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B Experimental and Numerical Study of Surface Parameters Controlling Electrostatic
Dust Charging on the Lunar Surface

The interaction with the solar wind has several
consequences on the lunar surface, and one of them
can be described as electrostatic transportation of the
lunar dust grains (Fig. 1). It has been proposed that
the emitted electrons within micro-cavities between
the neighboring dust grains can produce strong
repulsion to detach the dust particles from the loose
upper layer of the lunar regolith (Fig 2), and this
mechanism has been demonstrated in several

laboratory experiments. In order to launch a charged OO I ue L. o,
dust particle from the lunar surface, the electrostatic Electrostatic transportation [

repulsion should overcome the forces of contact and
gravity. The charge magnitude requirement of the
lofted dust particles in the range of 0.1 pm — 10 pm
in radius is investigated through a function of (1)

Figure 1: Lunar dust exosphere layers.

I i BEIDust lofting
I Dust charging _ I
. Electrostatic Return to surface
Incoming ;
. repulsion force O
solar wind I
NN : _
% Y % | Gravity force |

Figure 2: Solar wind electrons (black lines) releasing the secondary electrons (red lines) within micro-
cavities (left). Electrostatic dust lofting due to solar wind (right).

specific gravity that is determined by 60 : r = T w v w v

the particle type such as i Mean: 37.0 degree

agglutinates, basalt, or breccia, (2) g,,so ' s LT el
inter-particle contact forces, (3) the '~§40 E

surface  electric  field that is = : Peak valie: 43.5 — 450 degres
controlled by the solar wind, (4) the ~ 33° E

launch angle based on the gzo !

experimental results in Fig. 3, and 75

(5) the characteristic size of micro- 10

cavity that is related to the regolith L
configuration. It has been observed % 10 20 30 40 50 60 70 80 90
that the charge magnitude variation Launch angle (degrec)

increases with the particle size, and Figure 3: Launch angle measurements."

the particles with 5-6 um radius can
gain sufficient charges to loft and produce the near-surface lunar horizon glow as in Fig 4.
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Electrostatic dust transportation is controlled by several
parameters on the lunar surface, and these parameters are
related to the local plasma environment and
photoemission of electrons by solar UV/X-ray irradiation
together with lunar regolith configuration. The repulsive !
force between the neighboring dust grains can loft
particles from the upper loose layer of the lunar regolith o1
due to charge accumulation on the patch surfaces facing
micro-cavities.

According to the experiments and experimental studies
in our laboratory, the surface parameters are significantly ot . S
critical in determining the charge magnitude and initial U s 06 o4 I a1
launching velocities of the lofted dust particles more than
what was thought previously. It could be proposed that, ~Figure 4: Surveyor 7 lunar horizon glow
the contact forces are the dominant force in determining ~Photograph (Image credit: NASA) (top), and
the dust lofting conditions on the lunar surface while itis " simulation results (bottom).”
followed by the characteristic micro-cavity size and
launch angles, whereas gravity acceleration and surface
electric field are not significant parameters for
the lofted dust particles in the range of 0.1 pm
— 10 um in radius. The charging requirement to chrou whh ML
detach the particles is calculated to be in the e == il
range of -8.149 x 107° C to -2.724 x 1078 C for
the grains with 0.1 um radius, and -2.813 x 10 Thermocouples:]
13C to-1.889 x 1071 C for the particles 5 um in A
radius on the lunar terminator. gl

S
=

Altitude (meter)

Loosely placed
’ $i02 microspheres
oo s
: with icy surface
(<90um)

Current flow

——z Diagonal probes

Picoammeter

Power Supply
The conductivity variation of the silica dust

samples is  measured  after  water Heat_smk Wateﬁoolar{t] Pump " petiertements
implementation under freezing temperatures in 10 : : =i
order to observe its contribution to the dust 30
charging rates in the vacuum chamber, and the 100 £ "
conductivity change during outgassing events 7 x\“‘/\\ .
from icy dust samples are monitored for / T 10
medium vacuum conditions. The next
experiments will be performed with the 1/
vacuum conditions below 5 x 107 Pa pressure. 0% \ 10
In addition, the dust lofting rates will be

compared between the baked silica samples and 9 ‘ Vi
icy silica grains. 205 210 21

Current (A)
=

I'emperature (degree C)

220 225 230 235 240 245
Measurement time (min)

[y
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B OPERA(Onboard Processing of Earth-origin one-way Radio ranging signal)
KFrp EO/NRF O eI T, /ISR 2 o7~ ABuES v a v O L) RIRFEHEE Y
0y T hEEMTDHFEEHELTC, AR —ROFT S —va v A7 AORBEEITONT-,

