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“CanSat2003” - Kyushu University

« CANSAT was the first training for the space system
development at the University.

B ARLISS 2003
@Nevada

* Best hands-on training for system design, electrical
engineering, instrument handling and AIT.

* Experienced a mission failure due to the insufficient
structural design, analysis, and verification.

Sun Sensor
Magnetometer
Gyroscope

GPS
Pressure Sensor

Temperature Sensor
Parachute was broken

and crashed on ground



Microsatellite Development as Master Student
“QTEX” - Kyushu University

* World first CubeSats were developed by Japanese
Universities and launched in 2003.

 Unlike other Universities, Kyushu University was focusing on
the development of 50-kg-class tethered microsatellite.

 Again, it was the best training for learning satellite design,
development, and AIT, as well as various bus system and

mission payload technologies. Springs

World-first CubeSat X-1V
© University of Tokyo

Clamp band
Mechanism

tether
‘/
; 4

Tethered Satellite QTEX
Kyushu University
(50kg)

Thermal C&DH




iIQPS — Spin-off Company

 Microsatellite technology research and development activity of the Kyushu
University resulted in the establishment of a spin-off company “iQPS.”

* iQPS is now providing services related with Earth observation micro-satellites,
small SAR satellites, and various micro-satellite key technologies such as
electrodynamic tether, debris sensors, low-shock non-pyrotechnic separation
mechanism, and controllable drag augmentation device.

SAR satellites Electrodynamic Tether

https://i-qps.net/ © iQPs




Microsatellite Development as Doctor Student

“FLP” - University of Stuttgart (2005~)

* Moved to University of Stuttgart, Germany, after
obtaining the Master of Engineering degree in Japan.

* DLR was successful in launch (2001) and operation of BIRD 1 © DLR
micro-satellite BIRD (Bispectral and Infrared Remote (92 kg)
Detection), and delivered operational wildfire-
detection information with on-board neuronal
network classifier.

* As a doctoral student, engaged in the development of
120-kg-class Earth observation and technology W =
demonstration micro-satellite Flying Laptop, later T T

renamed as FLP. © IRS/University of Stuttgart
(~120kg)

flansch Optikhalterung Filter

OSIRIS Optical AlS Receiver Multispectral Camera GPS LEON3 OBC

Com. Terminal © IRS/University of Stuttgart
https://twitter.com/flying_laptop




During the Doctoral Study, | met with...

Prof. Tetsuo Yasaka  Prof. Sir Martin Sweeting Me

| want to be a professor...!



Micro-/Nano-satellite R&D

I as Academic Researcher




Tohoku University Satellite Missions

SPRITE SAT (2009)
RISING 2 (2014)

S&F
Network

NN

V Earth Obs. S
Nano- V Earth ObS

i .
satetes o - *3«’%“:

© NEW, Ltd.

FREEDOM (2017)
V Wide Obs

% ~ IHI-SAT (2019-) ALE-2 (2019)
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R&D Activities $
Scientific satellite missions 7

2020/11/14 Toshinori Kuwahara, UNISEC Global Meeting #3



Scientific Microsatellite RISESAT

- Rapid International Scientific Experiment Satellite -

System Specification

Size and weight

size Smaller than W 500 x D 500 x H 500 mm
weight less than 55 kg

Orbit
type Sun Synchronous Orbit
local time 9:00-15:00 (Default LTDN 11:00)
altitute between 500 — 900 km
inclination approx. 98 deg

Attitude determination and control

method

pointing accuracy
pointing stability
SENSOrs

actuators

3-axis stabilization

{01°(3&) (Regs), < 004° (3 ¢) (Objectives)
6”/s

star sensor (2), FOG (3—axes),

magnetometer (3—axes), GPS receiver {1},
course and accurate sun sensors(4n)

reaction wheels (4)

magnetic torquers (3—axes)

Power supply
solar cells

battery unit
max. power generation
max. power consumption

GaAs multijunction cell

10 series x 5 parallel x 3 panels
{Deployanble panels and one body panel)

10 series x 1 parallel + 10 series x 2 parallel
9 series x 2 parallel NitH (3 7Ah, 18Y)

