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International University Space Community
UNI SEICobald

Forum Lonferences

28 Local Chapters,
Points of Contact in 70 countries/regions
200+ University, 12 Corporate Members
UN COPUQOS Permanent Observer (2017-)
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AR Study Report A Handboo
gst-Mission Disposal of Satel
less than 100kg. .

http://unisec-global.org/



Dawn of
Micro/nano/pico-satellites
(example of Japan)

From CanSat to CubeSat
1998 2003



Japanese nlnitial P
University Micro/Nano/Pico-Satellite Activities

Various projects by many universities and stgrtcompanies

2003.6 The world first

2002 | UNISEC
(JAPAN)

2001

2000
CanSat(1999) Suborbital(4km)expert

1999 : : :
mentof quasireal satellites. Real operation

1998

USSS University Space Systems Symposium: 4998
1003 | Real satellite projects formed by Jaga8 students

Satellite Design Contegl993) 1st step paper work traiping




Satellite Design Contest (1993 )

A Contest on mission ideas and satellite design for 50kg
(or less) class satellites
i Wecelebrate 339cont est this year é. Na

A fidea categoryd a Dedignftategoryo

-

A No real hardware, but students/professors worked very
hard to win the competition

A They could learn a lot knowledge and know-hows
towards actual satellite development

AStrong motivation came froc
universities
I Tokyo Inst. of Tech: 7 wins Tohoku Univ: 6 Tokyo Univ: 5

A Basic knowledge of satellite design can be obtained.




1S Symposium
1cepts were born here
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Birth of CanSat at 1st USSS 1998

Initial Concept: launch all the CanSats and
operate them in next USSS (one year later)

NLet d6s make a sat«lalni tté oout o)
Prof. Bob Twiggs, Stanford University



Changed to Suborbital Launch

A (at Stanford, April 1999)
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Initial Training for
satellite developmen
- ey | CanSats 1999 now
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The First Launch of CanSat In USA
(1999)

Just before memorial
1st CanSat Launch on
September 11,1999

Myself 26 years ago !




Rocket Launch 1 n Nevada dese

Maximum 1kg payload is to be launched up till 3.6 . Various

experiment can be conducted during descent for 15-20 min.



ARLISS (A Rocket Launch for International

Student Satellites)
- Annual suborbital launch experiment in USA

ARLISS 1999 Sept. 11 (Japan:2, USA:2)

. Univ.of Tokyo, Titech, Arizona State, etc.
ARLISS 2000: July 28-29 (Japan:4, USA:3)
ARLISS 2001: August 24-25 (Japan:5, USA:2

ARLISS 2002: August 2-3 (Japan:6, USA:3)

ARLISS 2003: Sept.26-27 (Japan:6, USA:3)
ARLISS 2004: Sept.24-25 (Japan:6, USA:3)
ARLISS 2005: Sept.21-23 (Japan:7, USA:3)

UNISEC is
half year
before this

TR e

el

ARLISS 2006 Sept.20-22 (Japan:8 USA:3 Europe:1) «-B . BY
ARLISS 2007 Sept.12-15 (Japan:10 USA:3 Korea:1) 8

ARLISS 2008 Sept.15-20: 10" Memorial ARLISS ! —

<

ARLISS 2016 18"  Japan:12, USA:2, Korea, Egypt)

ARLISS 2017 19 Sept.13-17 (Japan:13 USA:2
ARLISS 2018 20t Memorial ! --- ARLISS 2025

Kore
2 5th




Birth of University Space Community (2002):
UNISEC(UNIversity Space Engineering Consortium)

A Founded in 2002, obtained the legal status in 2003

a2
A Now having 48 laboratories from 36 universities, = @

I 699 students, 270 individual/company members \/V_‘)\/
A UNISEC Missions: e NISEC

I Education and human resource training for space
development and utilizations

Il nnovati ve space technol ogy

A Activities to be Supported:
I Joint experiment, joint development, joint education, etc.
I Workshop, symposium, technology exchange, etc.
I Consultation on legal matters (frequency, export law, etc.)
|
|

