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An Art Project
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Launched by
an Individual?
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Satellite Function
1. UHF CMB random number generator
2. Controllable Shooting Star









Authorized
Signature

The profit of selling T-shirts is used to build a satellite and rent a rocket. 
This card is used for future satellite event verification and so it cannot 
be transferred.

Register at
www.opensat.cc





10,000 T-Shirts

1 Satellite
(9800 to go)





























Funding Episodes



• Why do you launch your satellite?
• What is ROI (Return On Investment) in OSSI?
• Don't you think you'd better spend that money to 

help poor people rather than launching a satellite?
• What is the chance of OSSI project being abused by 

terrorists?
• Is OSSI an art project or a technology project?
• OSSI-1's purpose is not scientific or practical at all. 

How do you think OSSI-1 can benefit the world?

FAQ



DJing
Mission BETA

Technology



Finally,



Contract 
Paris Air Show June 2011



Launching 
31 Aug. 2012
Soyuz 2.1b
Baikonur Cosmodrome
45.9 N, 63.3 E
apogee: 575km
perigee: 290km



Preparing 
for

the Launch



Getting Quotes for
LV



Launch Vehicle Reservation
Getting quotes from launch brokers
Commercial VS. Governmental Flight
3rd Party Liability Insurance
Flexible cubesat standard??

Soyuz 2.1b
Baikonur Cosmodrome
45.9 N, 63.3 E

OSSI’s broker: NOVA NANO 
Launch Provider: TsSKB-Progress
Contracted on June 2011
Effective on Dec 2011
Delivery: 31st May 2012
Launching: 31st Aug 2012
Time’s Too short!!!!



Launch Vehicle Reservation



Getting Commercial Parts
w/h

Space Heritage





Parts & Reference Survey
- Presentation Slides from cubesat.org
- Find papers from cubesat built universities

Swisscube, Cal Poly, University of Tokyo CDR, OUFTI-1, 
Delfi-C3

- Datasheets from cubesat kits manufactures
(cubesatkit.com / isispace.nl / clyde-space.com / 
gomspace.com / astrodev.com and etc.)

- Google!! (sometimes a good FTP server can be reached)
- Overspec!(Derating): Esp. Capacitors (2 ~ 3 times over)
- Good commercial company reference -> selection reason

RF - Silicon Labs, Motorola, TI
Power - Linear Technology
MCU - Texas Instrument



Satellite Registration
- National Space Body Registration

depends on countries
3rd Party Liability Insurance

- ITU API submit (Required but..)
HAM License
IARU Frequency Coordination 
Request( Gentlemen’s agreement but you’d better)



OSSI-1 Satellite
- UHF COMMS: 

1Watt~3Watt
- 2FSK (Up 1200bps / Down 9600bps)
- VHF Beacon: 

100mW
CW 12~20 WPM

- High Power (44W) LED 



Satellite Mission
1. UHF CMB random number generator
2. Controllable Shooting Star



How OSSI-1 mission works
1. 10,000 T-Shirts sold -> 1 Satellite launch

2. People reserve message by contacting satellite
first come, first served per day with open telecommand

3. Satellite blinks the LED in morse code pattern at reserved time

4. Satellite transmits UHF CMB seeded random number one time 
during the flight

5. A person wins the satellite when the random number is 
matched to OSSI ID Card

6. Satellite continuously transmits VHF beacon  



Structure
OBC

EPS
COMMS

ADACS
GS

High 
Power
LED 
Controller



Design Philosophy

D.I.Y. & Accessible



Overview
Solar Panel

(+X, -X)
2W

Solar Panel
(+X, -X)

2W

Electrical Power System ( BUS Voltage: 3.6~4.2V)

On Board Computer

Real Time 
Clock

F-RAM

RBF Switch 2 Deployment
Switches

Temp.
Sensor

Solar Panel
(+Y, -Y)

2W

Solar Panel
(+Z, -Z)

2W

Solar Panel
(-X)
1W

Li-Ion battery
4.2V,2.6Ah

Temp.
Sensor

Temp.
Sensor

Temp.
Sensor

Panel (+X)

Temp.
Sensor

UART <-> 
USB

430M DATA TX_1
430M DATA RX_1

144M Beacon TX_2

High Power LED Controller

Temp.
Sensor

TX/RX
Switch

Temp.
Sensor

Antennae

Antennae
Deployment

Actuator

4 * 11W 
LEDs

VBUSUSB 5V VBUS VBUS VBAT for antennae deployment

VBUS_LED

Solar Power Solar Power Solar Power

Charging

I2C

I2C

I2C

UART I2C

I2C

Current Sensors Reset Signals OBC Current & Reset

VBAT

I2C

RF

RF

* All Temp. Sensors
report to OBC via I2C VBAT Sensing

Solar Panel Voltages

SuperCap Voltage
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* indicating LEDs for
Development?

