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Global Sensor Network

remote sensor data gathering
bidirectional communications
low earth orbit satellites
complete architecture




Global Sensor Network

Australian Space Research Program

$5,000,000




Global Sensor Network

Total Project

$12,000,000

http://www.itr.unisa.edu.au/projects/global-sensor-network




Institute for
Telecommunications
UniSA | Research

Y

i, Australian Government

“',; 9«  Department of Defence
Defence Science and

Technology Organisation

O SAGE J‘{{/\ 1||§|I|D

AUSTRALIAN INSTITUTE CSIRO
OF MARINE SCIENCE

/A COM DEV

space.gov.au




livestock tracking, water/ground
water chemistry, animal and fish
migration, vessel tracking,
Sy e underwater marine ecosystems,
— remote machinery/equipment,
underground seepage & melt-
water, lake and river heights and flow
rates, surface ice, earthquakes,
surface level emissions, acoustic
phenomenon, sub-surface
parameters (pressure, temperature,
volcanic activity etc), micro-
climates, under-canopy forest
biometrics, surface chemical
sniffers, surface atmospheric
pressure, oil, gas and mining
| interests, National Defense tracking
d & monitoring, remote machinery/
equipment monitoring, machine-to-
machine, national security and
defense, .........




Application Requirements

Service Type 1 Service Type 2
Vessel tracking, Mobile asset tracking Environmental sensing with control
Marine drift sensing, Pipeline Remote rig monitoring and control
monitoring Defense applications
Number of Very Large Medium
Terminals 100,000’s 100’s
Short Longer
Message Length (10's of bytes) (Kilobytes)
Update Period 1 hour 6 hours
Data Path Remote to Central Bidirectional

Direction



from a blank sheet of paper ...




fleld proven system
space qualified hardware
2 years




How the Global Sensor Network Works
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very large numbers of terminals



How the Global Sensor Network Works

bidirectional communication



How the Global Sensor Network Works

Signal
Processing

Internet

flexible and scalable system



System Architecture: Onboard SDR
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System Architecture: Centralized
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Development Methodology

Considered Upfront

Living Reference Model

Software Defined Radio




Traditional Development
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GSN Development Methodology
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Mathematics and Simulation




Bench Testing

Iteration 2
2 acquired, 2 decoded, 2 linished

= Terminal 1

=== Terminal 2

-13.66 dB

15 2 2.5 3
Frequency (KHz)

bench proven July 2012
In clean room with space hardware




ST1 Field Trial Communications System

Space Qualified
Channel Capture Payload

Remote Terminals

Compute Cluster

Ettus Research USRP E110



ST2 Field Trial Communications System
SDR4902 Demo Payload
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ST2 Field Trial Communications System
SDR4902 Demo Payload
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Aircraft Trials

field proven April 2013
flights over South Australia




Advanced SDR Testbed

Single physical SDR terminal (USRP)

Combine
Front End

Channel Offsets:
Power
Time
Doppler
Doppler Rate
S —

Scenario Script

Scenario scripts for
remaining USRPs

Number of physical Scenario Script
SDR terminals Generator
(USRPs) to target

(run offline)

Simulation Parameters:
Satellite Dynamics LEO
Termlnql Distribution Channel Simulator
Transmit Schedule
Operating Frequency (run offline)




Aircraft Trials

Looped replay of a 14 minute satellite pass

10,000’s of terminals successfully detected
single 25kHz channel




47,299 terminals successfully detected




Multiuser Receiver
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Iteration 5
2 acquired, 0 decoded, 0 finished
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Iteration 10
5 acquired, 2 decoded, 2 finished
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Iteration 19
9 acquired, 9 decoded, 9 finished
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Testing Under Heavy Load

9 terminals transmit
Tightly overlapped within 5kHz

45 messages in a single 25kHz channel

10 minute Satellite Pass
More than 100,000 terminals




Aircraft Trials

(AR E AR AR
i

i

4200 Performance Metrics O sacs

zeneral Siie Details Creneral Svadem Engime

Rig D [ Dhriling Wlaale A 0l Frevure
| Raoid Handling Mods | [2s Temjereatare
[ AP Temperaturs

MOP M

Red Chasgeaior

Remote Monitoring and Control
Bidirectional communication




< Aircraft Trials
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Low Cost Small Form Factor Terminal

GSN bidirectional radio interface
Integrated GPS
USB OTG Interface
Credit card size (85 x 50 x 25 mm)
Reprogrammable waveform processing




Satellite Trials

Packet
Successfully

(0 Decoded
i 32mW Tx Power
M Flat antenna

g ' ¥ ' ‘ (65x45mm)

space proven June 2013
low earth orbit satellite




Satellite Trial - Field Deployment
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Satellite Trial - Receiver Stress Test

Iteration |
10 acquired. 10 decoded. 10 finished
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Satellite Trial - Receiver Stress Test

10 terminals transmit tightly overlapped

Equivalent density of
50 terminals in a single 25kHz channel

10 minute Satellite Pass
120,000 terminals




Global Sensor Network
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Representative Hardware

Initial Operational Capability Full Operational Constellation

logical progression




Solution Differentiators

use case driven
greenfield design
Innovative system

flexible
scalable
efficient

satellite and aircraft trial proven

Enabled by SDR




Global Sensor Network
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