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Micro/nano/pico-satellite 

Micro-satellite: 20-100kg 

Nano-satellite: 2-20kg 

Pico-satellite: 0.5-2kg 

 

Japanese Governmental Satellites 

ALOS-1: 4 ton    ASNARO: 500 kg 

Kaguya: 3 ton   Hayabusa: 510 kg 

Lean Satelliteò 



Motivation of Smaller Satellites 
Current Problem of Mid-large Satellites 
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Trend towards 

larger satellites 

Enormous cost >100M$ 

Development period >5-10 years 

Conservative design 

Almost governmental use 

No new users and utilization ideas 

Low speed of innovation 

ALOS 
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 Small-sat 
Micro
/Nano
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Sat 

<50kg  

10-50M$ 

1-5M$ Introduce more varied new players into space. 



 

 

Universty/venture companiesô innovative idea and development process 

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

Innovation by Micro/nano/pico satellites (<100kg) 

Education Remote sensing Telescope       Weather         Bio-engineering              Re-entry  

Rendezvous/

docking 
Communication       Space Science    Atmosphere     Exploration    High Resolution.  



Features of Micro/nano/pico-satellites 

ÅVERY low cost (from >100M$ to <5M$) 

ïLeads to new missions, business, sciencesé 

ïIntroduce new users (companies, countries..) 

ïCan be an educational tools 

ïCan be very challenging 

ÅShort life cycle (from >5 years to <1-2 years) 

ïOne cycle possible during university years 

ïMore iterations (from ñprojectò to ñprogramò) 

ïEarly return of investment (good for business) 

ÅSimple and transparent satellite system 

ïEasy to design, operate and trouble shoot 

ïEach 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: 

¸ Team work, conflict resolution, discussion, documentation 

¸ International cooperation, negotiation, mutual understanding 

¸ The effects were found more than expected !! 

¸ Also contribute to other technological areas !! 

ñTime, human resource, cost and riskò 



From CanSat to CubeSat, Nano-Satellite  

From Educational purpose to Practical application 

University Satellites in Japan 
37 university satellites launched in 2003-2015 



Launchers for 37 university satellites 

ÅForeign Rocket: 12 

ïROCKOT Russia  2 (2003) 

ïCOSMOS Russia  1 (2005)     

ïPSLV India   3  (2008, 2012) 

ïDNEPR (Russia)  6 (2014) 

ÅJapanese Rocket: 25 

ïM-V     2006  

ïH-IIA           17 2009  

ïHTVҜISS 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? 

ÅA satellite cannot be contacted until the end of its 

mission once it is loaded on a rocket and launched 

ïñNon-maintainable systemò 

ÅSometimes it should survive in space for more 

than 5 years without any human interactions, so 

 

ÅImagine all possible events and anomalies which 

may happen on satellites and prepare 

countermeasures for them as many as possible 

ÅFocus on power system and communication 

system: to make it survive in any circumstances 

ÅDonôt skip required ground tests  

Carefully consider how to survive in space !! 



World First 

CubeSat ! 

2003     04      05  06 07 08    09  10    11    12    13    14    15                    

CubeSat XI-IV  
ROCKOT  2003/6 

CubeSat XI-V 
COSMOS) 2005/10 

              PRISM 
          (H-IIA) 2009/1 

NANO- 
JASMINE  
(CYCLONE  
 2015/12 

University of Tokyoôs History  
8 satellites developed (7 launched) 

30m GSD Remote sensing  

   Astrometry (top-science)  

development       launch 

         HODOYOSHI -1,3,4 
          (DNEPR) 2014/6,11 

Remote sensing, S&F  

Education, 
Camera test  

Education, 
CIGS solar cells 

[1] 

[2] 

[3] 

[4][5][6] 

               PROCYON 
             (H-IIA) 2014/12 

         [7] 

         [8] 

[1]-[7]:Launched and being operated in space 

[8]: Waiting for launch 

Deep space exploration 



Training step: CanSat    

           1999-now 



CubeSat ñXI-IV (Sai Four)ò 
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 

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   ?? 

