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the P lan has been developed in  recognit ion of  the fact  that  
Austra l ia ,  and indeed the wor ld ,  i s  on the cusp of  a  new era in  
the prov is ion of  g loba l  and reg iona l  nav igat ion sate l l i te  systems.  
in the coming decade,  the fami l iar  and wide ly  used globa l  Pos it ion ing 
system (gPs)  wi l l  be jo ined in  space by comparable  systems from 
russ ia  (glonAss) ,  europe (ga l i leo)  and china (Be idou) ,  a long with 
reg iona l  augmentat ion systems from Japan (qszz) ,  ind ia  (irnss) 
and poss ib ly  other countr ies .  th is  pro l i ferat ion of  sate l l i te  nav igat ion 
technolog ies  is  set  to change the face of  pos it ion ,  nav igat ion and t ime 
(Pnt)  determinat ion around the wor ld .  new commerc ia l  opportunit ies 
wi l l  emerge and cha l leng ing and exc it ing appl icat ions wi l l  be developed . 
the dawning of  mult i -gnss wi l l  pave the way for  the rea l isat ion of 
s ign if icant benef its  for  the nat ion .

Austra l ia ’s  vast  land mass ,  sparse populat ion ,  dependence on remote 
industr ies  and un ique geopol it ica l  c i rcumstances demand a  un ique 
approach to secur ing the benef its  mult i -gnss promises .  We cannot 
afford to wait  for  the rest  of  the wor ld  to address our  needs .  We 
must act  strateg ica l ly,  dec is ive ly  and proact ive ly  to ensure Austra l ia 
reta ins  i ts  compet it ive pos it ion as  a  wor ld  leader in  the adopt ion and 
explo itat ion of  emerg ing Pnt technolog ies  and in  the development of 
assoc iated products and serv ices .

th is  P lan proposes a  strateg ic  d irect ion that ,  i f  adopted,  could  see 
Austra l ia  lead the wor ld  in  the use of  mult i -gnss.  result ing benef its 
wi l l  inc lude enhanced product iv ity,  job creat ion ,  industry growth,  the 
ident if icat ion of  new export  markets ,  increased compet it iveness , 
improved workplace safety,  enhanced nat iona l  secur ity,  strengthened 
internat iona l  l inkages and a  dynamic  r&D sector. 

G a r y  N a i r n  C h r i s  R i z o s

t h e  H o n o u r a b l e  g a r y  n a i r n  P r o f e s s o r  c h r i s  r i z o s
s t e e r i n g  c o m m i t t e e  c h a i r  W o r k i n g  g r o u p  c h a i r
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In recognition of the significant economic benefit 
the Global Positioning System (GPS) has brought 
to selected industry sectors, the Australian Spatial 
Consortium (ASC) has commissioned the development 
of this Strategic Plan. The objective of the Plan is  
to make recommendations to prepare Australia for  
the challenges of, and capitalise on the opportunities 
that will flow from, imminent and far reaching 
changes in the Global Navigation Satellite System 
(GNSS) domain.

The term “GNSS” refers to current and future satellite 
navigation systems deployed by the United States 
(GPS), Russia (GLONASS), European Union (Galileo), 
China (Beidou), Japan (QZSS) and India (IRNSS). 
Individually or combined, these systems currently 
provide (or will in the coming years provide) reliable 
position, navigation and timing (PNT) information 
in real-time, which can be used for a wide range of 
applications. GNSS receivers in mobile phones and 
private vehicles cater for low accuracy (metre-level) 
consumer applications. However, many industrial, 
scientific, professional and commercial applications 
depend on high accuracy (centimetre-level) 
capabilities. It is the needs of this latter group of users 
that this Plan principally addresses.

