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m  SPATIUM program

The main statement for the SPATIUM program is to do scientific study of ionosphere using satellites with

Chip-Scale Atomic Clock (CSAC) to provide real-time three-dimensional mapping of ionosphere plasma
density by a constellation of CubeSats in vertical and horizontal direction.

The SPATIUM program includes one CubeSat for SPATIUM-I, and the CubeSat constellations for the future
SPATIUM-II and SPATIUM-III programs, to fulfill the scientific requirements about ionosphere mapping.
With the CubeSat constellation, by exchanging the ranging signals, each satellite derives the TEC (Total

Electron Content) along the inter-satellite path. The TEC and the in-situ plasma density data are processed
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onboard. To provide continuous satellite data reception, the SPATIUM program has GSs in Japan and in
Singapore. The program also plans to use the GS network provided by the BIRDS satellite project. In August
2018, the BIRDS GS network includes 10 GSs.

Since 2016, Kyushu Institute of Technology (Kyutech) in Japan and Nanyang Technological University
(NTU) in Singapore have been jointly developing a 2U CubeSat, SPATIUM-I, to validate some of the key
technologies in orbit (Fig. 1).

SPATIUM-I was released in October 6, 2018 (Fig. 2), from the International Space Station. The GS
successfully received the satellite signal and decoded the Spread Spectrum modulated signal. The satellite is
currently functioning well. Long-term operation to verify CSAC accuracy has begun.

The missions of SPATIUM-I are the following:

1. In-orbit demonstration of CSAC;

2. In-orbit demonstration of SS-modulated 467MHz
Tx with CSAC as a clock source;

3. In-orbit demonstration of 400MHz Tx and Rx for
the second UHF band;

4. Demodulation of Spread Spectrum Signal on the
ground,
5. Time-synchronization of multiple ground stations;

6. Reading the carrier wave phases (400 MHz and 467

) . Figure 1. SPATIUM-I satellite (2U CubeSat)
MHz) of a single satellite.

To realize SPATIUM-II and SPATIUM-III constellation, the following technical issues must be solved:
1. CSAC working correctly in the space environment;
SS-modulated UHF transmitter onboard a CubeSat;
SS-modulated UHF receiver onboard a CubeSat;
Satellite positioning within error of 1m or less;
Plasma in-situ measurement by a CubeSat;
Operation of CubeSat constellation;

Derivation of TEC and TPW from the phase

N R D

differences of ranging signals and carrier waves
among multiple ground stations;
8. Derivation of TEC between satellites;

9. Derivation of 3D plasma density distribution.

Figure 2. SPATIUM-I satellite release from the ISS
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Ceres Space Technology Center of Sudan

(Sudan)
* Yasir Ahmed, Md Hassan, Mustafa Mohammed,
Yasir Osman, Huzifa Hajali Majzoob, Musab

Abdelgader.
* Satellite training

9/10 o
Algerian Space Agency (Algeria)
+ Kameche, Bekhti
* Tour of facilities
1. 2018 -

6. 2019

Universidade Federal de Santa Catarina (Brazil)

* Victor Hugo Schulz
* Internship

The Embassy of Nepal (Nepal)
* Krishna Chandra, Charge de Affairs
* BIRDS-3 CDR participation

5/ 6 - 20

National Research Institute of Astronomy

and Geophysics (NRIAG) (Egypt)
Yehia Ahmed Mohamed Abdelaziz ,
Farid Halawa [not shown]

* Research experiments

1/15 - 8/ 8

National Univ. of Mongolia (Mongolia)
* Usukhbayar Erdenebat

+ Internship

8/31 -9/ 9

NARSS of Egypt (Egypt)

+ Chairman Mahmoud Hussein Mohamed
Ahmed, Ayman Mahmoud, Mohamed
yahia, Haitham Aka, Eng. Khaled
Shaheen, Eng. Hatem Taha

* MoU signing and satellite testing

- \ﬁ,\
CONAE (space agency of Argentina)
Marco Alvarez Reyna of Argentina
+ Collaboration talks



