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What is a CubeSat?
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• Miniaturized Satellite for space 
research

• Volume of 1 liter (10cm cube)
• Mass of 1.33kg or less (1U)
• Can be multiples of that size 

(e.g. 2U, 3U)
• Usually uses off-the-shelf 

components

Photos from ISIS (Innovative 
Solutions in Space) and 
ESA.INT



Why CubeSats?
CubeSats provide a focused project for students to 
experience many aspects of engineering

Electronics – building and making things work together
Programming
Communications – telemetry, images, voice, link budgets
Power challenges – batteries and solar panels, power 
budgets
Structure
Weight budgets
Sensors
Testing
Improvisation
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Challenges
Cost – challenge to keep costs low
Time – High School Students starting the project 
may be in college at completion
Realistic – even if the CubeSat never orbits, it 
can still get close to space
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The Program
Goal is to keep students challenged and 
enthusiastic regardless of when the launch to orbit 
might be

Preparation
• Build and fly the S4 payload (Small Satellites for Secondary 

Students)
• Build and fly a CanSat

CubeSats
• Research CubeSats, specifications, and regulations
• Design and build an appropriate ground station
• System design, build, and ground test a CubeSat
• Launch that CubeSat on a solid fuel rocket to 1-2 miles
• Launch that CubeSat to 100,000 ft. on a High Altitude Balloon
• Group project:  Build and launch a CubeSat
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Where to start?
Research
• What CubeSats are already in orbit?
• What experiments did they carry?
• How do they transmit the data to the ground station
• What is inside?

Build a ground station to listen to existing satellites
Extend the ground station to talk through existing satellites
Start with the satellite foundation – a simple payload can 
come later
• Computer
• Power
• Communications
• Attitude control
• Thermal control
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Block Diagram 
of Masat-1



What’s Inside?
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Image from DigiKey



No Shortage of CubeSats
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From chart from Bryan Klofas of Cal Poly SLO showing 256 CubeSats 
deployed into orbit as of March 10, 2015 – but determining which 
ones are active is a challenge



CubeSat Survey – Communications
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Power:  30mW – 2W
Frequencies:  Ham Radio (2m – 144 MHz to 146 MHz and 
70cm – 435 MHz to 438 MHz)
Antennas:  Dipole, monopole
Modulation:  FSK, AFSK, BPSK
Protocol:  AX.25, CW
Data rates:  1200 – 9600 BAUD

Image from itproportal.com
Image from phpweb.tu-Dresden.de



Sources
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Several companies provide CubeSat Parts & Kits
Tyvak (Tyvak, Terran Orbital)
• Intrepid – comprehensive 1U solution $30,000

Pumpkin Inc. (Cubesatkit.com, CubeSatShop.com, Clyde Space)
• Kit (structure, motherboard, processor board, dev board, misc.) $7500
• Mechanical Structure (1U) $1500
• Motherboard $1200
• Processor $650
• Software $5,500
• Power $745
• Solar Panel $2500

Interorbital
• TubeSat Kit with launch (processor board, battery pack, solar cells, more)  $8,000
• CubeSat Kit with launch (processor board, battery pack, solar cells, more) $12,000

Open Source (LibreCube)
• Complete solution, plans and software are free but you make everything



LibreCube
An Open Source CubeSat Initiative
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Open source is hardware and software developed and shared under a 
minimally restrictive license

“LibreCube is a non-profit initiative to promote open source CubeSat 
education”:  http://cubesat.de/librecube

“Everything for a generic CubeSat Mission
• PCB Design (Schematic, Layout, 

Gerbers) for
• Main Computer CPU Board
• Power Board (batteries and 

charging from solar panels)
• Communications Board (UHF data)

• Basic firmware (in “C”)
• Test scripts and procedures
• Documentation

Initial builds will for development – first 
runs not considered flight hardware Image from LibreCube

http://cubesat.de/librecube


LibreCube – Processor
OBC – On board Computer

CDHS – Command and Data Handling System
($80 for parts + PCB)
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• Two 8051 microprocessors provide 
100 MIPS of processing

• 16MB of FLASH memory
• Operates on 3.3V
• Processors can run fully redundant 

or separately
• Connectors for two deployment 

switches
• Uses modified PC-104 electrical bus
• I2C and UART interface for 

peripheral devices
• JTAG interface for development and 

programming Image from LibreCube



LibreCube – Power
EPS – Electrical Power System

$170 parts + PCB + batteries + solar panels
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• Provides and manages power for 
the entire CubeSat

• Handles charging from six Solar 
Panels

• Provides raw battery voltage, 
3.3V and 5.0V for the system

• Provides state measurement to 
the system

Image from LibreCube



Power Budget
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• System power usually comes from 
batteries

• The batteries need to be charged 
– usually from Solar cells

The challenge
• How much battery can you afford 

to carry with the weight limit?
• How much time does the CubeSat 

spend in sunlight?
• How much of the solar panel array 

is exposed to the sun and at what 
angle?

