
myPocketQub IQEA 442
an open source spacecraft payloadan open source spacecraft payload

Anum Ali
Al All

Alex Hocking
M th K i h

Cranfield University
Exmouth Community CollegeAlex Allan

Radim Badsi
Jordi Barrera

Merlin Barschke

Muthu Krishna
Johan Marx
Rob Morse 

Adam Moore

Exmouth Community College
Lancaster University

Open University
UCL / MSSL

Adam Brookes
James Cooper
Roger Duthie
Jihan Far ana

Alex Narduzzo
Dale Potts

Paul Rernaud
Tre or Seabrook

University of Bath
University of Bristol

University of Huddersfield
University of Southampton

Michael Johnson

Jihan Farzana
Nadeem Gabbani

Abhinav Garg
Toivo Hartikainen

Trevor Seabrook
Rupert Taylor

Johannes van der Horst
Antoine Verhaeghe

University of Southampton
University of Surrey

and others

Michael Johnson
spaceprojects@ukseds.org

UKube Payload UK Space Agency Swindon

Matt Hearn
Nancy Hine

g
Camilla Weiss

and others

UKube Payload
Kick Off Meeting 

UK Space Agency, Swindon
January 11, 2011

20110109UKKO

JAa initiative

UKube graphic courtesy: Clyde Space Ltd



Brief overviewBrief overview

myPocketQub IQEA + vRadio + PocketPayloads:myPocketQub IQEA + vRadio + PocketPayloads:

• OpenSpace365 
– Arduino with sensors allowing 365 school pupils, g p p

university students or hobbyists to develop and fly 
virtual software payloads on‐orbit for a day each for 
free

• OrbitView
F ll h i h fi i– imaging payload to capture 360 degree panoramas 

from multiple points on‐orbit to allow anyone to 
‘look out of the window’ of UKube1, Google Street 
View style

Q bd i

Full height configuration

• Qubduino+
– Arduino with Field Programmable Gate Array (FPGA) 

to space qualify the FPGA, test self repairing 
algorithms and host advanced virtual payloads

S L b• SuperLab
– physics experiment to characterise superconductor 

materials
• SuperSprite

20110109UKKO

p p
– satellite on a chip proof‐of‐concept with solar cells, 

energy storage, micro‐controller and transceiver Low profile configuration



About Technical Contact Schools.OrbitView.org

Views from UKube1 on:
Date: 31st December 2011 00:00Z
Altitude: 700km
Longitude: 0.0.0

31st December 2011 00:30Z

Satellite panorama – drag image:

Longitude: 0.0.0
Latitude: 0.0.0

31st December 2011 00:15Z

Universe panorama – drag image:

Panorama looking at  universe 
from fixed camera and rotation 
of satellite which can be dragged  

around

31st December 2011 00:00Z

around
30th December 2011 23:45Z

NASA/courtesy of nasaimages.org
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Click on the red dots to view space from 
a specific point on orbit on the date and 
time specified! Mockup images: AeroSpace Corp, Google, NASA, Solenix



Functional architecture

I H
z

V VC

Mission Interface Computer

3V re
gV

Power switchboard

SP 1 
 

5 V 12I2
C

UKube platform

myPocketQub IQEA

3.
3

U
r

Flight Payload Electrical 

myPocketQub I2C
myPocketQub 3.3V
PocketPayload 3 3V

computercontroller power system

PocketPayload 3.3V

OpenSpace365 OrbitView Qubduino SuperLab SuperSprite

ADCSPeripheralsAntenna

p p p p p

20110109UKKO

ADCS
(unpopulated)

Peripherals 
and sensors

Antenna
(unpopulated)



Functional architecture
I2CA 3.3VAPocketPayload bus

I H
z

V VC

Mission Interface Computer

3V re
gV

Power switchboard
Dual port 

RAM
Master current 

control

Arduino Pro 65 SP 1 
 

5 V 12I2
C

UKube platform

myPocketQub IQEA

3.
3

U
rMini

microSD 
Power control

ac
e3
6

Flight Payload Electrical 

card

Camera

en
Sp
a

myPocketQub I2C
myPocketQub 3.3V
PocketPayload 3 3V

computercontroller power system
Temperature 

sensor

3 axis 

O
pe

PocketPayload 3.3V

OpenSpace365 OrbitView Qubduino SuperLab SuperSpriteI2C SPI JTAG I/O

magentometer

6 axis 
accelerameter

ADCSPeripheralsAntenna

p p p p pI2CP SPIP JTAGPI/OP

20110109UKKO

ADCS
(unpopulated)

Peripherals 
and sensors

Antenna
(unpopulated)