11/29 12/ 3
Sapienza (Univ. of Rome) (Italia) AEP (space agency of Paraguay) (Paraguay)
+ Fabio Santoni, Candidate Paolo Marzioli ' D1re(.:tor Alej andr.o J. Roman Molinas
- To give presentations to SEIC * To give presentation to Cho Lab
12/12 - 17

UiTM of Malaysia (Malaysia)
+ Siti Amalina Enche Ab Rahim
+ Discussions and presentations

UiTM of Malaysia (Malaysia)
* Mohamad Huzaimy Jusoh (in blue jacket).
+ To teach a course on space weather for SEIC

12/10 "
12/ 20-29
The Government of Rwanda National Univ. of Mongolia (Mongolia)
+ Messrs. Alex Ntales and Georges Kwizera * Tsolmon Renchin
* Tour of facilities * To teach a course on remote sensing for SEIC

12/17-21. 2018 1/12 - 3/ 8, 2019

1/ 7-11. 2019
World Meteorological Organization in Cal Poly (U.S.A))
Geneva * Dominic Lunde (center)

* Werner Balogh (Austria) * Internship

+ To teach a course on space law and Jan. —Feb. 2019 . S p:
policy for SEIC - L= =1

NARSS of Egypt  (Egypt)
+ Ayman Mahmoud, Mohamed Yahia,
Haitham Aka, Eng. Khaled Shaheen,
Eng. Hatem Taha, Eng. Ahmed Ali,
Eng. Ena
+ Satellite testing
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B Overseas Activities

Travel to overseas destinations is performed by LaSEINE staff in order to: (1) maintain contacts with
existing partners (space agencies, universities, etc.), (2) make new contacts, (3) explain possible new
collaborations (e.g., BIRDS Project) with Kyutech, (4) stay in touch with SEIC graduates, and (5) publicize
SEIC and PNST to overseas students. During this fiscal year, Assistant Professor G. Maeda undertook the

following overseas trips in pursuit of those missions:

Overseas trips undertaken by G. Maeda during FY 2018

.. Count
No. Start date End date Place(s) visited ountry
visited
1 2018.4.9 2018.4.11 [a] Consejo Nacional de Ciencia y Tecnologia (CONACYT) Mexico

[b] National Institute of Technology of Mexico (TecNM)

[a] University Nacional de San Martine (UNSAM)-Buenos Aires
2 2018.4.12 2018.4.18 [b] National Technological University (UTN)-Cordoba Argentina
[c] Comisién Nacional de Actividades Espaciales (CONAE)-Cordoba

[a] Landmark University N
2018.5.2 201854 N
3 0185 0185 [b] NASRDA, the space agency of Nigeria geria

Transform Africa Summit
4 2018.5.7 2018.5.10 http://smartafrica.org/events/past-meetings—and-events/article/transform-africa—summit-2018- Rwanda
07-10-may—-2018-kigali-rwanda

69TH INTERNATIONAL ASTRONAUTICAL CONGRESS, Bremen

5 2018.10.1 2018.10.5 httpsy//www.iac2018.0rg/ Germany

6 2018.10.22 2018.10.23 University Tecnologie de Panama, UTP Panama

[a] Paraguay Space Agency, AEP

7 2018.10.24 2018.10.2
018.10 018.1026 [b] National University at Asuncion, UNA

Paraguay

African Leadership Conference, ALC L
8 2018.11.4 2018118 https://africanews.space/african—leadership—conference—alc—on—space—science—and-technology/ Nigeria

2019 session of STSC of COPUOS at the United Nations at Vienna

[a] Special UNOOSA symposium: “UNOOSA/Japan Cooperation on Capacity Building Initiatives ——
9 2019.2.14 2019.2.16 example of KiboCUBE and Post—graduate study on Nano—Satellite Technologies Fellowship Austria
Programme”

[b] Plenary session of COPUOS to give Kyutech presentation

10 2019.2.19 2019.2.21 Research and Innovation Center; Institute of Technology of Cambodia Cambodia
11 2019.2.21 2019.2.23 Satellite Communication Division, Ministry of Post and Telecommunication Laos
12 2019.2.23 2019.2.24 Astroberry (satellite start—up venture in Bangkok) Thailand

With some support from UNISEC-Global,
Assistant Prof. Kim visited Namibia during 17-19
April 2018 to conduct CanSat training at NUST
(Namibia University of Science and Technology).