  Captured Earth Images are Distribution to Mobile Phones 



Structure 

Power-system 

TX-system OBC-system 

CWRX-system 

Important Analog 

Sensors 

Analog Sensors 

Digital Sensors  
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XI-IV System 



Launch of the World First CubeSat  

(XI-IV, Cute-1 and others) by ñROCKOTò 

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

Project Manager 

of Hayabusa-2 



  

  
Surviving 13+ years with 500+ pictures downlinked 



XI-IV is still perfectly working  
after 13 years in orbit 

 Recently Downlinked Photos 



2000 We started in situations thaté 

ÅNo components on sales for CubeSat 

ïEverything should be ñhand-madeò by ourselves 

ÅNo ground test facility in our university 

ÅWe have only little money (about $30,000) 

ÅWe have little knowledge such that: 

ïWe donôt even know how to use solar cells and 

to charge energy in battery 

ïWe donôt know how to find launchers 

ïWe donôt know how we can get frequency 

ïWe donôt know how we can get export license 

ÅBut we could take much time to think & test 

- 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 



CubeSat ñXI-V (Sai Five)ò 
Mission:     CIGS solar cell demonstration, Advanced camera experiment  

Developer: University of Tokyo 

Launch:     COSMOS (October 27, 2005)  deployed from ñSSETI-EXPRESSò 

Size  10x10x10[cm]  CubeSat 

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, GaAs, CIGS cells 

Camera  640 x 480 CMOS 

Mission life  > 5 years 

  Captured Earth Images JAXA/NEDO CIGS  
Solar Cells 

SSETI-EXPRESS 

Deployed from  
SSETI-EXPRESS  
in space 

T-POD deployment 
System 



PRISM ñHitomiò 
Mission:     Earth Remote Sensing (20 m GSD, RGB)  with Deployable Boom  

Developer: University of Tokyo 

Launch:     H-IIA (Jan 23, 2009)  Piggyback with GOSAT (CO2 monitoring sat) 

Size  20x20x40[cm] in rocket 

  20x20x80[cm] in space 

Weight  8.5 [kg]             

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) 

Mission life  > 2.5 years 

  Mexico Seashore            US Desert               Kita-Kyushu (Japan)      Wide Angle Camera 

Captured images 
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Combination of ñHigh performance but may-be-weakò processor 

and ñLow performance but very robust and provenò processor 



Photos of The Nile River  

 

NAC(Narrow 

Angle 

Camera) 

WAC(Wide 

Angle 

Camera) 



Important Tips for Development 

ÅTarget level (ñmissionò or ñbusò level) 

ïStepping up from Low/simple to High/complex 

ïTransfer technology/experiences to next step 

ïYou can find highlight in even simple satellite 

ÅñKitò vs ñSelf-madeò 

ïKit is very good to quickly get orbital results 

ÅBut cannot understand the ñinside of boxò 

ïñSelf-madeò will get deep understanding 

ïPlease find good combination of both strategy  

ÅDonôt think it an easy task   

ï100,000 man-hour were required for XI-IV 

 

 



Vision on 

Applications to Space Science 

and Exploration 



Space Science and Exploration  
- Japanese Missions and Players - 

 Size(kg) Cate

gory 

Players Project Examples 

>500 Mid-

large  

JAXA Science:      Ginga, Akari, Suzaku, Hitomið 

Exploration: Hayabusa & 2, Kaguya, Akatsuki--  

100-500 Small JAXA Science:       Hisaki (2013), ERG (2016) ---- 

Engineering: Ikaros (2010) 

20-100 Micro JAXA 

University 

Science:  Reimei (Index, 72kg, 2005) 

    Nano-JASMINE(38kg, 2017), RiseSat (2018) 

Exploration: PROCYON (58kg, 2014) 

2-20 Nano University Science:  CUTE-1.7+APD II (3kg 2008) 

Exploration: ECUULEUS (6U EM-1 2018) <2 Pico 

REIMEI CUTE1.7 Nano-JASMINE PROCYON 



UTôs 4th Satellite:Nano-JASMINE 

Size  50 [cm-cubic] 