> 100 W

> 50 W

Communication
command uplink
HK downlink

Mission Data downlink

UHF, 1200bps at Sendai station, Japan
S-Band, 0.1W, 38400pbs — max. 500Kbps
main: Sendai station, Japan

sub: Fukui Univ. of Tech. station, Japan
sub: Kiruna station, Sweden

¥—band, max. 2 4Mbps

main: Fukui Univ. of Tech. station, Japan
sub: Sendai station, Japan

2020/11/14
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RISESAT Payload Instruments

4 Camera Instruments A
High Precision Telescope Meteor counter
- HPT - DOTCam
(Talwan(NCU)) (Taiwan(NCKU))

Ocean Observation Camera Micro Monitor Camera
- O0C - MMC
(Hokkaido University) (Tokyo Univ. of Science)

Sensor Instruments

TIMEPIX T Particle counter
(Czech, IEAP CTU)

J

Technology Demonstration

Laser Communication Transmitter
VSOTA (NICT, Japan)

\.
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High-resolution Multispectral Observation §

:

Unique Application
GSD i Number of Bands

RISESAT

HPT: High-Precision Telescope |
Hyperspectral

Pleiades-1A& 18

RISESATHPT
e

Year of Launch | |

-1880
1891-2000 [
2001-2010 []
2010-

Satelite Mass | |

. 1000 kg

e 100kg M

o

Ground Resolution [m]

LCTF: Utilize Liquid Cristal Tunable Filters
(420~1050 nm)

Selective Observation depending on
observation targets

GSD: 5m @600km

1000

X "/ 200 meters

: ‘».

A NEA

L = I.*.' e s

©Google Earth ;

RISING-2 HPT (5 m/pixel) LANDSAT-8 (30 m/pixel)
© Hokkaido University




Advanced Attitude Control System

Push Broom: Attitude stabilization Target Pointing: Active agile attitude control

Orbital Motion
é ----------------- I N .

Large
Satellite

- Satellite
Line Sensors Matrix sensors

P
P
Long exposure
GSD depends on time and high

Exposure time

/4

ground resolution

=

LANDSAT-8 (2,780kg)
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Orbit Demonstration Results §

Multispectral Observation

First Light
Sendai (2019/5/30), True Color Composite

« B[R -IE TR N NERA
+ 443, 490, 555, 670, 710, 765, 869, 910 nm

2019/05/30 00:09:28 ~ 00:19:02 UTC

KO EAFHEO T (1H2) D BCCEERK - B HEBREREZEAL-OENS
et i SRR O EBEEMERMEE

Hh 3% DIRAE (L LB & (LR s ) . o
¢ . BE FOGHEEEES LD DB A




Example of Multispectral Image Acquisition Sequence

4 sequential image acquisition in two separate LCTF channels

wr)

GSD: 3.7m, Exposure Time: 30 msec
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“First Light” Scenes of RISESAT HPT
Target: Sendai, Japan

RISESAT HPT (true color)

‘acu

\«“1 2V A
*s7 VL

500 m
True color False color
R: 670 nm (Red) R: 869 nm (NIR)
G: 555 nm (Green) G: 670 nm (Red)

B: 490 nm (Blue) B: 555 nm (Green)




Our Scope of Scientific Missions

Scientific Missions

Multi-spectral Earth Observations
* Agriculture
* Forestry
* Fishery

Four-band Global Ocean Observation

Space Radiation In-situ Measurement with RIMEPIX
Detectors

Lightning Event Observation

Meteorological Phenomenon Observation

Earth Upper Atmosphere Aeronomy

Atmospheric Scintillation Observation (Optical Com.)

Debris Observation

* Space Bioscience Experiment
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R&D Activities $

Space Education and Regional Collaboration §
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Space Education through Collaborative Researches

Philippines’ Example — DIWATA Projects
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Micro-satellite DIWATA-1 Project




Micro-satellite DIWATA-1 Project

Deployment from the ISS

YYYIRYTYS



DIWATA-1 Multi-spectral Images

Thumb Peak

Honda Bay

Image Details

Sateliite: Diwata-1

Sensor: SMI

Date of Acquisition: Dec 21, 2016

Time of Acquisition: 08:06:37 - 08:07:06 PHT
Ground Sampling Distance: 60 m
Field-of-View: 29 x 39 km

Center coordinates: 9.3264,118.2818
Maximum Image Length: 204 km
Number of Images: 24

Bands: 490 nm, 550 nm, 680 nm, 740 nm
0 10 20 40 60 80

Bosemap sources: PRilGIS, DIVA-GIS
=

km

Bcsemap sources: PhilGIS, DIVA-GIS

Space-borne Multi-spectral Imager (SMI)
Palawan, Philippines - Dec. 21, 2016

http://newsbytes.ph/2017/03/06/photos-diwata-1-micro-satellite-captures-images- of-snted palawan -areas/ | @ PHL-Microsat Team

=
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International Collaboration

Asian Micro-satellite Consortium

* International collaboration for establishing micro-satellite constellation for multi-
spectral observation with collaborative operation and data sharing .

