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Abstract

The HAYABUSA spacecraft re-entered the Earth’s atmosphere on 2010 June 13 UT, together with the capsule
for the sample return. This was the first trial of the re-entry experiment as a Japanese interplanetary spacecraft. We
undertook an expedition to South Australia for ground-based observations, and succeeded in obtaining valuable data
of various phenomena occurring at this re-entry. Our data were widely used not only for scientific analysis, but also
for outreach purposes. This paper provides an overview of our expedition.
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1. Introduction

HAYABUSA was an unmanned spacecraft developed by
JAXA (Japan Aerospace Exploration Agency) (Fujiwara et al.
2006; Kawaguchi et al. 2008). Its mission was to return
a sample of material from a small near-Earth asteroid, 25143
Itokawa, to Earth for further analysis. It was launched on
2003 May 9, and rendezvoused with 25143 Itokawa in 2005
mid-September. After various investigations were carried out
by remote sensing, HAYABUSA landed on the surface of
25143 Itokawa and attempted to collect samples, which were
expected to be trapped in the sampling chamber during the
period of contact with 25143 Itokawa (Fujiwara et al. 2006).
The original plan was to eject the capsule from the space-
craft well before close approach to Earth, together with an
extension of the mission of the spacecraft, itself. This was
the first trial for a Japanese interplanetary spacecraft to return
to Earth with a re-entry capsule (Kawaguchi et al. 2008).
Unfortunately various problems arose. After the landing an
unexpected leak occurred in the fuel (Yoshikawa et al. 2010).
In 2005 December, a sudden attitude change was observed, and
communication was lost. In early 2006, communications were
recovered, and the return orbit to Earth was reexamined. After
this effort, the re-entry into the Earth’s atmosphere was planned
on 2010 June 13 (Fujita et al. 2011). It was unfortunate that
the HAYABUSA team determined that the re-entry of the main

body should take place together with the capsule. In order to
secure re-entry of the capsule, they planned to release it only
three hours before re-entry. This was too short to change the
orbit of the main body of the spacecraft to maintain the inter-
planetary orbit to prevent re-entry. The main body was also
expected to burn out through ablation of the re-entry following
the capsule, which would be protected by the heat shield.

However, this re-entry was a great chance for especially
meteor astronomers to see what would happen in this re-entry
of not only the capsule, but also the main body. The expected
phenomena in the re-entry of artificial objects are basically due
to the same mechanism of luminescent processes according
to the collision with the atmosphere as intense, aerodynamic
overheating. A point different from natural meteors is that the
artificial object whose orbit is precisely planned rushes into
Earth. The artificial object has also an already known mass,
structure, and composition, with a scheduled trajectory into
the atmosphere as well as a planned velocity and orbit at the
re-entry. In HAYABUSA’s case, the mass of the capsule was
17.1 kg, and the main body was � 500 kg. The ground speed
at which the capsule would re-enter into the atmosphere was
scheduled to be 12 km s�1. This almost equals the velocity of
very slow meteors. Moreover, the re-entry of the main body of
the HAYABUSA spacecraft was expected to show fragmenta-
tion, which is often seen in large meteors. In a word, re-entry
into the atmosphere of the HAYABUSA spacecraft is an event
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that can be called an “artificial meteor experiment” from the
perspective of meteor science.

After announcing the re-entry plan, the first present author
(JW) started to organize a ground-based observation team
consisting of members mainly at the National Astronomical
Observatory of Japan. This was an expedition independent of
JAXA’s ground-based observation team (Fujita et al. 2011) and
of a NASA airborne team (Jenniskens et al. private commu-
nication), partly to reduce the weather risk for ground-based
observations, and to make the length of our visit as short as
possible. In addition to professional astronomers, he invited
two professional photographers (YI and YK) and one amateur
astronomer, who knew how to take high-quality pictures of
a variety of astronomical phenomena. Because JW is the divi-
sion chief of the Public Relations Office in duty, he emphasized
the importance of outreach activities in obtaining high-quality
pictures of the re-entry. Some of the pictures taken on the
actual spot may not be scientific, but should be significant in
terms of providing an excellent announcement to public view.
The purpose of this paper is to give an overview of our expe-
dition sent out to make extensive studies of this historically
significant Japanese space mission.

