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Small satellite for stratosphere-mesosphere science
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Present Status of the ELMOS Small Satellite Constellation
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Development of MCE (Multi-mission Consolidated Equipment)
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Global Lightning and Sprite Measurements from International Space Station
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The Global Lightning and sprite MeasurementS (GLIMS) on the International Space Station (ISS) is a mission to detect anc
locate optical transient luminous events (TLES) and its associated lightning simultaneously from the non-sun synchronous orbi
and is scheduled to be launch from Japan in 2012 as part of the multi-mission consolidated equipment on Japanese Expost
Module (JEM). Our mission goals are (1) to detect and locate lightning and sprite within storm scale resolution over a large
region of the Earth’s surface along the orbital track of the ISS without any bias, (2) to clarify the generation mechanism of
sprite, and (3) to identify the occurrence conditions of TLEs. To achieve these goals, two CMOS cameras, six Photometers, VLI
receiver, and VHF interferometer with two antennas, are installed at the bottom of the module to observe the TLEs as well a
causative lighting discharges at nadir direction during day and night time. Though the luminous events so-called sprite, elves an
jets have been investigated by numerous researchers all over the world based mainly on the ground observations, some import
problems have not been fully understood yet such as generation mechanisms of columniform fine structure and horizontal offse
of some sprites from the parent lightning discharges. In the JEM-GLIMS mission, observations from our synchronized sensor:
are going to shed light on above-mentioned unsolved problems regarding TLEs as well as causative lighting discharges. In thi
presentation, the scientific background, instrumentation, project summaries are given.
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Status of Global Lightning and Sprite Measurements on JEM-EF Mission (JEM-GLIMS)
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In order to study the generation mechanism and occurrence condition of Transient Luminous Events (TLES), global occurrenc
rates and distributions of lightning and TLEs, we will carry out the lightning and TLE observation at Exposed Facility of Japanese
Experiment Module (JEM-EF) of International Space Station (ISS). In this mission named JEM-GLIMS (Global Lightning
and sprite MeasurementS on JEM-EF) two kinds of optical instruments and two sets of radio receivers will be integrated into
the Multi mission Consolidated Equipment (MCE). The optical instruments consist of two wide FOV CMOS cameras (LSI)
and six-channel spectrophotometer (PH), and all these optical instruments are pointed to the nadir direction. In order to dete
whistler wave in the VLF range excited by lightning discharges, one VLF receiver (VLFR) is installed. In addition to this, VHF
interferometer (VITF) which measures VHF pulses emitted by lightning discharges is installed. JEM-GIMS will be launched by
H-11B F3 this summer. We have finished the fabrication of GLIMS instruments and all the environmental tests (EMC, vibration,
and thermal vacuum) and have delivered GLIMS instruments to the system side. All system functional and environmental test
of MCE were also finished at the end of 2011. Now JEM-GLIMS with MCE has delivered to the launch site and the assembling
of the HTV and rocket system are started. We will present the status of the JEM-GLISM mission and discuss the expecte
science outputs derived from this mission more in detalil.
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Space-borne imaging observation of the Earth’s upper atmosphere
Space-borne imaging observation of the Earth’s upper atmosphere
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Space-borne observation of the Earth’'s upper atmosphere has been planned for the global observation of the ionosphe
mesosphere, thermosphere and plasmasphere by a Japanese scientist group. An observation from the international space stz
will be carried out from 2012. The mission is called ISS-IMAP. It uses two imagers, visible-light and infrared spectrum imager
(VISI) and extra ultraviolet imager (EUVI). VISI will observe the airglow of 730nm (OH, Alt. 85km), 762nm (02, Alt 95km),
630nm(0, Alt.250km) in the Nadir direction. EUVI will measure the resonant scattering of 30.4nm [He+] and 83.4nm [O+].
Its field-of-view is 15 degrees, and points the limb of the Earth to observe the vertical distribution of the ions. The altitude
and inclination angle of the Orbital plane of ISS is around 350km and 51 degrees, respectively. Therefore the target of ISS
IMAP is the phenomena in the low- and mid-latitude regions. Another plan of the space-borne imaging observation of the uppe
atmosphere is the observation using a small satellite in the geo-transfer orbit. It combines the in-situ measurement, such as t
Langmuir probe, imaging instruments, such as VISI, EUVI and FUV imager, and a GNSS receiver. The observation of this small
satellite can fill the gap of our knowledge, and integrate the fragmentized information of the Earth’s upper atmospheres.
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HDTV observation from International Space Station
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REX-J, Robot EXperiment on ISS/JEM to demonstrate an astronaut support robot
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Over view of the UNIFORM project
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CO2 emitted from forest fire/peat fire is approximate 8 billion ton per year. Extinction of a forest fire is one of the most effective
activities for the reduction of CO2 emission. We develop the satellite called the UNIFORM (UNiversity International FORmation
Mission) that detect a forest fire by 10um micro bolometer camera at an early stage for contributing to digestive activities. This
50 kg class satellite realizes low cost, quick fabrication, and on-demand operation and we are planning the constellation operatic
of 3 satellites in this mission. We introduce the overview of the mission and specification of satellites in this presentation.
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Thermal infrared sensor calibration plan of the ground mounted on a earth Observatiol
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Progress Report of the Development of microsatellite RISING-2 for cumulonimbus and
sprite observation by multi-spectrum
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Development of Circularly Polarized Synthetic Aperture Radar for UAV and Microsatel-
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Geospace Exploration Mission: ERG project
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The ERG (Energization and Radiation in Geospace) is a geospace exploration mission in Japan for the solar maximum and su
sequent declining phase of solar cycle 24. The mission is especially focusing on the relativistic electron acceleration mechanisi
in the context of the cross-energy coupling via wave-patrticle interactions as well as the dynamics of space storms. The interpla
among different plasma/particle populations of the inner magnetosphere; plasmasphere, ring current/plasma sheet, and radiati
belts is a key to understand the energetic particle accelerations. The cross-regional coupling such as magnetosphere-ionospt
via FAC and the potential electric fields causes the spontaneous variations of the ambient fields.