B OPERAQIVU=FYVJETI

WEAFEIZS| & fiX OPERA D= V=7 U 7 ET7 VEMFE L T, BERBROFEZ YT T\5, =
V=T VST I IHDOR— R THERENTWT, *ﬁﬁ@?DVFIVP@mmm®ﬁ—
R2% S /X R7p ED @ JE I D EIRAE 5 45 5L IZ i )72 IF(Intermediate Frequency)|ZZ54#49
%, f& 5 4LBE(Signal Processing) A" — RIZHWT IF 2L L, R ORERHENE Ry 7 Z7 27 K
DR HEEHRE L, 22 B 2—% —(Computer)h— R THLIEREDRHEZIT S

SS-BPSK RF At : RF signal latency

Af : Frequency change of
Doppler effect

100[MHz]
SS-BPSK IF

/

/ Signal Epoch, t
ignal X
Front End . Processing . Compliter —» Distance vector, Rxyz
Board Board )
Board Velocity vector, Vxyz

OPERADJOvYE, FAFELI-OPERADI VS =_FYUTETIL

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

Demonstration CubeSat)

OPERA D#fi FEEFEZ 5 T, [k D #/ NV H BRAE 2 B2 Bl 2 HER OARIIE CTHRET 2 24

2. LEOPARD 7’1 ¥ =7 M7 T 5, LEOPARD HEIT SUBREDF = —7 v & LTH
HKINDHTETHD, OPERA LISMZ, H @ LHG(Lunar Horizon Glow)8HIH I v a v W AT A
T, BERIEHS AT A EEBEVAT A O L T, WUl L CHEEMRR AT O FAHIEL T
LEOPARD DA &GEFI A TV D, BIED A7 ¥ o — /WZERE MR/ 1uE. LEOPARD # & DR
HET EHEOFD EIFIX 2024 FETH D,
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4+ KITSUNE Satellite

B KITSUNE Satellite

KITSUNE (Fox in Japanese language) is a 6-unit (6U)
CubeSat with multiple missions such as FEarth
observation with 5-m class resolution color images,
demonstration of C-band communication service,
development of 2-unit main bus system (2UMB),
measurements of total electron content in the ionosphere,
LORA on-orbit demonstration for Internet of things
(IoT), and store-and-forward mission from the ground
sensor terminals of the developing countries. KITSUNE
satellite has three main segments as below:

(1) 2-unit main bus that is controlled via amateur
frequencies

(2) 3-unit camera payload system that is controlled by
2UMB

(3) 1-unit SPATIUM-2 mission that is controlled via
non-amateur frequencies Figure 1. KITSUNE FM satellite.

While SPATIUM-II only receives battery power from
the 2UMB section, it is controlled by a separate ground station to perform store-and-forward mission and
ionospheric research. On the other hand, the 2UMB system executes the Earth observation mission and C-band
amateur radio service. Even though the camera payload has been developed to capture 5-m class color images for
entertainment purposes, it will be used to demonstrate wild-fire detection by a CubeSat platform utilizing deep
learning as well.

Amateur radio frequency
controlled segment

Non-amateur radio frequency

controlled segment
|

!
2U Main Bus System
3U Camera Mission

DD B A< "6’ BEH NANYANG
- A qp) TECHNOLOGICAL
N/CS !S,Y}_‘_ff_‘i‘ i S 3 UNIVERSITY

}
| 1USPATIUM 2 |

i ! ! } l l
o BIRDS
ADDNICS Harada Seiki KYUTECH NTU ACCIMT C ;
ountries

Kyutech 2U standardized bus development Toital Sl G measuremepts L
; ionosphere / CSAC demonstration
3U camera payload development Store and forward L1SS104 /
§ LoRa demonstration

C-band communication demonstration from
main and mobile GS / Amateur radio service

GST capacity building in developing countries

Figure 2: Collaborators in KITSUNE satellite project.
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KITSUNE satellite in Fig. 1 has been developed as a collaboration between international academic institutions
and private sector in Japan while Kyushu Institute of Technology (Kyutech), which is the main satellite developer
and integrator, acted as the middle ground to establish communication and collaboration between all entities.
Kyutech team collaborated with Addnics Corp. and Harada Seiki Co. Ltd. in Japan for C-band communication and
optical payload development while the team cooperated with Nanyang Technological University (NTU) in
Singapore on CSAC (chip-scale atomic clock) payload and Arthur C. Clarke Institute for Modern Technologies
(ACCIMT) in Sri Lanka on store-and-forward (S&F) mission payload. The collaboration overview is represented
in Fig. 2. In addition, KITSUNE is the first multi-layer insulation equipped CubeSat to be deployed from
International Space Station (ISS).