Dr Kim is in the back row of this photo.

During 19-21 November 2018, Prof. Cho attended the Sixth UNISEC Global Meeting at ISU in France to

explain and to promote the various international activities of LaSEINE.
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the Sixth UNISEC Global Meeting

B 3rd BIRDS International Workshop (Mongolia)
In support of the “BIRDS Network” (a human network of all BIRDS Project partners), a series of annual

BIRDS international (academic) workshops are being executed: (1) First one in Japan [2016], (2) second one
in Ghana [2017], (3) third one in Mongolia [2018], and (4) fourth one in Bangladesh [2019]. During 16-19
August 2018, the third one was successfully held on the campus of National University of Mongolia. The
workshop was sponsored by: (1) National University of Mongolia, NUM, (2) Japan Society for the Promotion
of Science, JSPS, and (3) Kyutech. Kyutech warmly thanks NUM for handling all of the local logistics for

this workshop — as a result, the workshop was a fabulous success.

Official group photo of 3BIW at Mongolia
D. A. Olurotimi (Nigeria), R.S.I. Antara (Bangladesh), Mengu Cho (Japan), George Maeda (Japan), Joel
Marciano, Jr. (Philippines), Huzaimy Jusoh (Malaysia),Cheki Dorji (Bhutan), Rabindra Prasad Dhakal
(Nepal), Kamani Ediriweera (Sri Lanka), Jyh-Ching Juang (Taiwan), Adolfo Chaves Jiménez (Costa Rica),
Moutaman (Sudan), Apiwat Jirawattanaphol (Thailand), Adrian Salces (Philippines), Delele Ayele (Ethiopia).
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B The 2™ Ground Station Workshop at Kyutech

Warin Thailand
This workshop was held at LaSEINE during 23-28 January  [garleston Philippines
2019 in a fashion similar to the 1* Ground Station Workshop held ~ |Ming-Xian Taiwan
in January of 2018.  This workshop has three primary |Nadhirah Malaysia
.. . .. Kafi Bangladesh
motivations: (1) Train participants on general aspects of ground
Roshan Nepal
station operation, (2) educate them on ground station network  [1,enzang Bhutan
operation in preparation for the deployment of BIRDS-3 satellites  |Ernest Ghana
during the summer of 2019, and (3) prepare the draft of a [|Oide Nigeria
) Kaveendra Sri Lanka
standardized store-and-forward (S&F) data format. Travel funds :
Usukhbayar Mongolia
for the participants were provided by JSPS under its "B. Asia-  [camila Argentine
Africa Science Platform" under the Core-to-Core Program. Esteban Costa Rica

The workshop participants

r

Group photo of the workshop at its closing
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B Annual Report of Project Based Learning for Space Engineering International Course

This year, PBL students have a choice: They can find a project with a SEIC professor (for example, many
students join a BIRDS project under Prof. Cho), or they can go with standard PBL, which is coordinated by G.
Maeda. This year, the standard PBL class had 12 SEIC students — a balanced mix of Japanese and
international students. Normally, the PBL class enters the MIC (Mission Idea Contest) of UNISEC. But
this year a dramatically new idea was tried. The 12 students were divided into three teams. Each team was
tasked with developing a mission idea; then designing it; then fabricating it as one PCB (printed circuit board);
and then testing it.

At the end of February 2019, the PBL teaching staff
evaluates their final products. One winning team is

selected. Its mission becomes part of BIRDS-4 Project,

and therefore it will go into space when BIRDS-4 |
satellites are deployed from the ISS in the summer of
2020. This new methodology is superior to the old
MIC way because the MIC way is just a paper design, |
whereas this new approach involves hands-on hardware |
and software development. It is surmised that this new

approach is more effective in terms of educating PBL

students.

PBL D#kF
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