Early adoption of GPS in the 1980s has underpinned 
productivity and safety improvements in many 
Australian industries such as transport, mining, 
agriculture and construction. It has spawned the 
growth of new industries and opportunities in areas 
such as the provision of location based services (LBS) 
as well as high accuracy products and services. The 
launch of new GNSS constellations, and upgrades to 
existing systems, will bring added benefits and expand 
technology uptake while increasing dependency on 
this critical technology. This Plan focuses on the 
barriers to greater adoption of GNSS for applications 
such as machine guidance, mapping and precise 
navigation which are critical to Australia’s security, 
productivity and economic well-being. It is argued 
therefore that GNSS must lie at the heart of a new 
component of critical infrastructure – 

gnss Must lie At 

tHe HeArt of A neW 

coMPonenet of criticAl 

infrAstructure – tHe 

nAtionAl Positioning 

infrAstructure

the National Positioning Infrastructure (NPI).  
The NPI will be capable of providing robust, reliable, 
fit-for-purpose, real-time services to a vast range of  
PNT applications. 

Although there is strong interest in using high accuracy 
GNSS in the agriculture, mining and construction 
sectors, the rate of adoption is still relatively low.  
GNSS is however a core technology for enabling 
machine automation in so-called “dull, dirty and 
dangerous” environments. To secure the consequent 
economic, social and environmental benefits, Australia 
needs to implement a strategy to accelerate the 
rate of uptake of GNSS by these industry sectors. 
Such automation will ensure the nation maintains its 
competitive advantage in primary industry production 
and export. Furthermore, it will drive down fuel costs, 
improve worker safety, lift productivity and reduce 
environmental damage and CO2 emissions. 

This Plan acknowledges the benefits of GNSS to a 
wide array of user communities, identifies the barriers 
to greater adoption, cautions on the vulnerabilities of 
space-based PNT systems, advocates action to solve 
existing coordination issues and urges Australia to 
capitalise on its unique geopolitical advantage in  
the Asia-Pacific region for enhanced economic and 
social gain. 

Within a few years the number of available GNSS 
signals from space will triple. Because of GNSS 
investments by Japan, India and China, Australia 
will be fortuitously located in a GNSS “hot spot” 
where satellite visibility is at a global high. As a 
consequence, Australia will be amongst the first 
countries in the world in which critical export 
industries will be able to take advantage of improved 
PNT performance and the resulting lowered user 
application constraints.

In keeping with the opportunities presented by the 
emerging “multi-GNSS era”, four strategic initiatives 
are recommended in this Plan, accompanied by a 
number of actions. Against each action, a responsible 
agency or organisation is identified:

executiVe 
suMMArY
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Ensure there is leadership for the 
Australian GNSS community

Adopt a whole-of-nation approach 
to a sustainable, multi-GNSS-
enabled NPI

Mitigate vulnerabilities in existing 
and future GNSS infrastructure

Capitalise on Australia’s unique 
geopolitical advantage

01 02 03 04

Australia must take advantage of its 
unique opportunity to be a first adopter 
of multi-GNSS technology for critical, 
high accuracy PNT applications. 
Leadership in this context requires that 
the constraints to accelerated adoption 
of GNSS for machine automation and 
similar uses be addressed. Ultimately, 
all users will benefit from a raised 
awareness of, and increased confidence 
in the capabilities and benefits of 
multi-GNSS.  

Specific actions under this 
recommendation include:

 Facilitate the development of  
 relevant government policy  
 (SPU; OSP)

 Ensure effective governance of  
 GNSS related infrastructure and  
 services (GA)

 Increase awareness of GNSS in the  
 broader community (ASC) 

 Identify and nurture “champions”  
 across industry and government  
 (OSP; ASC)

 Communicate with stakeholders  
 to build awareness of activity and  
 capability (GA)

 Upgrade fundamental geodetic  
 reference stations to full multi-GNSS  
 status (GA)

Coordination amongst stakeholders 
in the NPI (infrastructure providers, 
service providers and users) will 
bring cross-sectoral benefits, reduce 
duplication and secure efficiency gains. 

Specific actions under this 
recommendation include:

 Identify and coordinate the activities  
 of government and private sector  
 CORS providers (GA) 

 Coordinate the deployment and  
 operation of the GNSS component  
 of the NPI (GA)

 Establish uniform CORS operating  
 principles (GA)

 Establish appropriate governance,  
 funding and business models to  
 operate the NPI and deliver NPI- 
 related products and services (GA)

 Coordinate international  
 collaboration in multi-GNSS regional  
 and global initiatives (GA; SPU)

As the uptake of GNSS increases, 
the vulnerability of many sectors to 
disruption or loss of GNSS services will 
likewise increase. Action is needed 
to mitigate the threat to GNSS from 
interference, in order to increase the 
resilience of systems to temporary 
loss of GNSS signals and, where 
appropriate, to implement backup 
systems or procedures. 