2. Observation Site

The expected landing site of the capsule was in WPA
(Woomera Prohibited Area) (Fujita et al. 2011). Because it was
expected to come from the western sky, we tried to choose an
observation site west of the landing site taking account of the
re-entry trajectory into the atmosphere. Because the ground-
based observation team coordinated by JAXA set several obser-
vation sites, mainly south of the expected trajectory, such as
Tarcoola and Glendambo (Fujita et al. 2011), we chose the
opposite, the north, so as to reduce the risk of bad weather. Air
access was important to reduce the travel time, so we decided
to choose Coober Pedy as a base town, which is a town north
of the re-entry trajectory.

The actual site of the observation was selected after our
arrival, by considering various conditions, such as the light
pollution, the field of view, and the ground scenery overall.
The selected site was � 20 km west of Coober Pedy, where the
longitude is 134ı32050:005 east, the latitude �29ı02033:003, and
the altitude 180 m above sea level. Figure 1 shows the position
of our observation site and the re-entry trajectory. It was actu-
ally a good position where the re-entry trajectory was expected
to cross the southern sky from west to east. The beeline to the
re-entry trajectory from this site was 121 km (Ueda et al. 2011).
All of the instruments were portable, so that we could easily
move to an area under clear skies by cars if the sky clouds
over at this site. Therefore, the observation equipment was set
up from the evening on June 13, after judging that we would
have good weather.

3. Instruments

We used 11 cameras and 7 video cameras, which are
described in table 1. Because the purpose was not only to
obtain scientific data, but also to develop outreach materials,
we used various cameras of fisheye to telephoto lenses in focal

lengths in order to cover a wide range of the field of view,
together with color sensors or films.

Pictures obtained through lenses of short focal lengths, such
as fisheye together with long exposures, offered an excellent
view for the public that would help people understand the
whole situation from one scene, and symbolized the scene of
the re-entry. On the other hand, pictures using short expo-
sures offered high-quality data on the time variation of various
phenomena, such as fragmentation of the HAYABUSA space-
craft (Watanabe et al. 2011) in higher resolution and shorter
exposure. We also tried to take several video data, which also
offered a high time resolution, but we failed to follow the rapid
apparent motion of the re-entry capsule. We were unable to
cover the whole process by the highest spatially resolved video
camera of No. 15, described in table 1, although we applied the
camera’s “super-night shot mode”, which provides high sensi-
tivity in the near-infrared wavelength region.

In order to avoid saturation, we used a lower-sensitivity
video camera at a low gain (No. 16). While most of the instru-
ments were used to take images, one digital camera (No. 1)
was set up for obtaining low-resolution spectra of the capsule
by using an objective grism (Ohnishi et al. 2011). A lens with
a focal length of 6 mm was installed in the head part of highly
sensitive black and white CCD video cameras (Nos. 12–14) to
film the event, and we set up the three same systems to cover
the expected length of the whole trajectory in the field of view
of the re-entry. The internal optical lenses installed before-
hand were used in other digital video cameras (Nos. 15–18).
More detailed information about each instrument will be given
in appropriate papers.

4. Results

We obtained data of various resolutions and exposures using
the various instruments mentioned above. In this section, we
provide an overview of our results from the dual perspective of
science and outreach.

4.1. Scientific Output

For the return capsule, it is important to know the black-
body temperature of the capsule during the period of re-entry
in order to confirm the result of the simulation run in the plan-
ning phase. Since the low-resolution spectra of the capsule
(No. 1) was strongly affected by interference from the main
body, we managed to derive the black-body temperature at the
final phase of the observation. Detailed results are described
by Ohnishi et al. (2011). We also succeeded in obtaining
the absolute value of the optical radiation from the capsule
and its time variation (Sato et al. 2011). The trajectory of
the re-entry of the return capsule and its deceleration was
determined by combining data obtained by JAXA’s team and
amateur observers (Ueda et al. 2011) with those obtained by
the video cameras (Nos. 12–14). It is important to compare
these results with those of precedent examples, such as the
Genesis and the Stardust capsules entering into the atmosphere
(Jenniskens et al. 2004, 2005, 2006, 2007; Jenniskens & Hatton
2008). It is also important in planning a future mission of
similar sample return.

