観測の比較	 [Hozumi	 et	 al.,	
2016]	

	
	

	 これらで開発された手法を用いて、国際

宇宙ステーションからのデジタルカメラ

による超高層大気の広視野・超高解像度撮

影画像の解析が行われた。図 5上図で赤色

で示されたものが A-IMAP で得られた R チ

ャンネルの光強度分布であり、酸素原子に

よる波長 630nm の大気光の分布に対応す

ると解釈されている。青色で示されている

ものは同時に観測された ISS-IMAP/VISI

による波長 630nm の大気光輝度分布であ

る。低緯度付近での高い輝度を持つ赤道異

常の領域が両者に共通して観測されてお

り、十分に高い感度の測定ができているこ

とが示されている。両者の観測領域の比較

から90度の視野をもつISS-IMAP/VISI	に

対して A-IMAP の視野が広いことが明らか

であり、広視野観測としてのデジタルカメ

ラ撮影の長所を示している。	

	 図 5 下図は両者の輝度の緯度分布の比

較である。A-IMAP の観測は地球リム方向

の観測であるため水平方向に積分される

ため VISI による下方向の測定よりも空間

構造が広がっているが、地理緯度-5 度付

近で輝度が高くなる赤道異常の構造を十

分に高い感度で観測できていることが明

らかである。	

	 以上のように本研究では国際宇宙ステ

ーション船内からのデジタルカメラによ

る撮影画像が、超高層大気の研究に活用で

きる手法の開発に成功し、これは今後の新

たな観測につながるものである。この結果

を受け国際宇宙ステーション及び超小型

衛星による新しいの観測の検討を行った。	
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horizontal axis of the A-IMAP image from 2142 to 214 
pixels by averaging data. The raw counts of the red chan-
nel of the photographs were averaged over 20 pixels for 
every 10 pixels along the horizontal axis of the image. 
Because the discrepancy between the horizontal axis of 
the image and the Earth’s horizontal axis is small in the 
range of horizontal 20 pixels, we can safely average data 
of the red channel in 20 pixels along the horizontal axis 
of the image. In the averaging process, the contamina-
tion by stars was removed with the same method as men-
tioned above. For each vertical profile along the vertical 
axis of the A-IMAP image, the total row count of the 
red channel in the range from 180 to 300 km in tangen-
tial altitude was calculated and mapped to its tangential 
point at 250 km in altitude. This process was applied to 
570 photographs taken from 13:38:59 to 14:05:09 UT on 
August 26, 2014. The result is presented in Fig. 6a with a 
black–red color scale. The ISS flew toward southeast and 
the center LOS of the camera pointed southeast with an 
AOV of 92° in the low-latitude region at that time. The 
width of the FOV across the track was about 2100 km at 
250  km in altitude. The horizontal resolution along the 

track was 21 km, which is determined by the 2.75 s imag-
ing interval of the photographs. The horizontal resolu-
tion perpendicular to the track was 19 km, corresponding 
to the size of 10 pixels of the image. The robot arms of 
the ISS obstructed the airglow imaging on the right side 
of the FOV as can be seen in Fig. 1. They cause the two 
line-shape data gaps on the south side of the mapping 
image along the ISS orbit. The solar panels of the ISS also 
obstructed the observation on the left side of the FOV 
until 13:49:36 UT. The data gap caused by the solar panels 
can be seen on the north side of the mapping image. An 
enhancement of the total count of the red channel caused 
by an enhancement of the 630-nm emission can be seen 
around the latitude of 5° S. This enhancement was inter-
preted to be caused by the EIA, because the magnetic 
latitude of the enhancement is consistent with the typical 
magnetic latitude of the EIA (e.g., Watthanasangmechai 
et  al. 2014, 2015). The total counts of the enhancement 
on the east side of the FOV were larger than those on the 
west side. This is because of the alignment of the LOS 
with the EIA, which has a zonally extended structure. 
Considering the center LOS of the camera pointed south-
east with an AOV of 92 at the low-latitude region, the 
LOS on the east side of the FOV pointed east, and then 
an integration along the LOS yielded a large count from 
the EIA. The LOS on the west side of the FOV pointed 
south and resulted in a less count.

IMAP/VISI is a Visible and near-Infrared Spectral 
Imager installed on the Exposure Facility of the Japanese 
Experiment Module on the ISS (Sakanoi et  al. 2011). It 
had a simultaneous observation on August 26, 2014, with 
the A-IMAP observation. IMAP/VISI observed several 
emission lines of the airglow, including the 630-nm OI 
emission with two slit-line FOVs pointing 45° forward 
and 45° backward to nadir. From 13:40:42 to 14:08:57 UT, 
it observed the 630-nm OI emission with backward FOV 
and an exposure time of 4.0 s in “the spectral mode.” In 
the spectral mode, it recorded the spectral shape in the 
wavelength range around 630 ± 6 nm with a resolution 
of 1.02 pixel/nm. We assumed that the maximum count 
is in the wavelength range containing both the 630-
nm OI emission and background emission and that the 
minimum count is in the range containing only the back-
ground emission. By subtracting the minimum count 
from the maximum count, the 630-nm airglow emis-
sion peak could be retrieved from the observed spectral 
shape. The 630-nm OI emission in units of Rayleigh/nm 
was mapped to an altitude of 250  km. The results are 
presented in Fig.  6a with a blue–white color scale. The 
width of the FOV across the track was 350 km at 250 km 
in altitude, and the resolutions across and along the track 
were 14 and 33 km, respectively. An enhancement of the 
630-nm emission caused by the EIA enhancement was 
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Fig. 6 Mapped total counts and the IMAP/VISI data. In a, total counts 
of the red channel of the photographs in the range between tangen-
tial altitudes of 180 and 300 km are mapped to the tangential points 
of 250 km with a black–red color scale. The 630-nm emission observed 
by the IMAP/VISI is plotted in units of Rayleigh/nm with a blue–white 
color scale. In b, data of A-IMAP and IMAP/VISI along the green line 
in a are presented as functions of latitude. The red solid line is for the 
total counts of the red channel with the summation range from 180 
to 300 km and the red dash line is for that with the summation range 
from 230 to 300 km. The blue line is for the 630-nm emission observed 
by the IMAP/VISI
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