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=% Electrogtatic Dust L ofting over theL unar Terminator and ItsReationship
to Solar Wind and GeomagneticActivity during CME Events (Necmi)

Solar transient eventsinteract distinctivey with the
geomagnetic field and the lunar surface, and the
lunar surfacechargingis directly controlled by the
upstream plasma and the photoemission of the
electrons. While the lunar surfaceis covered by a
mixture of dust and fractured rock known as the

lunar regolith, the upper layer of the regolith could

B

® o
~
- -,
~

be highly responsive to space weather phenomena  E3%& Electrostatic transportation [l

such as solar transients including coronal mass

gjections(CMEs), streaminteraction regions(SIRs),

and solar flares. Even though there are various Figure 1: Dust transportation around the Moon
mechanigms to initiate dust activity on the lunar
surface, electrostatic dust transportation has been
investigated through variouslaboratory experiments
and simulations [1-5]. In this study, solar wind
parameters during CME events of 8-21 May 2024
and 10-13 October 2024 are used to simulate lunar
surface charging over the terminator region using
the current balance method. In addition, the lunar

dust lofting is simulated by dust particle trajectory Figure 2: Solar wind parameters for 8-21 May

2024
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activity over terminator region is investigated.

CMEsaremassivereleasesof plasmaandmagnetic

fields from the solar coronathat cause significant

Debye Length (m)
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fluctuationsin the lunar surface potential during TSime (day) 0

their passages. |n addition to impacting the cis-lunar
P pacting Figure 3: Terminator region surface potential,
environment, the&solartransentsare maindriva's electric field, and Debye Iength for 8-21 May 2024
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of geomagnetic activity, of ten accompanied by interplanetary shocks and high-speed solar wind streams

Significant changesand fluctuationsin IMFareobservedin Fig. 2from May 8to May 21, 2024.1n addition,

plasma parameters show significant fluctuations as well. Increased solar wind
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Figure 4: Overall results with the

geomagnetic indices for 8-21 May 2024

Figure 5: Solar wind parameters for 10-13

October 2024
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speed, enhanced proton density, and variability in
plasma temperature are observed as typicd
characteristics.

Lunar surface potential and electric fidd
immediately responded to the upstream plasma
conditions. While reaching approximatdy -100 V
and -18 V/m, itismostly influenced by the electron
temperatureand plasmadendty parameters (Fig 3).
After post-shock plasma passage, the lunar surface
charging becomessignificantly weak for severd
days while geomagnetic indices show ongoing
storm conditions with decreasng strengh.
Geomagneticfield activity indicesin Fig. 4 show
activity related to high levelsof southward-directed
fields (negative Bz component), enhancing
magnetic reconnection with Earth’s magnetosphere.
It triggered geomagnetic stormswith increased Kp
and Dst indices.

Another event is selected from October 10 to
October 13, 2024 in Fig. 5. Significant chargng
over the lunar terminator region including
enhancedsurfaceelectricfiddisobservedin Fig 6.
Overall comparison with the preliminay
simulation results are shown in Fig. 7.

Discussion: The current findings could be
summarized as the following:
 The lunar surface and dust exosphere respond
almost immediately to solar transient events,

though the degree of response varies.



»  Electrostatic dust lofting can enhanceor expand the lunar dugt exogphereat low altitudes, especidly
as geomagnetic activity intensfiesfollowing the passage of post-shock plasma, with the most severe

conditions observed near the shock front.

+  Due to the rapid response of lunar surface £ o0 o0 g
charging to plasma conditions, extreme £ | ¢ s 5 Z2 0 £
. . . 2 100} S A E g z
states subside quickly, with the suface = , ! = a
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Figure 7: Overall results with the geomagnetic

or the CME gjecta region. indices for 10-13 October 2024
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4+ CURTIS Satellite

CURTIS (Compact Utility Research and
Technology Integration Satellite) is a 3U CubeSat
(10 x 10 x 30 cm) developed by Kyushu Institute
of Technology (Kyutech) in collaboration with
Panasonic Holdings Corporation, launched on
April 11,2024 from the International Space Station
(Kibo module) and operated until September 12,
2024. Its primary objective was to demonstrate the
performance of Panasonic-developed technologies
in orbit, including a thermal control material, a
compact satellite BUS, and an analog camera for
Earth observation.