A fragmentation of the main body of the HAYABUSA
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Fig. 1. Map of the expected trajectory of the HAYABUSA capsule and the position of our observation site.

spacecraft was observed in detail and recorded with five
cameras. The fragmentation caused an explosive increase in
brightness, which hindered us from quantitatively measuring
the brightness with which the detectors of most instruments
were saturated. However, from the viewpoint of planning
future observations of re-entry missions, it is important for
reference to estimate the maximum brightness and its lumi-
nous efficiency. Therefore, we managed to derive a variation
of brightness on the return capsule and the maximum of bright-
ness on the fragmented spacecraft from calibration in bright-
ness of ghost images of its saturated part (Ohkawa et al. 2011).
The results show that the maximum is comparable to the full
moon, seen from our observation site. The time variation of
the fragments and their size distribution was also observed
(Watanabe et al. 2011). These data were not obtained in
previous examples, such as the Genesis and Stardust re-entries,
due to the lack of re-entry of the main bodies (Jenniskens et al.

2006; Jenniskens 2010). Moreover, it is likely to be rare to
carry out such a coordinated observation of artificial satellite
re-entry. Detailed results are described in indivisual works
of this volume.

4.2. Outreach Materials

The preliminary scientific results of our expedition team
mentioned above were presented at the solar system session
of the annual meeting of Astronomical Society of Japan, held
at Kanazawa University on 2010 October 22. Our results were
chosen by the steering committee as one of the topics at the
press conference for this meeting. In particular, the result of
the estimate of the maximum brightness of the HAYABUSA
spacecraft awakened the interest of the media, and was featured
in Japan’s major newspapers. This is also considered to be part
of our contribution to outreach materials.

In addition to scientific results, we also obtained various
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Table 1. Observation instruments used in this expedition.

No. Camera Focal length Diagonal Comments
of lens (mm) F.O.V. (deg)

1 Canon EOS 5D Mark II 24 84 Grism spectrograph, exposure 1 s
2 Canon EOS 5D Mark II 14 114 Wide field image
3 Canon EOS 5D 15 180 Full-frame fisheye
4 Canon EOS 5D Mark II 15 180 Full-frame fisheye & exposure 4 s
5 OLYMPUS E-30 100 12 Exposure 1=60 s, 5 frames per second
6 OLYMPUS E-30 8 180 Full-frame fisheye, non IR cut
7 OLYMPUS E-520 7 114
8 OLYMPUS E-P1 17 65 0.8 frames per second
9 OLYMPUS OM-1 16 180 Full-frame fisheye, high-speed film
10 Nikon D700 27 77
11 Nikon D200 10.5 180 Full-frame fisheye

12 WATEC Neptune100 No.1 6 68.5 High sensitivity CCD
13 WATEC Neptune100 No.2 6 68.5 High sensitivity CCD
14 WATEC Neptune100 No.3 6 68.5 High sensitivity CCD
15 SONY Handycam XR520V 66 4.8 Near-infrared
16 SANYO Xacti WH1E 4 40 Color sensor
17 Canon iVIS HV20 6.1 57 Color sensor
18 Panasonic NV-DS88K 4.5 45 Color sensor

Fig. 2. Example of fisheye view of the trajectory of HAYABUSA’s re-entry and expedition team in front. This image was taken by No. 4 in table 1, with
full aperture of F /2.8 EF15 mm lens.

materials valuable for the outreach purpose. Because the
HAYABUSA’s return became a national concern as the high-
light of 2010 June, we created a website where anybody can
download our materials free for educational use. In partic-
ular, the fisheye images are highly valued, and one of them
appears on the front covers to special issues of several scientific

magazines. An example is shown in figure 2. Many books
have been published to introduce the HAYABUSA’s journey
to a large public, and some photographs taken by our team
were also used in these publications. The return capsule itself
has attracted many people to exhibitions around Japan, and
several science museums or exhibiting facilities requested us
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Table 2. Media reports of our materials in newspapers, magazines, and books (all written in Japanese).