Weight  38 [kg]             

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  

                           ñHipparcosò Satellite (ó89) 

-Telescope two CCDs with TDI 
   

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 



NJôs ñAstrometryò Mission 

ÅMission 

ïEstimate 3 Dimentional positions of stars  

and their movement 

ïDemonstration for ñJASMINEò mission 

 

 

 

Star position determination by  

ÅAttitude stabilization 

740 m-arcsec /8.8s 

ÅTemperature 

ï50ϴ, 0.1ϴ  
stability 

Annual Parallax 

- Long exposure time required. 

- Two telescope angular separation 

  should be kept constant.  



29 

Japanese group is promoting series of space astrometry 

missions, ñJASMINE programò, in international  collaboration 

with Gaia DPAC team. JASMINE will play complementary roles 

of Gaia. 

2030s 

2021(?)- 

Late 2017 or early 2018 



50kg-class deep space probe ñPROCYONò 
(PROCYON: PRoximate Object Close flYby with Optical Navigation) 

30 

Flyby velocity  
>  a few km/s  

Close flyby  
(altitude:~30km)  

LOS (Line of sight)  
control  

High resolution asteroid observation enabled by 
onboard image feedback control  of scan mirror  

<Asteroid close flyby observation>  

LOS (Line of sight)  
control  

SUN 

Launched (2014/12,  
together with Hayabusa-2  
asteroid explorer) 

Earth swingby 
(2015/12) 

flyby #1  
(2016/01~)  

flyby #2  
(TBD)  

flyby #3  
(TBD)  

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) 

Used Hodoyoshi compo. 

Developed within 1.2 years 



Photos taken by PROCYON at 

close encounter of Earth in 2015/12 

(one year after launch) 

Earth photos captured from 

deep space by PROCYON 

 



EQUULEUS 
EQUilibriUm Lunar-Earth point 6U Spacecraft 

Mission to Earth Moon Lagrange Point 
Intelligent Space Systems Laboratory, 2016/08/01 

One of 13 EM-1 CubeSats 

Sun 
DV1 

DV2 

DV3 

Lunar flyby sequences 

Insertion to EML2 

libration orbit using 

Sun-Earth week 

stability reagions  

Earth-Moon L2 

libration orbit 

LGA1 
LGA2 

LGA3 

Earth 



Solar Array Paddles 

Lunar Impact 

Flash Camera 

Extra Ultra Violet 

Plasma Imager 

Star Tracker 

X Y 

Z 

Sun Sensor 

Low Gain Antenna 

Thrusters 

Spacecraft Overview 

 

Solar Array Panel 

(Before deployed) 

Z 

X Y 

Sun Sensor 

Low Gain  

Antenna 

Thrusters 

Z X 

Y 

EQUULEUS has fundamental bus systems for deep space missions within 6U CubeSat 

(deep space communication, power, thermal control, attitude control, propulsion). 



Logic of ñorderò  
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Micro/nano-pathfinder  100-500kg-sat mission      Strategic class mission 

Engineering prof. 

ñWe can surely 

achieve this level.ò  

Science professors 

ñThis is needed to aim 

at the top scienceò 

ñLet us compromise 

at this point !ò  

If you pursue the ñperfectò objective from initial, you cannot get 

money and you cannot realize as it is very difficult to get the public 

approval and funding.  Quickly start with ñnot perfectò but ñgood 

enoughò science mission! 

Theoretical 

researchers require 

this but we relaxedé 

<  $ 10 M <  $ 100 M <  $ 300 M 

After severe discussions é. 



Vision on Applications to  

Earth Observation 



Hodoyoshi-3 (left) and Hodoyoshi-4 before Shipment (April, 2014) 



Implementation to Dnepr SHM 2014/6/10 



Sri Lanka 

(LCAM 240m GSD) 



Brazil 

(LCAM 240m GSD) 



Greek (false color) 

(MCAM 40m GSD) 