1-Axis 
Gyro SPI

Black: Signal

Blue: Bus

RED: Power

Legend

Watchdog
Timer beat

CDS Sunsensors

V_LED



X

Y

Z

Y

X

144MHz Monopole Antenna
For Beacon TX_2

430MHz Dipole Antenna
For Data TX_1 / RX_1

POWER LEDs

External Interface

Remove Before Flight Pin

CDS Sun Sensors

1kg
Standard 1U Cubesat 

Weight
Dimesion

All sides are covered with 
Solar Cell Array except panel (X+)

Structure

Ref: Univ of Tokyo



Structure

AL6061-T6
Hand Milled







Slimmer 
Version 
on TV



Deployment Switch

Grayhill 39-2 

Swisscube heritage
easy integration to 
hand milled structure

Cherry E62-10K

many Cubesat heritages
easy integration to 
slim structure



OBC
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Solar Temp Sensors I2C

DATA Comms I2C

Beacon I2C

LED Controller I2C

OBC I2C

SPI

Beat

COMMS Reset

Beacon Reset

LED Controller Reset

Reset from COMMS
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COMMS Latch-Up

Beacon Latch-Up

LED Controller Latch-Up

OBC Latch-Up to COMMS
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VBAT

V_LED



EPS (1)

A: Solar Power Direct Transfer when chargers’ not working
B: Battery Power
C: Supercap Power

- Supercap serves as dissipation unit as well due to its self discharge rate
- Supercap provides high current to LED Payload

* Fixed Voltage MPP -> No digital control, No MCU

Solar Panel
+Y,-Y,-X, +Z,-Z

Ext. 5V

RBF

Step Up 
Converter 
with Fixed 
Vmpp at 

3.6V

LT3479

Battery 
Charger IC

LT3652

Li-Ion 
Battery

Saft
MP144350

Ideal Diode

LTC4411
(2.6A)

Step Up 
Converter 
with Fixed 
Vmpp at 

3.6V

LT3479

SuperCap
Charger IC

TI bq24640

SuperCap

NESSCAP
2 * 2.7V

360F

Ideal Diode

LTC4411
(2.6A)

VSOLAR VBUS

GND

Deployment Switches

Charging / Discharging Charging / Discharging / Dissipating

Step Down 
Converter

LTC3411

A: Direct Transfer

B: Battery C: SuperCap

V_LEDVBAT

Ref: SwissCube



EPS (1-1)

Saft MP144350
2600mAh
Good Temp Characteristics
Discharge: -50~60 C
Charge: -20 C~60 C

NESSCAP SuperCap
2.7V, 360F
Low ESR: 3.2 mOhm
Max Current: 226A
-40~65 C
100K leveling resistor for series 
connection



EPS (1-2)

- 2 Spectrolab TASC Solar cell in series with a blocking diode
- Highly Parallel-Configured PV system-> No bypass diodes
- Vmpp ~= VBUS

Ref: http://vtb.engr.sc.edu/vtbwebsite/downloads/publications/Parrallel-Connected%20Solar%20PV%20Systems.pdf
Ref: SwissCube



VBUS 
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3.3V_BEACON
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3.3V_OBC

Nominal: 3.6V
Max: 4.2V
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3.3V_PAYOLOAD
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Nominal: 0W
Max: 6W

Nominal: 300mW
Max: 300mW

Nominal: 0W
Max: 120mW

Nominal: 0W
Max: 44W

VBUS_LED 

EPS (2)
Need thorough 
understanding
on LatchUp behavior

What happens to GPIO 
when MCU is dead?



COMMS / Beacon

430M Tx

430M Rx

BPF 3 Watt PA

LNAHPF
L-C 

Harmonics
Filter

L-C 
Harmonics

Filter

L-C
BALUN

144M
Tx

L-C Harmonics
Filter

0.1 Watt 
PA

1/4 wavelength Monopole

1/2 wavelength Dipole

LPF

Data Tx/Rx(2-FSK)

Beacon Tx(CW)

Antenna Panel ( +X)

1200 bps

9600 bps

CW

Comms 
MCU

Beacon 
MCU

MSP430F1611

ADL5530
LFCN-160

LPF

3W RF 
switchTX / RX Control

MSP430F1611

HSWA2-30DR

MAX2640

RF5110G LFCN-530RBP-440

ADF7021-N

ADF7021-N



ADACS
moving direction

rotation direction

University of Tokyo Cubesat Passive ACS

Attitude Control - PMAS
OSSI’s choice -> Same as Univ. of Tokyo.