2UMB was under development with an objective of
providing ability to support future missions in 3-unit or
6-unit CubeSat missions, and the heritage is being
employed in CURTIS satellite project. First, amateur
frequencies have been selected for the 2-unit main bus
(2UMB) and 3-unit camera payload in Fig. 3 with the

following objectives: E
*
e Earth observation with 5-m class images.
e Demonstration of C-band communication from \
the main and mobile ground stations. MLI , Camera
e Development and demonstration of Kyutech Payload

standard bus system with BIRDS heritage.

e Downlink of low-resolution images from a Figure 3. KITSUNE configuration with 2UMB,
secondary camera by C-band uplink commands SPATIUM-II and 3U camera payload in addition to
and amateur radio service' the MLI on nadir pointing side.

Second, SPATIUM-II (space precision atomic-clock
timing  utility mission) in Fig. 3 is controlled by non-
amateur frequency communication, and it has the
following objectives:

e Total electron content (TEC) measurements.

e Demonstration of LoRa board communication.

e S&F mission from the ground sensor terminals
(GSTs) of BIRDS countries.

e Monitoring chip-scale atomic clock (CSAC)
board on-orbit performance as in SPATIUM-I.

e Development of mobile and fixed GSTs as in Fig
4.

Kyutech team was composed of 35 members including
the graduate students and the LASEINE staff members.
The satellite was launched by Antares Rocket on

February 20, 2022, and it was deployed from ISS on
March 24, 2022. Figure 4. GST field testing in Kyutech Tobata
Campus (no RF transmission).
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J_'- BIRDS Program
BIRDS 7'v 77 L ICBd3 2564l BIRDS =2 — R L &2 —% ZEL7Z3 0,
More details on BIRDS Program can be found at BIRDS Newsletter at
http://birds1.birds-project.com/newsletter.html

B Review of all current BIRDS Projects

Status of BIRDS-3 Project

BIRDS-3 CubeSats (Japan, Nepal, and Sri Lanka) were launched on 17 April 2019 and deployed into orbit
on 17 June 2019. But after roughly 840 days in orbit, they came down in October of 2021. Some details

are given below. BIRDS-3 was a highly successful mission with all satellites working normally.

NepaliSat-1  Raavana-1 Uguisu
First beacon 18% June 2019 18" June 2019 18" June 2019
(received by Kyutech ground 0:19 (UTC) 0:23 (UTC) 0:19 (UTC)
station)
Last beacon 34 October, 2021 3" October, 2021 7" October, 2021
(received by Kyutech ground 21:11 (UTC) 06:15 (UTC) 04:43 (UTC)
station)
Total no. of CWs decoded 3737 3089 3970
Total no. of photos downloaded 93 89 20
(earth and space)
Satellite in orbit (days) 841 840 844

NepaliSat-1 was Nepal’s first satellite into space. Raavana-1 was Sri Lanka’s first satellite into space. You
can view some photos taken by BIRDS-3 of the Earth at the BIRDS-3 homepage, which is:
https://birds3.birds-project.com/ More info is also here: https://www.facebook.com/BIRDS3satellite

Status of BIRDS-4 Project

The BIRDS-4 CubeSats (Japan, Philippines, and Paraguay) were sent to the
ISS on Orbital Sciences Corporations's Antares rocket on 20 February 2021

MAYA-2 GUARANISAT-1

,,gm.s at 17:36:50 UTC. The rocket was launched at NASA's Mid-Atlantic
Regional Spaceport's Pad 0A on Wallops Island, Virginia, United States.
The satellites were deployed by the ISS into Low Earth Orbit on 14 March
2021. Radio licenses were secured on 17 December 2021. For more
information see:

BIRDS 4 Satellite Project - KyuTech - 75— /A | Facebook
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Sl This is a photo taken by one of the BIRDS-4 satellites. It shows the Parana
gl River,which runs through Brazil, Paraguay, and Argentina, for some 4,880

kilometers. GuaraniSat-1 is Paraguay’s first satellite into space.