Functional architecture
I2CA 3.3VAPocketPayload bus

I2CA 3.3VAPocketPayload bus

I H
z

V VC

Mission Interface Computer

3V re
gV

Power switchboard
Dual port 

RAM
Master current 

control

Arduino Pro 65
Dual port 

RAM
Master current 

control

SP 1 
 

5 V 12I2
C

UKube platform

myPocketQub IQEA

3.
3

U
rMini

microSD 
Power control

ac
e3
6

ew
Arduino Pro 

Mini

Flight Payload Electrical 

card

Camera

en
Sp
a

bi
tV
ie microSD 

card

Power control

myPocketQub I2C
myPocketQub 3.3V
PocketPayload 3 3V

computercontroller power system
Temperature 

sensor

3 axis 

O
pe

O
rb Camera

Temperature 
sensor

PocketPayload 3.3V

OpenSpace365 OrbitView Qubduino SuperLab SuperSpriteI2C SPI JTAG I/O

magentometer

6 axis 
accelerameter

3 axis 
magentometer

6 axis

ADCSPeripheralsAntenna

p p p p pI2CP SPIP JTAGPI/OP

I2CP SPIP JTAGPI/OP

6 axis 
accelerameter

20110109UKKO

ADCS
(unpopulated)

Peripherals 
and sensors

Antenna
(unpopulated)



Functional architecture
I2CA 3.3VAPocketPayload bus

I2CA 3.3VAPocketPayload bus

I H
z

V VC

Mission Interface Computer

3V re
gV

Power switchboard
Dual port 

RAM
Master current 

control

Arduino Pro 65
Dual port 

RAM
Master current 

control

I2CA 3.3VAPocketPayload bus

SP 1 
 

5 V 12I2
C

UKube platform

myPocketQub IQEA

3.
3

U
rMini

microSD 
Power control

ac
e3
6

ew
Arduino Pro 

Mini

Dual port 
RAM

Master current 
control

Arduino Pro 
Mini

Flight Payload Electrical 

card

Camera

en
Sp
a

bi
tV
ie microSD 

card

Power control

du
in
o

microSD 
card

Power control

myPocketQub I2C
myPocketQub 3.3V
PocketPayload 3 3V

computercontroller power system
Temperature 

sensor

3 axis 

O
pe

O
rb Camera

Temperature 
sensorQ

ub
d

PocketPayload 3.3V

OpenSpace365 OrbitView Qubduino SuperLab SuperSpriteI2C SPI JTAG I/O

magentometer

6 axis 
accelerameter

3 axis 
magentometer

6 axis FPGA

Temperature 
sensor

ADCSPeripheralsAntenna

p p p p pI2CP SPIP JTAGPI/OP

I2CP SPIP JTAGPI/OP

6 axis 
accelerameter

FPGA

I2CP SPIP JTAGPI/OP

20110109UKKO

ADCS
(unpopulated)

Peripherals 
and sensors

Antenna
(unpopulated)



Functional architecture
I2CA 3.3VAPocketPayload bus

I2CA 3.3VAPocketPayload bus

I H
z

V VC

Mission Interface Computer

3V re
gV

Power switchboard
Dual port 

RAM
Master current 

control

Arduino Pro 65
Dual port 

RAM
Master current 

control

I2CA 3.3VAPocketPayload bus

I2CA 3.3VAPocketPayload bus

SP 1 
 

5 V 12I2
C

UKube platform

myPocketQub IQEA

3.
3

U
rMini

microSD 
Power control

ac
e3
6

ew
Arduino Pro 

Mini

Dual port 
RAM

Master current 
control

Arduino Pro 
Mini

Master current 
control

Flight Payload Electrical 

card

Camera

en
Sp
a

bi
tV
ie microSD 

card

Power control

du
in
o

microSD 
card

Power control

La
b

Power control

myPocketQub I2C
myPocketQub 3.3V
PocketPayload 3 3V

computercontroller power system
Temperature 

sensor

3 axis 

O
pe

O
rb Camera

Temperature 
sensorQ

ub
d

up
er
L ADC+Temp

Sample 1

ADC+Temp
Sample 2

Power control

PocketPayload 3.3V

OpenSpace365 OrbitView Qubduino SuperLab SuperSpriteI2C SPI JTAG I/O

magentometer

6 axis 
accelerameter

3 axis 
magentometer

6 axis FPGA

Temperature 
sensorSu

Sample 2

ADC+Temp
Sample 3

ADCSPeripheralsAntenna

p p p p pI2CP SPIP JTAGPI/OP

I2CP SPIP JTAGPI/OP

6 axis 
accelerameter

FPGA

I2CP SPIP JTAGPI/OP

ADC+Temp
Sample 4

20110109UKKO

ADCS
(unpopulated)

Peripherals 
and sensors

Antenna
(unpopulated)