Magnet: AlNiCo-5, 5pi * 25mm
Hysteresis Damper: Nikel 45~50% Permalloy
JIS(C-2531) PB Series / UNS K94840

Attitude Determine
1 gyro
3 CDS
6 panel temperature values
belief in PMAS reference

- Hard to simulate ADACS for me :( -



High Power LED Controller
LED: SSC p7 11W White LED
Forward Current: 2.8A
Forward Voltage: 3.6V (= VBUS)
Brightness: 900 lumen
Color Temp: 6300K

Total of 4 LEDs (44W) in Parallel
High Current drawn from SuperCap
Can be seen from binocular on earth

Also used as,
- Redundant Power Source
- Dissipation



High Power LED Controller

- LED Driver: PWM FET Direct Drive
- 3 CDS and Z-axis Gyro determines the Earth direction
- Operates only in eclipse 
- High Power -> Good insulation needed
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SPI
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High Power LED Controller

- Fully On 16 seconds
- Space Twitter!
- High Self Discharge rate

-- one shooting start event per day
-- can be used as dissipation system 



Ground Station

Base Station (Seoul)
- ICOM IC-970
- TM-D710A
- USRP GNU Radio

Mobile Station
- FUNCube Dongle
- TM-D710A



Cheap Test



Thermal 
Vacuum 
Chamber
T Cycle: -30~50 C
Manual cooling
10^-2 Torr
Ref: Bryan Klofas CTEC



Cheap Spectrum Analyzers

USRP 1 GNU radio, ettus research 

TI SA430FUNcube Dongle Pro TI SA430 Measurement



Low RF Power SWR Meter

- With ADL5519 Log Power Detector + Directional Coupler + MCU, we can build cheap 
and accurate SWR meter  for low Power RF

- Easy Cheap way of matching impedance for nano satellite PA (20dBm to 33dBm)

- Normal SWR meter for HAM is not suitable for low RF power impedance matching



Fabrication



PCB
2 Layer
- Cheap
- Free CAD tools- i.e. Eagle CAD
- Hard to make it compact
- Not good for thermal conduction

6 Layer
- Expensive
- dedicated thermal conduction chassis GND layer
- better signal



PCB

2 Layer example: OSSI Beacon
- No thermal conduction layer directly connected 
to Structure

�

�

�



Chemicals
Hard to know
Hard to find
Hard to buy

Many cubesats used 
3M Scotch-Weld EC-2216 Epoxy

For Conformal Coating?
For SolarCell Protection?

Alternative for NuSil Products?



Work Room



Work Room



Lesson learned
- LV comes suddenly, so..  but?
- COMMS first!!!!! if you want to communicate
- do not expect to much attentions for personal satellite
- Good open source project is difficult
- Selling T-shirts is much more interesting
- Have as many engineer friend as possible
- Build first, research more when needed 



Management for Private Space Program

Launch Vehicle 
Reservation

Satellite
Registration

Link Budget
Calculation

COMMS
Implementation

Mission
Define

EPS
Implementation

Other module
Implementation

Final Test
&

Modification

Structure
Implementation

Parts
Survey

&
Reference
Research

Satellite 
Research

Phase 1

Phase 2

Phase 3

Phase 4



Suggestions for 
Private Space Program

1.COMMS standard for more private space programs
2.Easier hardware platform
3.OpenBOM



COMMS Suggestion
- CDMA or TDMA for UHF or S -band
- Reserve certain bandwidth and share



Beginner Platform
- Battery-less (Solar Cell and small SuperCap)
- Low Power COMMS (BPSK)
- Latch Up Protection
- One Consolidated board



Experimental platform
- DSP+DAC + Modulator
- Similar to SDR (ex USRP from ettus research lab)



OpenB.O.M.

Very Kind Open Source TM 
- High Res Pictures
- Reasons for Selections
- Build Guidelines

- Space Heritage
- Alternatives
- Purchase Info
- Reasons for Selections
- Web Sharing Platform



Launching 
31 Aug. 2012



Mission v1.0
1. Testing a 100% commercial-grade a nano size satellite 
2. Publishing a satellite manual 
3. Building a open source platform for nano satellite
4. Cultural Space Program

Target Audience:
Hobbyist (or HAM)

fake book cover, 2009





Buy T-shirts for me



http://opensat.cc
songhojun@gmail.com
http://hhjjj.com
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