* More than ten Asian countries are being involved.
Asian Micro-satellite Consortium




R&D Activities $

Collaboration with Industrial Partners §
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Space Debris: Post Mission Disposal

De-orbit Sail — Nakashimada Engineering Works, Ltd.

De-orbit Mechanism
for sustainable sp
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Space Debris: Post Mission Disposal

Electrodynamic Tether — ALE Co., Ltd. / JAXA

W«
Electron ~ [ N\_ CNT cathode
G N
EDT
ICurrent

(ElectroDynamic Tether)

Earth’s magnetic field

‘—
. ~
& ~ “% %
( » \\ X CNT cathode
| \ﬁ . N \ (Carbon nanotube cathode)
Satellite N\ N \
e = ——-_3)
_ . = { \ ~
- 'V TR
) b e © ALE
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Space Entertainment

Artificial Shooting Star

ALE Project

- Artificial Meteor
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R&D Activities $
UNISEC Japan and Global 7
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- UNISEC Academy -

Satellites Born From UNISEC Activities

Sters-AQ H

e Shizuoka Univ.
¢ Oct 29,2018
< \ 4 >

\

NEXUS I

Nihon Univ.
Jan 18,2019

MicroDragon
Univ. of Tokyo
Jan 18,2019

FREEDOM
Tohoku Univ. AOQVA-Veloxlll

Nakashimada Engineering Works, Ltd, Kyushu Inst. of Tech.

2 WASEDA-SAT3
gﬁéﬁig%niv Waseda Univ. Dec 9, 2016 (Launched) Dec 9, 2016 (Launched)
Sep 23,2018 . TE-2 & Dec 9, 2016 (Launched) Jan 16,2017 (Deployed from 55) Jan 16, 201‘7 (Deployed from 155)
' %’su-kuba Ui Jan 16, 2017 (Deployed from ISS) -
Jan1

Uguisu I

Kyushu Inst. of Tech.
Apr 17,2019

TRICOM-1
Univ. of Tokyo

N

5,2017

Toki

Kyushu Inst.of Tech.

RWASAT-1
Univ. of Tokyo
Sep 24, 2019 (Launched)

Nov 20, 2019 (Deployed from ISS)

Shizuoka Univ. ARTSAT2.DESPATCH
Dec 9, 2016 (Launched) . PROCYON SHIN-EN2 Tama Art Univ. and - un 2017
Dec 19, 2016 (Deployed from ISS) . = ChubuSat-1 Univ. of Tokyo gyus;uzl&s‘tt. of Tech. fu" FTokyo N a/‘ TRICOM-1R
SAT-EOS Nagoya Univ. et al. Dec3,2014 ¢ Dec 3,2014 $-CUBE e or
i QSAT-EOS Nov 6, 2014 e Chiba Inst. of Tech. Feb3,2018
= Kyushu Univ. ) and Tohoku Univ.
TSUBAME Nov 6,2014 3 Sep 17,2015 !
Tokyo Inst. of Tech ' ChubuSat-2
HODOYOSHI 1 Nov 6,2014 r\;a%oly; lzJS;\é etal.
Univ. of Tokyo « ‘h il . €l
Nov 6, 2014 ) =5 o, oo ITF-1 TolkyoSat3—spROUT____ fEil{e3
_ Tsukuba Univ. Yooy, NihonUniv. — gRRk i HORYU-IV
Osaka Prefecture Univ. pope™9014 Feb 28,2014 May 24,2014 May 24, 2014 UNIFORM-1 Kyushu Inst. of Tech
ARTSAT]:INYADER  Feb28,2014 ¢ ! Wakayama Univ. et al. sz 17 2016 ’
2 TamaArt Univ. and Univ. of Tokyo PR _June 19,2014 !
KSAT-I Feb28,2014 - ‘ ?
Kagoshima Univ. 7} s 1
W hag HODOYOSHI 3
Feb 28,2014 [ )" i Univ. of Tokyo
START-II e, UNITEC-1 WASEDA-S{\TZ Negal‘})ff' KSAT June 19,2014 HODOYOSHI 4
Kagoshima Uniy. ' UNISEC Waseda Univ. Soka Univ. _ Kagoshima Univ. HORYU-II Univ. of Tokyo

