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Micro/nano/pico-satellite
leanSatell 1 teo

Micro-satellite: 20-100kg
Nano-satellite: 2-20kg
Pico-satellite: 0.5-2kg

Japanese Governmental Satellites
ALOS-1:4ton ASNARO: 500 kg
Kaguya: 3 ton Hayabusa: 510 kg
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Motivation of Smaller Satellites
Current Problem of Mid-large Satellites
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Introduce more varied new players into space. 1-5MS$




Education Remote sensing Telescope Bio-engineering
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Rendez.vous/ Communication Space Science Atmosphere Exploration High Resolution.
docking 5523818 ISARA (3U) RACE (3U) (AR EFHH) LWaDi(6U) SCOUT(50kg)
INSPIRE (3U) {E 3% {8 - AISSAT-1(6kg) FS-7(3U) NEMO-AM (15kg) CAT(3U) Skysat (120kg)
Uni versty/ venture companiesoOo i nnovat

<10M$ < 2years < 100kg, education, constellation of many satellites



Features of Micro/nano/pico-satellites

AVERY low cost (from >100M$ to <5M$)
ifLeads to new missions,
I Introduce new users (companies, countries..)
I Can be an educational tools
I Can be very challenging
A Short life cycle (from >5 years to <1-2 years)
I One cycle possible during university years
iMore 1 terations (from
i Early return of investment (good for business)
A Simple and transparent satellite system
| Easy to design, operate and trouble shoot
I Each team member can see the total system



Educational Significances of
Micro/Nano/Pico-Satellite and CanSat Projects

Practical Training of Whole Cycle of Space Project

Mission conceptualization, satellite design, fabrication,
ground test, modification, launch and operation

Know what is important and what is not.

Importance for Engineering Education
Synthesis (not Analysis) of an really working system
Feedbacks from the real world to evaluate design, test, etc.
Learning from failures (while project cost is small)

Education of Project Management
Four Managements: Alime, human resource, cost and risko
Team work, conflict resolution, discussion, documentation
International cooperation, negotiation, mutual understanding

The effects were found more than expected !!
Also contribute to other technological areas !!




University Satellites in Japan

37 university satellites launch

ed in 2003-2015
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From CanSat to CubeSat, Nano-Satellite
From Educational purpose to Practical application



Launchers for 37 university satellites

A Foreign Rocket: 12

I ROCKOT Russia 2 (2003)
i COSMOS Russia 1 (2005)
i PSLV India 3 (2008, 2012)
i DNEPR (Russia) 6  (2014)
A Japanese Rocket: 25
I M-V 2006
i H-IA 17 2009
I HTVK ISS deploy 6 2012

JAXA has been helping us for our activities!!



RAIKO, FITSAT-1 first deployment from ISS (2012.10)



What is the special features about

space systems? -
A satellite cannot be contacted until the end of its

mission once it Is loaded on a rocket and launched
FfANemmai nt ai nabl e systemo

A Sometimes it should survive in space for more
than 5 years without any human interactions, so
Carefully consider how to survive in space !!

A Imagine all possible events and anomalies which
may happen on satellites and prepare
countermeasures for them as many as possible

A Focus on power system and communication
system: to make It survive In any circumstances

ADono6t skigoudestsui r ed
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CubeSaltVin(X$al T

Mission:  Pico-bus technology demonstration in space, Camera experiment
Developer: University of Tokyo
Launch: ROCKOT (June 30, 2003) in Multiple Payload Piggyback Launch

Size 10x10x10[cm] CubeSat v
Weight 1 [kg]

Attitude control  Passive stabilization with
permanent magnet and damper

OBC PIC16F877 x 3
Communication VHF/UHF (max 1200bps)

amateur frequency band
Power Si solar cells for 1.1 W
Camera 640 x 480 CMOS
Expected life time ?7?




Structure

Powersystem
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Launch of the World First CubeSat
(XI-IV,Cute-l and ot her s)

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

Project Manager
of Hayabusa-2




Surviving 13+ years with 500+ plctures downlinked




XI-1V is still perfectly working ovor !
after 13 years in orbit sev'\ao\w 1
Recently Downlinked Photos %€




2000 We started 1 n

A No components on sales for CubeSat
iEverything s hnaud edo bbey fioh
A No ground test facility in our university

Please find out what you can do with your
small money or not-so-good facility
- Please find out the persons who know how

to do and who are willing to support you
I'We donot K now how to f

TWe donot K Now how we cCa
TWe donot K NoOowW how we Ca

A But we could take much time to think & test




CubeSaV nXali

Mission: CIGS solar cell demonstration, Advanced camera experiment
Developer: University of Tokyo

Launch: COSMOS (October 27, -E2XPORRBES S od
Size 10x10x10[cm] CubeSat
Weight 1 [kg]

Attitude control  Passive stabilization with
permanent magnet and damper

OoBC PIC16F877 x 3
Communication VHF/UHF (max 1200bps)
amateur frequency band

Power Si, GaAs, CIGS cells
Camera 640 x 480 CMOS
Mission life > 5 years
sséTlE!( ELPOD deployment
I £ JAXA/NEDO CIGS

Solar Cells
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Deployed from
SSETI-EXPRESS
in space




Jntell, ysterns Laboreory,
P R I S M 1 I I . t . ISSL

Mission: Earth Remote Sensing (20 m GSD, RGB) with Deployable Boom
Developer: University of Tokyo
Launch: H-1IA (Jan 23, 2009) Piggyback with GOSAT (CO, monitoring sat)

W
Size 20x20x40[cm] in rocket 6“ " Antennae
20x20x80[cm] in space }/
Weight 8.5 [kq]

Attitude control  3-axis stabilization with
Sun, Magnet sensor, MEMS gyro
magnetic torquers