The satellite’s architecture is based on the

Kyutech BUS, derived from the heritage of the
BIRDS and KITSUNE project, and integrates a
slot-type structure to support modular assembly
and enable its mass production. Operations were
carried out via Kyutech’s UHF ground station and
the Infostellar ground station network (S-band),

enabling telemetry, payload control, and image

downlink facilitated by its magnetic-based attitude
control system. CURTIS satellite (top) and Camera mission pictures
(bottom)
Mission Objectives
e Evaluate thermal performance of surface-coated graphite sheets.
e Validate a highly integrated BUS combining OBC, EPS, and UHF on a single board.
e Demonstrate the use of a commercial analog camera for orbital Earth imaging.
Mission Highlights
e Successful subsystem activation and image capture during the early-phase operations.
e Full functionality of the BUS with a magnetic-based attitude control system and payloads verified via
CW beacons and UHF and S-band uplink-downlink operations.

e Structural and operational design optimized for next small satellite platforms.
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Table 1. General specifications of CURTIS satellite

Structure
Dimensions
Mass

Orbit

Design Lifetime

Power

Communication

ADCS
Thermal Payload
Camer a Payload

Integrated BUS
Payload
Operation Control
Decommissioning

Sot-type modular structure for fast integration and mass production

100 x 100 x 340 mm

3.32 kg

ISS orbit, 400 km altitude, 52° inclination

1 year (operated Apr—Sep 2024)

6 Li-ion cells (2S3P), 74 Wh, 6 solar panelswith GaAsand monocrystalline
cells

UHF: 400.96 MHZz/4800 bps, S-band: 2276 MHz/64 kbps (Tx); 2096 MHz/4
kbps (Rx)

Magnetic-based (ISISiIMTQ + sensors:. sun, gyro, GPS, magnetometers)

3 graphite sheet sets, heaters, thermistors, top/bottom payload boards
Analog CMOScamera(2.6 MP, 62.5° FOV), compressed image storage (80
kB-1 MB)

OBC, EPS, UHF Tx on single 6-layer PCB; 50 mW RF power; CW for
health monitoring

Kyutech UHF station + Infostellar S-band network

12t September 2024
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# MicroOrbiter-1 Satellite

MicroOrbiter-1(MO-1), a 1U CubeSat jointly developed by the Kyushu Institute of

Technology andMicro Orbiter Inc.,wasasignificant LaSEINE laboratory project focused

on demondrating satellite-based I nternet of Things(1oT) communication. Itscore purpose

was to act as a store-and-forward relay, receiving weak sensor signalsvia LoRa uplink

from inexpensve, low-power ground terminalsin remote locations, storing this data

onboard, and then forwarding it via downlink to a ground station. This capability aimed to extend
communication networksto previously unreachable areas. MO-1 featured a passive magnetic attitude control

system, utilizing permanent magnetsfor satdlite orientation and magnetic hysteresis rods for detumbling.

The MO-1 satellite

The MO-1 mission utilized LoRa modulation in both 400 MHz and 920 MHz bands. Building on the
successful demondration of 400 MHz LoRa by Kyutech and the Arthur C. Clarke Institute for Modemn
Technologies (ACCIMT) aboard the KITSUNE 6U satellite, MO-1 included the 400 MHz payload for
comparative study. The primary innovation, however, f ocused on demondrating the novel 920 MHz LoRa
capability for satellite 10T.