Status of BIRDS-5 Project

Members of the BIRDS-5 Project (Japan, Uganda, [___Japan Uganda Zimbabwe
Name TAKA PearlAfricaSat-1 ZIMSAT-1
and Zimbabwe) are shown above; and the names

ze 2U v 1]
of the satellites are shown at the right. Image
BIRDS-5 MDR occurred on 29 September 2020. - ‘ ‘
BIRDS-5 PDR occurred on 29 December 2020.
BIRDS-5 CDR occurred on 31 August 2021.
More information about the BIRDS-5 CDR can be found here: Pages 105-114, Issue No. 68, of the BIRDS

Project Newsletter; http://birds].birds-project.com/newsletter.html
BIRDS-5 satellites are scheduled to be delivered to JAXA during May of 2022.
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BIRDS Project

The Joint Giobal Mult-Nations Birds Satelite project, or BIRDS project, was created by the Kyushu Institute of Technology (Kyutech) to help
countries build their first satelite. So far, there have been 4 completed and one ongoing BIRDS missions:

1. BIRDS-1: Bangladesh, Japan, Mongolia, Ghana and Nigeria

2. BIRDS-2: Bhutan, The Phiipines and Malaysia.

3.BIRDS-3: Japan, Sr Lanka and Nepal

4. BIRDS-4: Japan, The Philpines, Paraguay,

5. BIRDS-5: Japan, Uganda and Zimbabwe.

The project has two main objectives:

1. Experience a satelite project,  in a hands-on manner.
2. Have a strategy for sustainabiity after the training ends.

ip program, DNSTIPNST (Doctorate in NanoSatelite Technology/ Postgraduate study in NanoSateliite
th the United Nations Office of Outer Space Affairs (UNOOSA] to promote the space capacity
building of non-space-faring nations. It also started the Space Engineering International Course (SEIC) in 2013 as a postgraduate program

Two or sent from each toKyutechas
using 1U CubeSat development work. The BIRDS sothat ! finished in two years,
1o operation. in two year ito fit projectinto a master's degree course

study timeline which s two years.
The BIRDSBus

New: A team presented on the March 2022 BIRDS meeting their use of the Radiometrix HX1COMS module
with the BIRDS platform. The module's datasheet has been added to the COMS repos! Also, detailed battery
testing and screening procedures have been added to the procedures repo. Please check these new
documents.

are platform consisting mainly of

One of the ma

ibutions from the BIRDS Project to the working teams is the BIRDSBUS. Itis a h
an EPS, a CAl ,

the needs of This s an expl

GitHub DH &

B Review of BIRDS Network Activities

2022 BIRDS Workshop on APRS

This workshop was originally planned to occur physically at Kyutech. However, due to the pandemic, it
occurred online on 9 March 2022, during 21:00-23:00 JST. The following presentations occurred:

1. 20-minutes by Kiran Kumar Pradhan (Bhutan): 7Zutorial and then status of BhutanSat-2
2. 15-minutes on BIRDS-4 APRS, by Adolfo of Paraguay

3. 15-minutes on BIRDS-2S APRS, by Gladys Bajaro of Maya3 and Maya4 (Philippines)

4. 15-minutes on BIRDS-5 APRS, by Edgar Mujini of Uganda

After these presentations, we had Q&A, and a general discussion of APRS.

2022 BIRDS GST (Ground Station Terminal) Workshop
This workshop was originally planned to occur physically at Kyutech. However, due to the pandemic, it

occurred online on 10 March 2022, during 21:00-23:00 JST. The workshop was moderated by Pooja

Lepcha. The following presentations occurred:
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Presenter

Name

Contents

1 Kyutech Prof. Mengu Cho Opening remarks

2 Kyutech Pooja Lepcha Update on GST and KITSUNE

3 Malaysia Nik Amirul Aiman Bin Rahmat | Update on the GST development

4 Taiwan Yu Sheng Liu Update on the GST development

5 Philippines Jeric G. Brioso Update on the GST development

6 Sri Lanka Tharindu Lakmal Dayarathna Update on the GST development

7 Paraguay Ever Quifionez Update on the GST development

8 Mongolia Barsbold Bayansan Update on the GST development

9 Costa Rica Juan J. Rojas Update on the GST development

10 | Nepal Sirash Sayanju Update on the GST development

11 | Kyutech Adolfo Jara Operation Updates from BIRDS-4
(BIRDS-4)

12 | Kyutech Victor Mukungunugwa Updates and Announcements from BIRDS-5
(BIRDS-5)

13 | Zimbabwe Tungamirai V. Zvenamo Update on the GST and Ground Station

14 | Uganda Herbert Abigaba Update on the GST and Ground Station

15 | ALL ALL Discussions and Way Forward

16 | Kyutech Pooja Lepcha Award Ceremony for BIRDS-3 competition
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B Overseas Activities
SEIC Guest Lecture series

Normally, SEIC has the tradition of inviting distinguished space engineering experts from overseas to speak

in front of SEIC students to broaden their SEIC education. However, during this fiscal year (as well as the
one before it), it was not possible for them to travel to Japan and to Kyutech. Hence, we invited the experts
to lecture to SEIC students via ZOOM. The format was: 40 minutes of lecture, followed by 20 minutes of

Q&A. The following are the speakers who contributed to SEIC Guest Lecture series.

