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M-Cubed Overview

ÅDevelop the first generation S3FL 
CubeSat to:
1. Cultivate S3FL capability to develop, 

build, and operate a CubeSat system.
2. Promote development of S3FL students 

through a interdisciplinary design, built, 
test environment.

3. άwƻƭƭ ȅƻǳǊ ƻǿƴέ ǎǳōǎȅǎǘŜƳǎ ǘƻ ƛƳŀƎŜ ǘƘŜ 
9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ƛƴ ǘƘŜ Ǿƛǎǳŀƭ ǎǇŜŎǘǊǳƳ

ÅWith the success of this first CubeSat 
system, future missions can encompass 
more complex payloads while still 
building upon S3FL heritage designs.
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Baseline Design 
ÅPayload
ïuEye CMOS 1.3 MP Camera Payload
ïToradex Colibri PXA270 Processor

ÅC&DH
ïAtmega 164P Microcontroller 

ÅTelemetry
ïAnalog Devices 7020-1 Tx/Rx
ï13.5 & 65 cm Antennas

ÅADCS
ïPassive control with permanent magnets & hysteresis material

ÅPower
ïEmcore ATJ solar cells
ïLi-Ion 3.7 V 2.2 A-hr  

ÅStructures
ïCustom design compliant with CubeSat specifications

ÅHarness Interface
ïCustom Header
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Schedule

ÅGoal of having subsystem integration 
complete by end of Summer

ÅAwaiting NASA BAA for a educational CubeSat 
launch opportunity in summer 2010

Subsystem Test & Integration EDU 

Refinement

CDRIST #1

FU 

Production

FU 

Qualification

Launch & OpsTRR

FRR

IST #2
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Personnel 

ÅExpanded team to include new students to 
carry on knowledge following graduation of 
leads

Å36 undergrads + 4 graduate students involved 
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Payload Overview

ÅDesign, validation, integration 
and testing of a system to:
ïProperly focus incident light
ïTrigger CMOS camera
ïAutonomously save image 
ïIntegrate with the Command and 

Data Handling subsystem

ÅIDS-UI-1646LE-C Color CMOS 
Camera
ïResolution: 1280x1024 pixels
ïPixel Size: 3.6x3.6 ˃m

ÅPlano Convex Glass Lens (12 mm 
Focal Length)
ÅColibri Toradex PXA270

IDS-UI-1646LE-C CMOS Camera (left)

Colibri PXA270 Microprocessor (right)

Image taken at Michigan using 

selected IDS Camera and Lens
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Completed Payload Testing
ÅModulation Transfer Function 

(MTF) Quality
ïMethod to quantify image 

resolution
ï5ŜŦƛƴŜǎ ŀ ΨƎƻƻŘΩ ǇƛŎǘǳǊŜ
ï50% MTF ~60 line pair/mm

ÅRotation Effects
ïUsed rate table to quantify 

blurring
ïNegligible blurring effects for 

spin rate of 7° /sec

ÅVacuum Survivability
ïMaking sure camera survives 

thermal vacuum environment 

Resolution test image (top) and 

corresponding MTF plot (bottom)
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Passive Attitude Control
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ÅPassive magnetic attitude control system
ï Permanent magnet 

ïAligns camera axis with local magnetic field

ï Hysteresis materials 

ïDampens angular velocities

ÅJustification over active control system
ï No power consumption

ï Less mass

ï Mission requirements can be fulfilled without 

full attitude determination

ÅHeritage on Earth-imaging missions
ï University of Tokyo: XI-IV ~ 4 years

ï University of Tokyo: XI-V ~ 2 years

ï University of Louisiana: CAPE-1 ~ 6 months

Å Materials 
ï Magnet ïAlnico 5

ï Hysteresis ïHyMu 80



Electrical Power System
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ÅEmcore ATJ solar cells

ÅLithium ion battery
ï3.7 V, 2.2 A-hr Panasonic 18650 cell

ÅDirect energy transfer topology

ÅBuck-boost DC-DC converters for 
regulation
ïTI TPS63000 series chips

ÅLTC2309 ADC for health telemetry 
data

Prototype EPS Board 

Prototype Battery Board 



Command and Data Handling

ÅFlight Computer: Atmel 164P 
Microcontroller
ÅPrototype Board Operational
ïReal Time Clock, Watchdog Timer, SPI 

Communication, EEPROM Storage, 
Radio Transmission, USART 
Communication

8/9/10 University of Michigan 10

Atmel 32AP7000.Same line as 
32AP7002. Actual dimensions: 
12 x 12 mm

STK500 Demoing I2C



Telemetry

ÅAD7020-1 Tx/Rx Radios
ïTransmit@430 MHz

ïReceive@ 140 MHz

ÅSpring Steel Antennas
ïLength 1 16.5 cm(430 MHz)

ïLength 2 65 cm(140 MHz)

ÅSharing Umich Ground 
Station resources with RAX

ÅAX.25 Transmission 
Protocol
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Operations SW Beta Images

Start of a pass

Time synchronized,

health updated
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Structures

138/9/10 University of Michigan