Deployedintolow Earthorbit fromtheIntemational Space Stationon April 11th, MO-1 operaeduntil August
2024. Duringthistime, the LaSEINE teamconducted operationsachieving notablesuccesses. Successul LoRa
uplink communicationviathe onboard patchantennaandcorestore-and-forwardf unctionality were confirmed
forthe 920 MHz mission. Despitetheinherent chdlengesof pointingadirectionad patchantennaonapassively
controlled satellite, retrievd of asubgantial number of datapackets via UHF downlink confirmed successul
LoRa uplinks from collaborating ground terminals across diverse regions, including Japan (17 packets),
Indonesa (42 packets), and the United States (130 packets). This outcomevdidates the satdlite'scapability to

receive data from remote users via LoRa and relay it effectively, demonstrating the system's potential.
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MO-1 deployment from the ISS

While the 400 MHz mission, intended for compardive study, did not achieve successful downlink,

preventing confirmation of LoRa uplinksin this band, this outcome provided invalugble data. Analyss
suggests the issue resided withinthe payload'sradio frequency (RF) system, potentialy an antenna connector
failure, though power consumption data indicated the payload was otherwise operational. The challenges
encountered offer criticad lessonstha will directly inform f uture mission design andrisk mitigation strateges
within LaSEINE.
Based on the defined success criteriafor the MO-1 project, we confirmthe achievement of both Minimum
Success (successful uplink in any band) and Full Success(successful uplink usngaground station in the 920
MHz band). The criterion for Extra Successwas partially achieved, demonstrating the f ull store-and-forward
chain comprehensively in the innovative 920 MHz band across multiple international partners, despite the
challenges with the 400 MHz mission.

In summary, the MicroOrbiter-1 project, a key endeavor of the LaSEINE laboratory, significantly advanced
our underganding of satellite-based I0T communication, particularly through the successful demonstration of
the 920 MHz LoRa store-and-forward capahility, enabled by its passive attitude control system and patch
antenna. While not without challenges themission yidded vitd dataand confirmed the satdlite'spotentid as
aremote datarelay. The experiencegained and the lessons learned from MO-1'sjourney represent a valugble

contribution to LaSEINE's expertise and pave the way for future innovations in satellite technology.
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+ LEOPARD Satellite

The LEOPARD (Light intensity Experiment with On-orbit Positioning and satellite

Ranging Demonstration) satellite is a 3-unit (3U) CubeSat platform to demonstrate

several technologies and payloads in low Earth orbit (LEO) prior to future lunar

CubeSat missions. After the deployment from the International Space Station (ISS), it

plans to perform the following missions, including onboard processing of Earth-origin

one-way radio ranging signals (OPERA), multispectral imaging to monitor light-scattering above the horizon

(MSCQ), single event latch-up detections (SEL), solar panel deployment using shape memory alloy (SMA), and

ambient magnetic field measurements. First, the OPERA mission will validate critical steps towards deep-

space positioning technology, and it will use one-way ranging method with S-band signal transmitted from

mobile ground stations. In addition, it uses a genetic algorithmto determine the satellite position, velocity

vectors and range. Second, the MSC payload will capture images during post-sunset conditions to monitor the

light scattering by atmospheric molecules and aerosol particles analyzing through Rayleigh scattering. Third,

the SEL mission will investigate the radiation protection technology for the satellite electronics against single

event effects. While the SMA mission will deploy two solar panels controlled by a heater-based mechanism,

the two magnetometers will perform measurements at the edges of the deployed solar panels in addition to the

other magnetometers in the satellite main body. These measurements will be used with independent component
analysis to detect stray magnetic fields and various geomagnetic disturbances during storm events.

Kyutech collaborates with Nanyang Technological University (NTU) in Sngapore in single event latch-up

(SEL) mission. The environmental tests of the flight mode was completed at the end of 2024. Currently, the

LEOPARD flight model is scheduled for delivery to JAXA in mid-2025, with operations expected to begin in

late 2025 in ISS orbit.

LEOPARD flight model
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The missions are listed in Table 1 below.