AUNI SEC Lecture @ f:fwwkenlec.jp
"Finding Arivalso within the



New Motivation: Comeback Competition

ARLISS2001 PROJEC
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Failure Is also an Education

Parachute and main body were separated and
the maln body Crashed on the ground (2000)

Students can learn many thlngs from fallures

Engineers should experience failures while the
project size is small



Opening Ceremony and Briefing (September 10, 2018)
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More than 140 students participated in 201" ARLISS



Importance of CanSat Launch Experiment

ANot fdAorbital sinslarenwitonment.b u
I Once launched, it cannot be touched ( i nroenp ai r a
I Harsh environment (vibrati«

A Can develop small satellitesi by handso

I Components can be developed by ourselves, leading to
deep knowledge of the satellite systems

I How to miniaturized, how to make it reliableé
| Systems engineering and project management required

A Low cost and short time required for one experiment

| want to make ARLISS more
highlighted international competition.



CLTP CanSateducation) History & Participants

CLTP1 (Wakayama Univ. in Feb -March, 2011) =
12 participants from 10 countries, Algeria, Australia, Egypt,
Guatemala, Mexico, Nigeria, Peru, Sri Lanka, Turkey (3), Vietnam.
CLTP2 (Nihon Univ. in Nov -Dec, 2011)

10 participants from 10 countries, Indonesia, Malaysia, Nigeria,
Vietnam, Ghana, Peru, Singapore, Mongolia, Thailand, Turkey.
CLTP3 (Tokyo Metropolitan Univ. in July  -August, 2012)
10 participants from 9 countries, Egypt (2), Nigeria, Namibia,
Turkey, Lithuania, Mongolia, Israel, Philippines, Brazil.

<2013~ iCanSat Kit: CLTP4 -7>

CLTP4 (Keio Univ. in July -August, 2013)

9 participants from 6 countries, Mexico(4), Angola, Mongolia, The
Philippines, Bangladesh, Japan.

CLTP5 (Hokkaido Univ. in Sept, 2014)

7 participants from 5 countries, Korea (2), Peru, Mongolia,

Mexico (2), Egypt.

CLTP6(Hokkaido Univ. in August, 2015)

8 participants from 8 countries, namely Angola, UN(Austria), New
Zealand, Tunisia, Turkey, Egypt, Bangladesh, Mexico

CLTP7 (Hokkaido Univ. in Sep, 2016)

8 from 7 countries, namely Egypt, Myanma«
Peru, Nepal (2), Mongolia, Serbia, UNISEC has been

training to the world




CLTP CanSateducation) History & Participants

<2017~ HEPTA-Sat Kit: C LTP8-13> 159 participants

CLTP8 (Nihon Univ. in Sep, 2017) from

9 from 7 countries, namely Bolivia, Egypt, El Salvador, Malaysia, Nepal, Turkey 60 countries
CLTP9 (Nihon Univ. in Aug, 2018)
8 from 6 countries, namely Argentina, India, Japan, Malaysia, Mongolia, UAE
CLTP10 (Nihon Univ. in Aug, 2019)
15 from 11 countries, namely Australia, Bhutan, Bulgaria, Cambodia, Colombia, | 1U CubeSat Shape
Kenya, Morocco, Myanmar, Peru, Rwanda, Zimbabwe AHe pptaga 0 pr
CLTP11 (Nlhon_Unlv. in Aug, 2022) | | | | excellent training
21 from 14 countries, namely Bangladeshi, Bosnia, Colombia, India, Kazakhstan,
Kenya, Malaysia, Mexico, Mongolia, Nepal, Peru, Philippines, South Africa, Thailandg
CLTP12 (Nihon Univ. in Aug, 2023)
17 from 13 countries, namely, Bangladesh, Burkina Faso, Colombia, Egypt, Eritrea,
Philippines, Indonesia, Kazakhstan, Namibia, Nepal, Taiwan, Zambia, Zimbabwe
CLTP13 (Nihon Univ. in Aug, 2014)
10 from 7 countries, namely, Bosnia and Herzegovina, Croatia, Egypt, Ethiopia,
Netherlands, Nepal, United Kingdom
CLTP14 (Nihon Univ. in Aug, 2025)
15 from 12 countries, namely, Australia, Bosnia and Herzegovina, Dominican Republic,
Egypt, India, Kenya, Nigeria, Oman, Philippines, Tanzania, United Arab Emirates, Uganda
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XI-lV° 1U Cube SHItVd
2003.6.30 Launch 2005.10.27 Launch