OBC SH2, H8 x 2, PIC x 2
Communication VHF/UHF (max 9600bps) Flexible telescone
Mission life > 2.5 years ;

Solar cell panels / '

Kita-Kyushu (Japan)  Wide Angle Camera

6

N




PRISM
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Photos of The Nile River

WAC(Wide
Angle
Camera)

NAC(Narrow
Angle
Camera)



Important Tips for Development

ATarget |l evel (fimissic
I Stepping up from Low/simple to High/complex

I Transfer technology/experiences to next step

I You can find highlight in even simple satellite

Ki'to -madaeadel f

Kit Is very good to quickly get orbital results
ABut cannot understand the

inSeaerdafdeo wi | | get deep

I Please find good combination of both strategy
ADondét think it an ea-c

I 100,000 man-hour were required for XI-IV

To
= - —



Vision on
Applications to Space Science
and Exploration



Space Science and Exploration
- Japanese Missions and Players -

Size(kg) Project Examples
gory

>500 Mid- JAXA Science:  Ginga, Akari, Suzaku, Hitomid
large Exploration: Hayabusa & 2, Kaguya, Akatsuki--
100-500 Small JAXA Science: Hisaki (2013), ERG (2016) ----
Engineering: Ikaros (2010)
20-100 Micro JAXA Science: Reimei (Index, 72kg, 2005)

University Nano-JASMINE(38kg, 2017), RiseSat (2018)
Exploration: PROCYON (58kg, 2014)

2-20 Nano University Science: CUTE-1.7+APD Il (3kg 2008)
Exploration: ECUULEUS (6U EM-1 2018)




U T 0 8 Satkllite:Nano-JASMINE €=

Mission:  Astrometry (Getting precise 3D map of stars and their movements)

Developer: University of Tokyo, National Astronomical Observatory of Japan,
Shinshu University, Kyoto University

Launch: Initially CYCLONE-4 was planned but changed to another launcher

Size 50 [cm-cubic]
Weight 38 [kq]
Attitude control  3-axis stabilization with

Star, Sun, Magnet sensor, FOG,
RW, Magnetic torquers

OBC FPGA
Communication S-band 100 [kbps]
Mission life 2 [year]

Special features:
-Attitude Stability 0.8 arcsec for 8.8 sec
-Thermal Stability < 0.1K (at -50 degree)
-Map Accuracy Compatible with

AHI pparcoso
-Telescope two CCDs with TDI




NJOS NASsStr omet

A Mission

I Estimate 3 Dimentional positions of stars
and their movement

IDemonstrati on f or nJdAS

goeth A Attitude stabilization
740 m-arcsec /8.8s
A Temperature

1 500, 0.1
stability

Star position determination by -Long exposure time required.
- Two telescope angular separation
Annual Parallax should be kept constant.



Japanese group is promoting series of space astrometry

mi ssions, pPiAgMaAMmBE, I n 1 ntern
with Gaia DPAC te ' plementary roles
of Gaia.
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50kg-c | ass deep FRGCYE@NO

(PROCYON: PRoximate Object Close flYby with Optical Navigation)

Developer: Univ. of Tokyo and JAXA (Japan Aerospace Exploration Agency)

Launch: H2A rocket (together with Hayabusa-2 asteroid explorer, 2014 Dec.)

Mission: Demo. of 50kg deep space exploration bus system (nominal mission)
Asteroid flyby observation (advanced mission)

flyby #2 <Asteroid close flyby observation>

flyby #1 High resolution asteroid observation enabled by
(2016/01~) onboard image feedback control  of scan mirror

7 IS _  LOS (Line of sight)
(TBD) Y Flyby velocity / N;omrm
* > afew km/s !

Close flyby
(altitude:~30km)

LOS (Line of S|ght)
control
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Launched (2014/12
together with Hayabusa?

_ Used Hodoyoshi compo
asteroid explorer)

Developed within 1.2 years




Earth photos captured from
deep space by PROCYON

0

2015/11/08
@ 11,000,000
kmaway  2015/11/16
@ 8,000,000
km away
2015/11/18
@ 6,800,000
km away
2015/11/23
@ 5,200,000
km away
2015/11/29
Photos taken by PROCYON at @ 3,300,000 km away

close encounter of Earth in 2015/12
(one year after launch)
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EQ U U L E U S One of 13 EM-1 CubeSats

\ E(‘QUiIibriUm Lunar-Earth point 6U Spacecraft

Sun-Earth rotating, Earth-centerd

DV2 Earth-Moon L2

libration orbit

. Aﬂ

Mission to Earth Mooﬁ'grang(? Po‘i‘ht,,

t .
Wntelligent Space,Systems Laboratory, 21016/08/01




Spacecraft Overview

Solar Array Paddles

Sun Sensor

Extra Ultra Violet
Plasma Imager
Lunar Impact

Flash Camera

Low Gain
Antenna

Z
Y X

Star Tracker

Low Gain Antenna

Solar Array Panel

(Before deployed) Z X

EQUULEUS has fundamental bus systems for deep space missions within 6U CubeSat
(deep space communication, power, thermal control, attitude control, propulsion).
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Micro/nano-pathfinder 100-500kg-sat mission  Strategic class mission

< $10M < $100 M < $300 M
| f you pursue the nperfecto ob
money and you cannot realize as it is very difficult to get the public

approval and funding. Qui ckl y start with 0
enougho science mission!



Vision on Applications to
Earth Observation



i-4 before Shipment (April, 2014)

Hodoyoshi-3 (left) and Hodoyoshi




Implementation to Dnepr SHM 2014/6/10




Sri Lanka
(LCAM 240m GSD)






Greek (false color)
(MCAM 40m GSD)