Functional architecture
I2CA 3.3VAPocketPayload bus

I2CA 3.3VAPocketPayload bus

I H
z

V VC

Mission Interface Computer

3V re
gV

Power switchboard
Dual port 

RAM
Master current 

control

Arduino Pro 65
Dual port 

RAM
Master current 

control

I2CA 3.3VAPocketPayload bus

I2CA 3.3VAPocketPayload bus

SP 1 
 

5 V 12I2
C

UKube platform

myPocketQub IQEA

3.
3

U
rMini

microSD 
Power control

ac
e3
6

ew
Arduino Pro 

Mini

Dual port 
RAM

Master current 
control

Arduino Pro 
Mini

Master current 
control

I2CA 3.3VAPocketPayload bus

Flight Payload Electrical 

card

Camera

en
Sp
a

bi
tV
ie microSD 

card

Power control

du
in
o

microSD 
card

Power control

La
b

Power controlte
Master current 

control

myPocketQub I2C
myPocketQub 3.3V
PocketPayload 3 3V

computercontroller power system
Temperature 

sensor

3 axis 

O
pe

O
rb Camera

Temperature 
sensorQ

ub
d

up
er
L ADC+Temp

Sample 1

ADC+Temp
Sample 2

Power control

rS
pr
it

SuperSprite

PocketPayload 3.3V

OpenSpace365 OrbitView Qubduino SuperLab SuperSpriteI2C SPI JTAG I/O

magentometer

6 axis 
accelerameter

3 axis 
magentometer

6 axis FPGA

Temperature 
sensorSu

Sample 2

ADC+Temp
Sample 3Su

pe

ADCSPeripheralsAntenna

p p p p pI2CP SPIP JTAGPI/OP

I2CP SPIP JTAGPI/OP

6 axis 
accelerameter

FPGA

I2CP SPIP JTAGPI/OP

ADC+Temp
Sample 4

20110109UKKO

ADCS
(unpopulated)

Peripherals 
and sensors

Antenna
(unpopulated)



Interfaces: Full heightInterfaces: Full height

El t Si l i t t d PC/104 d• Elements: Single integrated PC/104 card
• Mechanical interface: M3 pillars
• Electrical interface: CubeSatKit connector
• Structural/mounting interface:

– Requires at least 20mm x 20mm aperture for 
panorama camera to deploy throughp p y g

– Requires 20mm x 20mm clear path to aperture, 
ideally from geometric centre of payload bay 
(can be displaced by up to 6mm in any direction 
f i ) d i h h /from geometric centre) and can exit through +/‐
X (preferred) or +Y

– Deployment through +Y gives satellite camera 
reduced field of viewreduced field of view

– Payload position preference: C > B > A
• OrbitView field of view:

120°

20110109UKKO

– Universe Camera:120° (180° will be synthesised) 
– Satellite Camera: 180° one shot 180°



Interfaces: Low profileInterfaces: Low profile
• Elements:

– Low profile PC/104 cardLow profile PC/104 card

– Optional 20mm x 20mm sensor board

– Optional wiring harness

• Mechanical interface:
– PC/104 card: M3 pillars

– Optional sensor board – as preferred by platform

– Optional wiring harness – as preferred by platform

• Electrical interface:
– PC/104 card: CubeSatKit connector

– Optional sensor board – four wire (3.3V power +I2C)

• Structural/mounting interface:
– at least 20mm x 20mm surface area on any face 

– path for four wire wiring harness

– No payload position preference

– Allows two additional PC/104 cards or eight 1PP / sixteen 0.5PP 
additional PocketPayloads to share the same UKube payload bay

• OrbitView field of view:

20110109UKKO

• OrbitView field of view:
– Universe Camera: 120° (180° will be synthesised) 

– Satellite Camera:  Not applicable
120°



Interfaces: PocketPayloadsInterfaces: PocketPayloads

• Elements: 1PP 32mm x 32mm x 8mm card

• Mechanical interface:
– Low profile configuration:

in plane 2 x 2 x 1PP array via M2 pillars

– Full height configuration:g g
10PP and 2PP stack via M2 pillars and box

• Electrical interface:
– PocketPayload 4 wire (I2C + 3.3V)

– Optional unified ISP/JTAG/Spy‐Bi‐Wire connector

Optional c stom inter board connectors ia slot– Optional custom inter‐board connectors via slot

• Structural/mounting interface:
– Not applicable as directly

20110109UKKO

– Not applicable as directly 
mounted on IQEA



Payload mass/height budgetsPayload mass/height budgets

Full height configuration Low profile configuration

Height
Envelope height A: 34.00 mm
Connector height B 38 18 mm

Height
Envelope height A: 13.60 mm
Connector height B 17 47 mmConnector height B: 38.18 mm