Jordi and Rainer and
other famous researchers s
joined in Tokyo .

EfECubeSat
IR IIL :
@) MEE L FEHET B

The First International CubeSat Symposium

- SmalliMicro/Nano Satellites and Space Demonstration - Intern ati on aI Cu b eSat
P IE | Symposium 2003.3
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(Three months before launch)
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Search for Launch Opportunity

- S?ndlng Many Letters - ROCKOT

2

=UnOP=,

Launch Vehicle Provider

™= [\ rockot .

® U of Tokyo

other Separation System Developer r—
satellites y
60kg y

i
i CubeSat Developer f

- Standford Univ. -
I+l U of Toronto _ ‘
mmm Aalborg Univ & Upper st agEMoO

Denmark T released 8 satellites

® Tokyo Inst. Tech.
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Launch of the World First CubeSat
(XI-1V, CUTE-1 ) by ROCK

2003/06/30 18:15:26 (Russia, Plesetsk)




22-years In space
- CMOS camera Images -




Key strategy to launch world first CubeSat

A No components on web-site for developing CubeSat
I Everything should be internally-made

A No ground test facilities in our university
A We have only little money (30,000 USD)

A Key strategies employed in our first CubeSat

I Find out and pursue what we can do within our limited
resources, not aiming at supreme level

I Find outside supporters (technical, part donation)
I Implement survivability as much as possible

AARKI SS (Keep it Simple St
éstart fwverygverysimpleyCubeSat




Structure

Powersystem

PWR5V

XI-IV System

OBC
OBC-system TX-system
C-DCDC wY
\‘r
ROM > TXTNC > TX O
Analog SW
E-DCDC |msiapy TLM
TLM
CWRX-system Y
TX-DCDC
OBC CMD
: RXTNC <1 RX
ACK
TMm
CITEITEE CW GEN {cw
Circuit
Solar Cell Important Analog
Antenna Latch Sensors

Battery

Analog Sensors




Structure PWR5V XI-1V SySte m
—-oooo_——————_—_—_—_—_—

Powersystem |
Satell i tedos Key Teclh
Nnarmrepalrabl e sy @E
How to realize a certain level of reliability within | w0
limited resources (size, weight, power) ??
OBC y
beDe _~'| . ! DCWRX—system Y
< RXTNC <1 RX
nNDi e Hardo system I s eg|
|: - Mutual monitoring or hierarchical monitoring
- -AfReset (-popyweropéfation

- Solar power generation possible in any attitude
- Under voltage control (UVC) and recovery from
dead battery situation 2109
B -Appropriate definition of
=iii Poarey L0 Ll bR

Solar C
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60+ university satellites launched in 2003-2023

MicroDragon
Univ. of Tokyo
Jan 18,2019

Sters-AOﬁ e

Shizuoka Univ.
Oct 29,2018

WASEDA-SAT3
Waseda Univ.

Dec 9, 2016 (Launched)
Jan 16, 2017 (Deployed from ISS)

ITF-2 =

‘ Tsukuba Univ.
LA Dec 9, 2016 (Launched)
“‘ 3 ‘ Jan 16, 2017 (Deployed from ISS)

FREEDOM
Tohoku Univ.