Table 1. List of missionsfor LEOPARD satellite

Missions ‘ Description

Multispectral Camera Detecting light-scattering by atmospheric molecules causing Rayleigh

mission scattering when the Sun is below horizon line

Demonstration of the positioning technology for deep space mission in low-
OPERA ,

earth orbit
SEL mission Evaluation of shieldingfor singleevents ontwo ARM -based microcontrollers

Magnetometer mission Measurement of magnetic field gradient around the satellite body

SAP Solar panel deployment by utilizing shape memory alloy
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*—BIRDS-RPM

The BIRDS-RPM (Rwanda-Paraguay-Moldova) is a 3-unit (3U)
CubeSat with multiple missions planned for low Earth orbit to be
launched by the end of 2026. BIRDS-RPM Project finished the
Preliminary Designstage atthe end of March and currently developing
the engineering model of the satellite. The project critical design
review meeting is planned to take place by the end of July 2025.

The table below summarizes the BIRDS-RPM satellite’s main bus

configuration. BIRDS-RPM satellite CAD model

Table 1. The BIRDS-RPM Main Bus configuration

Structure 30U, 100 x 100 x 340 mm, 3.65 Kg, Al 7075
. CABUREl-4s | - ©OBC
Payloads « OSIL ’ '{‘,‘SM AICORS
° (o)
new COM TRX . ADCS
- AZURSpace 3G30A (3S7P)
EPS Solar Cells - ANYSOLAR KXOB25-03X4F (3S16P)
Batteries Li-ion 2S3P (10.350 Ah)
ADCS ADS Sun sensors (x6), MGM (x3), GYRO (x2), Earth sensor (x2), GNSS
ACS IMTQ, QMTQ, RW(x3)
COM UHF TRX

In this project, Kyutech collaborates with Japan International Cooperation Agency (JICA), the Technical
University of Moldova (TUM), and ASPINA Company (Shinano Kenshi Co. Ltd). Hence, the main objectives
of the BIRDS-RPM are capacity building for the engineers from Rwanda and Paraguay through the JICA
program, and Kyutech’s students. The second objective is technology demonstration for the TUM’s payload

and Kyutech’s missions. The missions are listed in Table 2 below.

Table 2. List of BIRDS-RPM Satellite's missions

Missions Description
Automatic Packet Reporting System mission, receive APRS messages and sensor data,

CABUREI-4S and retransmit it to other ground stations.

oSIL Camera mission with machine learning module to help customize image capturing,
classify images, and stitch overlapping images to create a panoramic image.

TUM AICORS Artificial Intelligence Cosmic Radiation Sensor: aimsto detect single events upset using

COTscomponents andimplement Al to classfy and cluster the obtained measurements.
eOBC Enhanced onboard computer system based on the BIRDS Bus platform.
Antenna Deployment Mechanism: demondration of anew compact and robust antenna

ADM deployment system.
Demonstration of Attitude Determination and Control System with ASPINA’s Reaction
ADCS wheelsand 2 Magnetorquers (commercial magnetorquers and an in-house developed
one).
New COM TRX A Low-cost transceiver that attains equivalent perf ormance, data rate, and low power

consumption compared to commercial transceivers.
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2024 FEEIFUT O LS v = B F — 2B LT,
21t 2024.4.10 : DevelopingaV ersatile Plug-and-Play Software Solution for CubeSat Bus Sysgems: Insights
from Expert Interviews, BIRDS-X Satellite Project “Dragonfly” (Kyutech, Japan)
22th 2024.6.12 : KASHIWA initial operation report (Chiba Tech, Japan)
23th 2024.7.31 : MicroOrbiter-1 Operation Report (Kyutech, Japan)
24th 2024.10.10 : Development and Operational Insights from the CURTIS CubeSat (Kyutech, Japan)
25t 2025.1.29 : Crafting Indigenous Space Program in Malaysiathrough Multination Collaboration Project
— ASEANSAT, LOW GSD IMAGING SYSTEM PAYLOAD FOR ASEANSAT 1U-SIZED CUBESAT
APPLICATION (UiTM, Malaysia)
26th 2025.3.12 : Comparison between Gardens satellite and Birds bus (Chiba Tech, Japan)
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