Mass
myPocketQub IQEA: 132g + 3xSSQ
UK b PC/ R di 8

Connector height B: 17.47 mm

Mass
myPocketQub IQEA: 132g + 1xSSQ
UK b PC/ R di 8UKube PC/vRadio: 8g

OrbitView (S+U cameras): 100g (E)
OpenSpace365: 8g
Q bd i 9

UKube PC/vRadio: 8g
OrbitView SB+W: 10g (E)
OpenSpace365: 8g
Q bd i 9Qubduino+: 9g

SuperLab: 10g (E)
SuperSprite: 12g
TOTAL 279 (E)

Qubduino+: 9g
SuperLab: 10g (E)
SuperSprite: 12g
TOTAL 189 (E)

20110109UKKO

TOTAL: 279g (E)
+ shielding/ballast if permitted

TOTAL: 189g (E)
+ shielding if permitted



Payload power budgetPayload power budget

‐ current limiter set to enforce <400mW over the sunlit period

‐ 1800mAh battery on board to buffer loads

‐ can operate during eclipse with no load on UKube if permitted

‐ payloads individually switchable

M d l St db ( W) T i l ( W) P k ( W)Module Standby (mW) Typical (mW) Peak (mW)

myPocketQub IQEA <6 (E) 49 (E) 102

PocketPayloadsPocketPayloads

OpenSpace365 <4 50 (E) 110 (E)

OrbitView <4 38 (E) 1688

Qubduino+ <5 330 (E) 1591

SuperLab <1 <1 <1

S S it <1 <1 <1

20110109UKKO

SuperSprite <1 <1 <1



Payload data budgetsPayload data budgets

Th l ti d t i t d• There are no real time data requirements and we can 
work with as much or as little bandwidth is available

• Payloads were originally designed for a 1200 baud dataPayloads were originally designed for a 1200 baud data 
link and will not all be active simultaneously

Module Typical data Typical data OnboardModule Typical data Typical data  Onboard
upload download data storage
(Kbit per day)  (Kbit per day)

P k tQ b IQEA 1 1 16 KbitmyPocketQub IQEA 1 1 16 Kbit 
OpenSpace365 1 512 shared per 16 Gbit
OrbitView <0.5 payload priority 16 Gbit}
Qubduino 1 <0.1 16 Gbit
SuperLab <0.1 <0.1 64 bit
SuperSprite <0.1 0 16 Kbit

20110109UKKO

SuperSprite <0.1 0 16 Kbit
Total <3.8 kbit per day <514 Kbit per day 

more bandwidth can be utilised if available



RisksRisks

t ti l t t d t t h• part time volunteer student team, however:
– large pool to test and choose from
professional management– professional management

– exam and high churn plans in place
• lack of priority access to test facilities however:• lack of priority access to test facilities, however:

– multiple sources of supply (including international)
– testing early and often– testing early and often

• a few single source components, however:
– components already ordered or in hand– components already ordered or in hand

• risk of radio frequency interference, however:
– happy to supply hardware for test to integrator

20110109UKKO

– happy to supply hardware for test to integrator
– independent kill switch 



Detailed scheduleDetailed schedule
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MaturityMaturity
Software

H d S G d W bHardware Space Ground Web

myPocketQub IQEA:

PocketPayload adaptor +++ +++ ++ ‐PocketPayload adaptor

Virtual radio/payload adaptor ++ + i ‐
Low profile configuration only:

Sensor board + ‐ ‐ ‐

Sensor wiring harness + ‐ ‐ ‐

P k tP l dPocketPayloads:

OrbitView ++ ++ +++ +

OpenSpace365 +++ +++ +++ +p p

Qubduino +++ +++ +++ ‐

SuperLab +++ +++ +++ ‐

20110109UKKO

SuperSprite +++ +++ +++ ‐
Key:   i awaiting information   + specified   ++ designed   +++ bench   ++++ system   +++++ flown



AssumptionsAssumptions

i ht b itt d t b d b tt t• we might be permitted to use our board battery to 
power myPocketQub 442 during eclipse so we can 
image one or more complete orbitsg p

• we will be told how eclipse will be signalled
• we will be permitted to discuss the project in public p p j p
soon (making clear that we might not be selected) so
– we can put myPocketQub 442 on the web to start 
simulating months of real operationssimulating months of real operations

– we can start actively seeking virtual payloads at public 
events such as European CubeSat Workshop (January), 
UKSEDS f (F b ) M k f i UK (M h)UKSEDS conference (February), Makerfaire UK (March), 
Annual CubeSat Developers Workshop (April), etc.

• we will be given the specifications for the ground

20110109UKKO

we will be given the specifications for the ground 
control web interface soon



Q&A sessionQ&A session

Thank you for the opportunity!Thank you for the opportunity!

Michael Johnson
spaceprojects@ukseds org
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spaceprojects@ukseds.org