Dec 9, 2016 (Launched)
Jan 16, 2017 (Deployed from ISS)

AOVA-Veloxlll

Nakashimada Engineering Works, Ltd. Kyushu Inst. of Tech.
Dec 9, 2016 (Launched)

Jan 16, 2017 (Deployed from ISS)

NEXUS
Nihon Univ.
Jan 18,2019

T

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

Nov 20, 2019 (Deployed from IS5)

N
>

TRICOM-1 \\
Univ. of Tokyo =%
Jan 15,2017

STARS-C 9% TRICOM-1R %
Ak, S W, e Univ.of Tokyo -
ahizolm Unh, EEE SHIRLERD ARTSAT2:DESPATCH Feb3,2018 | m\
Dec 9, 2016 (Launched) g PROCYON Tama Art Univ. and 2
3 Kyushu Inst. of Tech
Dec 19, 2016 (Deployed from 1SS) : ChubuSat-1 Univ. of Tokyo Dec 3,201 4‘ " Univ. of Tokyo STARS-Me
g QSAT-EOS Nagoya Univ. et al. Dec 3,2014 ! Dec3,2014 - Shizuoka Univ:
’ ' . Nov 6, 2014 o Chiba Inst. of Tech.
SRR Kyushu Univ. ‘ b A Sep 23,2018
4 ) , hy and Tohoku Univ.
TSUBAME Nov 6,2014 Sep 17,2015 i ;
Tokyo Inst. of Tech . ' ChubuSat-2
HoDOYOsHI 1~ ov6 2014 LR 3 - e
Univ. of Tokyo G L TeikyoSat-3 . »ﬁ eb 17,
Nov 6,2014 = ITF-1 : - : - RISING2 b
. OPUSAT Tsukuba Univ. Teikyo Univ. Nihon Univ. Tohoku Uniiv : ORI
p Osaka Prefecture Univ. o758 5014 Feb 28,2014 May 24,2014 May 24, 2014 UNIFORM-1 Kyushu Inst. of Tech
ARTSAT1:INVADER Feb 28,2014 4 . < e Wakayama Univ. et al. Y p '
\ Tama Art Univ. and Univ. of Tokyo ; \0 June 19, 2014 Feb 17,2016

KSAT-i -~ Feb 28,2014 a

: o 7
.~Kagoshima Univ. { <

\E

g HODOYOSHI 3

Feb 28,2014 [ ' i Univ. of Tokyo
e & KKS-1° UNTECHIRC WASEDASATZ o Nedalit”. - ks | June 19,2014 HODOYOSHI 4
bagodhine nie Tok)-/o Met. College Of UNISEC \,{AVase2d1a %‘1"6’ aoka Uniy. KagosWima Univ. HORYU-I - Univ. of Tokyo
keb.28.201 4‘ SPRITE-SAT  Industrial Tech. May 21,2010 g May 21,2010 May 21,2010 kyushu Inst. of Tech. June 19,2014
4 Tohoku Univ. Jan 23,2009 May 18,2012 PROITERES
Jan 23,2009 - ) Osaka Inst. of Tech.
PRISM SR . ‘ Sep 9,2012  RAIKO
Univ. of Tokyo [ i Tohoku Univ. qnd
5~ Jan 23,2009 4 : g Wakayama Univ.
- Cute-1.7+APD SEEDS (FM” > July 21,2012 (Launched)
g X XI-V Tokyo Inst.of Tech, NihonUniv. HIT-SAT Oct 5, 2012 (Deployed from 55)
STARS (KUKAI) e Univ.of Tokyo  Feb 22, 2006 Jul 27, 2006 :ottaigo Inst. of Tech. S
Kagawa Univ. i Oct 27,2005 okkaido University
Ja,? 232009 Tokyo Inst. of Tech. Sep 23, 2006 SEEDS (FM2) Fukuoka Inst. of Tech.
, Nihon Univ. Oct 5,2012