The ERG project consists of the satellite observation team, the ground-based observation team, and integrated-data an
ysis/simulation team, as well as the science working team and the project science team. The SPRINT-B/ERG satellite o
ISAS/JAXA will be launched into inner magnetosphere in FY2014-2015. The comprehensive instruments for plasma/particles.
field and waves are installed in the SPRING-B/ERG satellite to elucidate the electron acceleration processes. The newly deve
oped system will directly measure the flow of the Poynting flux between particles and waves in the wave-particle interactions.
The Japanese ground-network teams including magnetometer, SuperDARN radar, optical imager, VLF, etc. join the ERG projec
which are very powerful tool for geospace remote sensing. The integrated data analysis and simulation team is now developin
the simulation tools which can be compared directly with the observations. In this talk, we will present the current status of
the ERG project and possible collaborations with other geospace satellite missions such as THEMIS and RBSP as well as tt
ground-based observations and simulation studies.
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Current status of the SPRINT-A/EXCEED mission under development
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The first satellite SPRINT-A of the SPRINT series, which is the JAXA's small satellite project, is now under development. The
first electric and mechanical test using the flight model of the SPRINT-A satellite is now performed for the satellite to be launched
in the next year. The mission payload, EXCEED, has the main telescope of the extreme ultraviolet imaging spectrometer (EUV)
the camera guiding field-of-view (FOV) for feedback to the satellite attitude control system, and the mission data processol
(MDP). The payload electronics are connected to satellite bus system with the space wire network. The objectives of the EXCEEL
mission are mainly two science topics: one is the atmospheric escape from the terrestrial planet by interaction with the sola
wind plasma, the other is the plasma transfer mechanism in the Jupiter magnetosphere with the object of the extreme ultraviol

emissions from the lo torus and the Jupiter’s aurora. The current status is reported in this presentation.
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Feasibility study of IR ozone and temperature limb sounder for small satellites
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For the studies of dynamics and chemistry, observations of vertical profiles of temperature and O3 are essential. Multiban
IR limb sounder, Nimbus-7/LIMS and TIMED/SABER have shown that the IR limb sounding can show 1) vertical resolution
1-2 km (better than scale height "3 km), 2) temperature and accuracy 1-2%, and 3) ozone accuracy 2-5%. Other measureme
techniques, solar occultation, mm/sub-mm limb sounder, FTS limb sounder have some disadvantages compared to the multiba
IR limb sounder such as TIMED/SABER.

Solar occultation technique can measure only at the terminator region during the satellite orbiting which also limits the obser-
vations only 28-30 times a day. Limb emission techniques (IR or mm/sub-mm) can measure more 1000 points a day. Compared:
multiband IR limb sounder, FTS IR limb sounder generally require bigger instrument and larger data rate, and mm/sub-mm limk
sounder requires large antenna (1 m) to achieve required vertical resolution 3 km. FTS IR and mm/sub-mm limb sounders ca
have measurement capability for many minor components, but these two techniques require longer observation interval (whic
is less spatial sampling). In this study, we report a feasibility study of multiband IR limb sounder to measure temperature and O:
for a small satellite with SMILES follow-on, a mm/sub-mm limb sounder, as the core instrument.

TIMED/SABER is a successor of the first generation multiband IR limb sounder (LIMS), which has 10 bands (CO2N 14.888-
15.520, CO2W 13.347-16.941, 13.347-16.941, 03 9.057-9.729, H20 6.510-7.120, NO 5.257-5.566, and three SWIR channe
(OH 1.952-2.189. OH 1.562-1.698, 02 1.262-1.285)). It uses a 77 K pulse tube cooler, and total instrument is 55W and 58.-
kg. Tsao et al (Tsao et al. 2000) have proposed an IR limb sounder (temperature and O3), 20 kg and 20 W, using uncoole
micro-bolometer array detector. The IR limb sounder using uncooled detector, MCS (Mars Climate Sounder), 10 kg and 15 W
has already demonstrated the excellent performance of uncooled IR limb sounder for the Mars observation, where the low weig|
and low power are strongly favorable. In Japan, uncooled IR imager have been developed for the Venus Climate Orbiter/Akatsuk
(Fukuhara et al 2011) and for the small satellites (Fukuhara et al, this session). We will conduct further feasibility studies of both
80 K cooled and uncooled multiband IR limb sounder, whether they meets the 1) weight and power limitation (cooled instru-
ment), and 2) sensitivity at mesosphere (uncooled instrument).
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