Media name Issue date Data used Instrument Comments
nos. in table 1

Newspapers

Asahi Shinbun (daily) 2010 Sep 22 Image of fragmentation 5
Nikkei Shinbun (daily) 2010 Sep 22 Image of fragmentation 5
Mainichi Shinbun (daily) 2010 Sep 22 Image of fragmentation 15
Yomiuri Shinbun (daily) 2010 Sep 22 No image used
Sankei Shinbun (daily) 2010 Sep 22 Fisheye image 6
Tokyo Shinbun (daily) 2010 Sep 22 Image of fragmentation 5
Akahata Shinbun (daily) 2010 Sep 22 Image of fragmentation 5
Hokuriku Chunichi Shinbun (daily) 2010 Sep 22 Image of fragmentation 5
Hokkoku Shinbun (daily) 2010 Sep 22 Image of fragmentation 5
Nikkei Shinbun (daily) 2011 Jan 1 Fisheye image 4 New year special issue

Magazines

Nikkei Science (monthly) 2010 Sep Wide field image 2 Front cover etc.
Science Window (seasonal) 2010 Summer Fisheye image 6 With article
Tokyo-Jin (monthly) 2010 Oct Fisheye image 6 With article

Image of fragmentation 15
Newton (monthly) 2010 Aug Image of fragmentation 5 With article

Fisheye image 6
Hoshi Navi (monthly) 2010 Aug Various images 1,4,6,9 Front cover etc.

11,15
The Heavens (monthly) 2010 Aug Fisheye image 4 Front cover
Shogaku Ichinennsei (monthly) 2010 Dec Image of fragmentation 5
J. Japan Soc. Precision Eng. 2011 Jan Fisheye image 6
J. Japanese Soc. Edu. 2011 Jan Fisheye image 3 Front cover
Popularization Astron.
Rikatan (monthly) 2010 Aug Fisheye image 3 With article

2011 Jan Spectroscopic image 1,2 With article

Books

Newton Special for HAYABUSA 2010 Aug Image of fragmentation 5
Fisheye image 6

Nikkei Science Special 2010 Nov Wide field image 2 Back cover
“Uchuu Daikoukai”

HAYABUSA, Sokomade shite Kimiha 2010 Dec Fisheye image 4 Front cover
(by J. Kawaguchi) Takarajima Pub. Co.

Tenmon Nenkan 2011 2010 Nov Fisheye image 4 First page inside
(by A. Fujii) Seibundo Pub. Co.

HAYABUSA karano Okurimono 2011 Jan Image of fragmentation 5 Asahi Shibun
(by Asahi Shinbun) Pub. Co.

HAYABUSA-shiki Shikouhou 2011 Feb Image of fragmentation 5 Asukashinsha
(by J. Kawaguchi) Fisheye image 6 Pub. Co.

Astro Guide Hosizora Nenkan 2011 2010 Nov Fisheye image 3,11 Front cover
Astro Arts Co.

Space Guide 2011 2011 Apr Wide field image 2 JAXA Space
Education Center

Uchuu no Nazoga Tenitoruyoni 2011 Feb Fisheye image 11 Chukei Pub. Co.
Wakaru Hon

HAYABUSA no Chou Gijyutsu 2011 Mar Fisheye image 4 Front cover
Kodansha Co.

to set up our photographs in the poster exhibition. Although
no quantitative index exists for such outreach activities, it can
be safely said that our results obtained through our expedition
to South Australia are highly valuable as outreach materials.
We summarize the representative reports in table 2.