i June 30, 2003
XV
Univ. of Tokyo
June 30, 2003

|
" 2 UNISEGC
L

University Spoce Engineering Consartium

Apr 28,2008 Cute-1%+APDII
Tokyo Inst. of Tech.
Apr 28, 2008

Human resource training, technologies development, start-ups



Rapid Growth of
Micro/nano/pico-satellites

From Education
to Real Missions and Business
2003 Present

32



| , . B 2
~Educa‘gg,n' Remote sensing Telescope Weather Bio-engineering

OPUSAT(1U:1kg) AeroCube(1.5U:2kg)  AAReST MiRaTA(3U) BioSentinel &t EI % (6U) BZEARR(3U)
XI-IV(1U:1kg)  Dove,Flock(3U:4kg) MicroMAS (3U) SPORESAT (3U: 5.5kg) Sunjammer

Rendezvous/ communication ~ Space Science Atmosphere  Exploration ngh Resolution.

docking #5338 {2 - ISARA (3U) RACE (3U) (AT~ 3EF5H) LWaDi(6U) SCOUT(50kg)
INSPIRE (3U) B %5815 - AISSAT-1(6kg) FS-7(3U) NEMO-AM (15kg) CAT(3U) Skysat (120kg)

Active players: University and venture companies
Government (USA, ESA, Canada, etc) invested lot of fund to this field.




Nakasuka Intelligent Space Systems Laboratory 16 . 3

Funase Lab. The University of Tokyo s I i
s Capacity = N faunched soon

'~ W~ “MBuilding » MicroDra Oﬂ’ 19 140

I XHV 'E . ? { Isuppor o \ Y ears of In-orht Stmﬂn\zmmd

I (2003) Ed |On ‘ In operation I @m )
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l ﬁlM"lR / RWASAT"]. \ Ind of operation (Pyears) -

| I | (2618). / | (2019) \ Collaborator: JAXA

| Ehd of operation (0.5 years) ||, operation (1 years) [ . ;

| Collaborator:JAXA | Cpllaborator:Rwanda

|

I |

X 5. 7

A <{/ /| EQUULEUS 2022) [

N / / I will be launched in 2021 |
. 7’

‘ |

|

; * 0 L Collaborator: JAXA
AQT-D (2019) 16-Satellite Zzazo) RPoce %
(S
In operation (1 years)? In operation EXplOI’athn "/
Collaborator- UT-spL | CoIIaborator TOCOG JAXA -' = R R R

Next-Generation 202 3)

SRRy,

2 echnol iy . .su CubeSat |
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Micro.sat el | 1Tt e nHodoy20kih

: Satellites, components, =
L ow cost HCI’_d?’I_C:Sh" infrastructure with z
reliability : »

supply chain high competitiveness T
network Low-cost, g
Quick, Human &
Development Process Practical level 'I?;?r?i%ge §
Miniature § . c_/)h
components | = _ Promotion 8
W) =1 2
Advanced CBD g Ground Station O
components = D
P S g [Standa- | S
Optical system, & = _(I_Brognd rdization] S
Image o = esting 2
processing S D
Personal use -
Novel missions a
Novel Missions Demo. Foreign Customers =
Mission creation New utilizations §
Space science New Players =.
mission : : . N ~ | P

Rel i abi | i HogdoydsSluwonJage obd , i 35

Good Enough ) was created and demonstrated.




Hodoyoshi-3 and -4 by Univ. of Tokyo (2014)

Low cost and affordable micro-
satellites (50-60kg) to be developed
within $3M and 2 years

LI Size: 50x50x800m 60kg Downllnk 10- 20Mbps Power: max 1OOW average 50W
g Attitude Control Capability:
Q '. - Stability 0.08 deg/s (Roll, Pitch) 0.8 deg/s (Yaw) -
'@ - Pointing accuracy 0.2 deg 2 deg 36
- Determination accuracy 0.0048 deg 0.048 deg
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