2021-2022 SEIC Guest Lecture Series -- list of distinguished speakers
No. Date of Speaker Country Affiliation Title
lecture, and
Photo
1 8 Apr 2021 Les Johnson USA NASA Marshall | Solar Sail Propulsion for
Space Flight Deep Space Exploration
Center
2 Javier Stober USA MIT Casting Paraffin and
Beeswax for In-Space
Propulsion Applications
3 27 Apr 2021 | | Yuichi Tsuda Japan ISAS-JAXA Hayabusa2 - Sample Return
Mission to Asteroid Ryugu
4 Tatsuya Arai Japan Oceaneering Life Support Systems for
Space Systems | Spaces
5 20 May 2021 Marco Goémez- Costa University of Evolution of IoT Satellites
Jenkins Rica Cambridge, UK
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6 26 May 2021| | Dmytro “Dima” | Ukraine Institute for Q- | Introduction to Attitude
Faizullin shu Pioneers of | Determination and Control
(5 '\! Space, Inc. System
s (1QPS) -- using cases of HORYU-IV
. and QPS-SAR satellites
_ %
7 3 June 2021 | | Chris Welch UK International The International Space
Space University and the Space
University Payloads Laboratory
8 Quentin France University of A congested, contested and
Verspieren Tokyo competitive domain:
an introduction to safety,
sustainability and security
challenges in outer space
9 22 June 2021| | Rei Kawashima | Japan UNISEC UNISEC-Global — Past,
Present and Future
10 5 July 2021 Koji Ina Japan METI, Overview of Japan's Space
Government of | Industry Policy and
Japan International Cooperation
11 15 July 2021 | | Gladys C. Kenya MIT Potential Use of Wax-Based
Ngetich Propellants for Propulsion of
Small Satellites
12 Hiroki Akagi Japan JAXA Overview of the International

22 July 2021

Space Station Program and
Japan’s Contribution
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13 26 July 2021 | | Arifur Khan USA University of Space Environment, Satellite
Texas El Paso Charging and Charge
Mitigation
14 Phongsatorn Thailand | International Waking up to the New Space
Saisutjarit Institute of Economy
Space
Technology for
Economic
Development
(InSTED)
15 8 Oct 2021 Kojiro Suzuki Japan University of Flight of EGG -- a 3U tiny
Tokyo satellite to open a new era of
atmospheric entry
16 13 Oct 2021 | | Jyh-Ching Juang | Taiwan National Cheng | Preparing for this wave of
vl B T Kung University | space rush
—_ (Taiwan)
17 Takao Nakagawa | Japan ISAS-JAXA Space cryogenics and beyond
18 Tatsuya Sawano | Japan Kanazawa The Monitoring of X-ray
University Transients and Alert
Microsatellite KOYOH
19 Maximilien UK- University of Measuring the dynamics of
Berthet France Tokyo the atmosphere for free using

nanosatellite TLEs
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20 6 Dec 2021 Chi Nguyen Vietnam Caltech (USA) | The Cosmic Infrared
e Background ExpeRiment 2
o~ (CIBER-2): A Near-Infrared
Sounding Rocket Payload to
Study Large-Scale Structure
Formation
21 7 Jan 2022 T. Nagashima Japan Ministry of Space and Diplomacy
Foreign Affairs
(MOFA),
Government of
Japan
22 24 Jan 2022 | | Takuya Japan University of Prospects for studies of
Hashimoto Tsukuba distant Universe with JWST
and ALMA
1)
23 2 Feb 2022 Dogacan Su Turkey University of New Insights into the
Ozturk Alaska Dynamic Auroral Phenomena
24 Takahiro Iwata Japan ISAS-JAXA Studies of Lunar and
Planetary Inner Structures by
using Technologies of Space
Geodesy
25 25 Feb 2022 | Yoshitomo Izura | Japan GITAI Japan, Can you make money in the
Inc. New Space industry?
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