Feb 28,2014

SPRITE-SAT
Tohoku Univ. Jan 23,2009
Jan 23,2009

PRISM

Tokyo Met. College Of
Industrial Tech.

May 21,2010 May 21,2010

U

May 21,2010  May 21,2010

%

Kyushu Inst. of Tech.
May 18,2012

PROITERES

Osaka Inst. of Tech.

Sep 9,2012

June 19,2014

RAIKO

Univ. of Tokyo ( | . Tohoku Univ. and
F--1 Jan 23,2009 . Wakayama Univ.
9 Cute-1.7+APD SEEDS (FM” S July 21,2012 (Launched)
3 3 XI-v Tokyo Inst. of Tech Nihon Univ. HIT-SAT ™ Oct 5 2012 (Deployed from I1SS)
STARS (KUKAI) ) Univ. of Tokyo ' " Jul27,2006  Hokkaido Inst. of Tech. .
Kagawa Univ. CUTE % Octa7, 2008 Fep2.2006 Hokkaido University e
Jan 23,2009 Tokyo Inst. of Tech. ' Sep 23, 2006 SEEDS (FM2) Fukuoka Inst. of Tech.
' June 30, 2003 m Nihon Univ. Oct 5,2012
i AV NS¢ 4 Apr 28,2008  Cute-T%+APDII
Univ. of Tokyo D € viversity Spec agineeing Corsriom Tokyo Inst. of Tech.
SN0, 2008 Apr 28,2008 49,2017 © Universiy Spoce Engineseing Consorhum. Allightsreserved
Toshinori ahara, UNISEC Global Meeting #3 =,:'/ Ec

Uaiversity Space Engineering Consortiom

o
P .

JAPAN

UNISEC Japan Starts Playing a Role in Mission Assurance §



Accumulate Best Practices and Encourage Competitions

CanSat J-E0H 1
= A gﬁ\
” i

WL KPR T - s -~ » ’ >
Ll |I.t H’ . i o= & S 2
> (> < 7 JII 5 L ’(

rEpth | BEERE]  [vq4o09 9 EIRAM) IATHEEDCS r - " &
NBLA (20045 FME) RAASRDDMEMRTF —L (B) —BANLITLEFET—) o Al BENT  [Eth | B EEE-205
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Inventive Ideas for Micr /l no-Sateliites

The MIC3 Re| tition (DDC)

NGVEIIDEZS for'NarjosateHite
(GonStelationgVIiSSIons

INNOVATIVE IDEAS ON

[a—T Y INovel Ideas for Nanosatellite Innovative Ideas for INVENTIVE IDEAS FOR
JBL A (20058 T42FLv) Constellation Missions Micro/Nano-Satellite MICRO/NANO-SATELLITE MICRO NANO-SATELLITE
Missions s 2013 THE MIC3 REPORT (20174, IAAHHR)

(20124 . IAAH
F ) IAA Book Seriesx (20155 IAAHR)

2020/11/14 Toshinori Kuwahara, UNISEC Global Meeting #3



https://shop.iaaweb.org/sites/default/files/styles/uc_product_full/public/2012-08-08-Vol.1%20No.1-Small%20Satellites%20-Blue-vignette.jpg

Future Plan

Personal Objectives

Broaden the scope of research including the Moon, planet, and deep space
exploration.

Improve the technology level of domestic CubeSats and Micro-satellites to and
improve the success rate of academic space missions, as well as to enhance
NewSpace businesses.

Provide international space educations and share practical experiences to turn out
top space engineers for the world’d future space development, utilization, and
exploration.

UNISEC Japan Vision

1.

Setting new frontier development goals and promoting the practical
development, utilization, and exploration of space

Enhancing cooperation in space engineering technologies
Assuring the level of space technology

http://unisec.jp/unisecen/presidenten.html




Thank you very much. :
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