Of course, other teams supplied high-quality materials.
The international team led by Jenniskens also performed

a sophisticated observation as a DC-8 airborne mission.
High-quality movies have been released on YouTube and
other websites. Several Japanese teams independently went to
Australia to broadcast the re-entry online, and succeeded in
awakening a popular interest. We also released movies on our
site free so as to serve educational purposes, and some of them
were used in the television broadcast concerning HAYABUSA.
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In any case, we definitely succeeded in contributing to various
outreach activities in astronomy and space science all over
Japan by supplying high-quality images and movies of the
spectacular phenomena during the re-entry of the Japanese
spacecraft.

5. Concluding Remarks

We carried out an expedition to South Australia to observe
the re-entry of the HAYABUSA spacecraft together with its
return capsule. We succeeded in obtaining data of various
phenomena that are valuable not only for scientific, but also for
outreach, purposes. The obtained materials are widely used in
various domestic media concerning our national explorer, the
HAYABUSA mission. Note that our expedition was performed

independently of the JAXA’s organization, partly to reduce the
weather risk in the ground-based observations. The combina-
tion of various teams’ data definitely produced high-quality
materials in terms of scientific and outreach activities, and
the results of such experiences should be fully utilized for the
return of subsequent Japanese missions, such as HAYABUSA
2 (Yoshikawa et al. 2008).

We thank the JAXA’s team for cooperating on our expe-
dition. We also thank Mr. Noboru Hozumi (Hankyu Travel
International Co., Ltd.) for arranging all of the tickets and
accommodations for this expedition. We are grateful to
Mr. Wataru Ishigame, who joined us and assisted in our obser-
vation at the site.

References

Fujita, K., et al. 2011, PASJ, 63, 961
Fujiwara, A., et al. 2006, Science, 312, 1330
Jenniskens, P. 2010, J. Spacecraft & Rockets, 47, 718
Jenniskens, P., et al. 2004, Earth, Moon, Planets, 95, 339
Jenniskens, P., et al. 2005, Abstract, in Dust in Planetary Systems, LPI

Contribution, 1280, 79
Jenniskens, P., et al. 2006, Abstract, in Progress in Planetary

Exploration Missions, 26th meeting of the IAU, Joint Discussion
10, JD10, 20

Jenniskens, P., et al. 2007, in Proc. Dust in Planetary Systems, ESA
SP-643, ed. H. Krueger & A. Graps (Noordwiik: ESA), 7

Jenniskens, P., & Hatton, J. 2008, Abstract, in Asteroids, Comets,
Meteors 2008, LPI Contribution, 1405, 8202

Kawaguchi, J., Fujiwara, A., & Uesugi, T. 2008, Acta Astronaut., 62,
639

Ohkawa, T., Iijima, Y., Sato, M., Ohnishi, K., Kagaya, Y., Tanabe, T.,
& Watanabe, J. 2011, PASJ submitted

Ohnishi, K., Watanabe, J., Sato, M., Ohkawa, T., & Ebizuka, N. 2011,
PASJ, 63, 987

Sato, M., Watanabe, J., Tanabe, T., Ohnishi, K., Ohkawa, T., Iijima, Y.,
& Kagaya, Y. 2011, PASJ submitted

Ueda, M., et al. 2011, PASJ, 63, 947
Watanabe, J., Ohkawa, T., Sato, M., Ohnishi, K., & Iijima, Y. 2011,

PASJ, 63, 955
Yoshikawa, M., Kawaguchi, J., & Yano, H. 2010, Abstract, in 41st

Lunar and Planetary Science Conference, LPI Contribution, 1533,
2746

Yoshikawa, M., Yano, H., Kawaguchi, J., Hayabusa-2 Pre-project
Team, & Small Body Exploration Working Group 2008,
Abstract, in 39th Lunar and Planetary Science Conference, LPI
Contribution, 1391, 1747

D
ow

nloaded from
 https://academ

ic.oup.com
/pasj/article/63/5/941/2898178 by guest on 17 M

ay 2023