• Need to balance the ability to 
charge against the power needed 
by the system

Battery image from OnlyBatteries



LibreCube – Communications
COM - Communications

$110 in parts + PCB
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• Half duplex communications 
system for UHF (435 MHz)

• Up to 1W of output power
• Provides beacon for Morse code 

message
• Provides ECSS/CCSDS compliant 

telemetry frames

ECSS is European Cooperation for 
Space Standardization

CCSDS is Consultative Committee 
for Space Data Systems

Image from LibreCube



Link Budget
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Students will need to calculate a link budget to determine what 
is needed for power and receive sensitivity
It is an accounting of all gains and losses from the transmitter, 
through the medium, to the receiver

Received Power (dBm) = Transmitted Power (dBm) + Gains (dB) 
– Losses (dB)



Free Tools (Suggested by LibreCube)
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Office Tools
• Open Office:  https://www.openoffice.org/
• Libre Office: http://www.libreoffice.org/

Mechanical Design
• FreeCad:  http://www.freecadweb.org/
• Blender:  http://www.blender.org/
Electrical Design
• KiCad:  http://www.kicad-pcb.org/display/KICAD/KiCad+EDA+Software+Suite

Signal processing
• GNU Radio:  http://gnuradio.org/redmine/projects/gnuradio/wiki

https://www.openoffice.org/
http://www.libreoffice.org/
http://www.freecadweb.org/
http://www.blender.org/
http://www.kicad-pcb.org/display/KICAD/KiCad+EDA+Software+Suite
http://gnuradio.org/redmine/projects/gnuradio/wiki


Antenna and Deployment Systems
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Image of M-Cubed 
from eoportal.org

Challenges:
• Before deployment system must 

still fit inside the CubeSat 
dimensions (10cmx10cmx10cm)

• Material must withstand 
temperature changes and 
mechanical forces

• Must be as light as possible

• Common antenna material is from 
a tape measure

• Common deployment method is to 
melt a retaining nylon thread 
releasing the tape measure 
antenna



Passive Attitude Control System
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Use fixed magnets to keep the 
CubeSat in a fixed orientation 
relative to the Earth’s 
magnetic field

CubeSat drawing from 
eoportal BEESAT-2 and 3

Magnetic Field image from M-
Cubed (University of Michigan)



Active Attitude Control System
ADCS:  Attitude Determination and Control System
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• The orientation of the CubeSat is 
determined using

• A magnetometer
• Knowledge of the earth’s 

magnetic field
• Knowledge of the CubeSat’s 

location
• Activate electromagnets (Magnetic 

Torquers) to push against the 
Earth’s magnetic field

Image and information from Space 
Systems Engineering (University of 
Alaska)



Vibration Testing
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Image from “Surviving Orbit 
the DIY Way” – Sandy Atunes 
and Amazon

Improvisation:

• No shake table?  Try a 
random orbital sander 
and a variable speed 
control

• Mount ono a very stable 
base

• Can set 10 Hz to 150Hz

Idea from “Surviving Orbit 
the DIY Way” – Sandy 
Atunes



Temperature and Vacuum Testing
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Image from “Surviving Orbit 
the DIY Way” – Sandy Atunes

Improvisation:

• No temperature or 
vacuum chamber?  Try 
a pressure cooker, a 
vacuum pump, and dry 
ice

• Idea from “Surviving 
Orbit the DIY Way” –
Sandy Atunes



Flight Testing
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Improvisation:

• No vehicle to launch to orbit?

• Use a large amateur rocket to get 
to 1-2 miles

• Tests ability to withstand high 
“g”s

• Tests deployment of antennas
• Tests communications
• Tests batteries and solar panels 

(for a short period)



Flight Testing
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Improvisation:

• No vehicle to launch to orbit?

• Use a high altitude balloon to 
launch to 100K feet or higher

• Flight is longer than amateur 
rocket

• Payload will experience some 
vacuum and cold

• Good test of communications 
and tracking

Photos from Sparkfun



Mechanical Constraints
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Photo from PE0SAT
The P-POD (Poly Picosatellite 
Orbital Deployer) is a common 
deployment method at launch –
and comes with strict mechanical 
constraints



Launch Opportunities
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Demand is increasing
Commercial services are 
increasing
Secondary payload opportunities 
are increasing
Free and extremely low cost 
launch opportunities are 
decreasing
NASA CubeSat Launch Initiative 
lets CubeSats hitch a ride
InterOrbital sells kits and launch 
opportunities
Check with Cal Poly

Image from Seradata



Standards, & Suggestions
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Specifications:
List available at:  
http://www.cubesat.org/index.php/documents/developers
CubeSat Design Specification: 
http://www.cubesat.org/images/developers/cds_rev13_final2.pdf

Acceptance checklist:  
http://www.cubesat.org/images/developers/cac_forms_rev13cds.pdf

RF Licensing Process Overview:  
http://www.cubesat.org/images/developers/licensing/rf_licensing_overview.pdf

Amateur bands allocated to amateur-satellite:  
http://www.itu.int/en/ITU-R/space/AmateurDoc/AmateurSatServiceFreq.pdf

Suggestions (Possible Starting Points):
Board Interface and Electrical Bus (LibreCube):               
https://github.com/open-source-cubesat/LCBS/blob/master/LibreCube%20Board%20Specification.pdf

Telemetry message formats:
• European Cooperation for Space Standardization:  http://www.ecss.nl/
• Consultative Committee for Space Data Systems:  http://public.ccsds.org

http://www.cubesat.org/index.php/documents/developers
http://www.cubesat.org/images/developers/cds_rev13_final2.pdf
http://www.cubesat.org/images/developers/cac_forms_rev13cds.pdf
http://www.cubesat.org/images/developers/licensing/rf_licensing_overview.pdf
http://www.itu.int/en/ITU-R/space/AmateurDoc/AmateurSatServiceFreq.pdf
https://github.com/open-source-cubesat/LCBS/blob/master/LibreCube%20Board%20Specification.pdf
http://www.ecss.nl/
http://public.ccsds.org


Thank you
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