Specific actions under this 
recommendation include:

 Ensure that the NPI is treated as  
 Critical Infrastructure for the nation  
 (SPU; OSP)

 Establish a Community-of-Interest  
 as part of the Trusted Information  
 Sharing Network (TISN) for Critical  
 Infrastructure Resilience (OSP) 

 Investigate the role of an SBAS  
 within the NPI (CASA; GA)

 Protect the GNSS spectrum against  
 interference (ACMA; GA)

 Mitigate GNSS dependency risks  
 (GA; ASC) 

Australia is uniquely placed 
(geographically, politically, 
economically, industrially and 
scientifically) to secure national  
(and regional) benefit from the multi-
GNSS environment. 

Specific actions under this 
recommendation include:

 Promote the scientific, technical,  
 business and investment  
 opportunities that stem from  
 Australia’s unique geopolitical  
 advantage (SPU; GA; ASC)

 Assist neighbouring countries adopt  
 and exploit the benefits of multi- 
 GNSS (ASC; GA)

 Determine capacity needs and skills  
 requirements to service Australia’s  
 growing GNSS industry (ASC)

 Grow the education and research  
 sector to service demand for  
 skilled GNSS engineers, scientists  
 and researchers (ASC)
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BeiDou cHinese gnss (Also knoWn As coMPAss)

cAsA ciVil AViAtion sAfetY AutHoritY

coMPAss cHinese gnss (Also knoWn As BeiDou)

cors continuouslY oPerAting reference stAtion

Dgnss DifferentiAl gnss

DgPs DifferentiAl gPs

Dsto Defence science AnD tecHnologY orgAnisAtion

esA euroPeAn sPAce AgencY

gA geoscience AustrAliA

gAlileo euroPeAn union gnss
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glonAss russiAn gnss
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gPs gloBAl Positioning sYsteM - us gnss

icAo internAtionAl ciVil AViAtion orgAnisAtion

ict inforMAtion & coMMunicAtions tecHnologY

irnss inDiAn rnss

lBs locAtion BAseD serVices
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Pnt Position, nAVigAtion AnD tiMing

PPD PriVAcY Protection DeVice

qzss quAsi-zenitH sAtellite sYsteM - JAPAnese AugMentAtion  
 sAtellite sYsteM for gPs & gAlileo

rnss regionAl nAVigAtion sAtellite sYsteM

sBAs sPAce BAseD AugMentAtion sYsteM – terM reserVeD  
 for AugMentAtion sYsteMs for AViAtion APPlicAtions

siic sPAce inDustrY innoVAtion council

sMe sMAll MeDiuM enterPrise

sPu sPAce PolicY unit

tisn trusteD inforMAtion sHAring netWork
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However, GPS signals are very weak and cannot be used for reliable PNT services when sky-view is limited, including for 
indoor, dense urban and open-cut mine applications.

The EU’s Galileo system is scheduled for initial operational capability (18 satellites) by 2015 and full operational capability by 
2020. China’s Beidou system is also expected to be fully operational by 2020 (Lemmens, 2011)

The former is in the form of “augmentation” satellites that make possible improved services over those of a standard GNSS, 
and the latter in the form of a complete regional system that services only a region of the globe.

1

2

3

DeliVering  

tHe gPs signAls  

to eArtH is A 

netWork of 

APProxiMAtelY

sAtellites

The Global Positioning System (GPS), launched and 
sustained by the US Government, is an indispensible 
utility for modern society. GPS comprises a 
constellation of satellites broadcasting signals that 
can be tracked by portable devices (receivers). Such 
receivers are able to deliver continuous, accurate, 
3D position, navigation and timing (PNT) solutions 
worldwide by making simultaneous measurements 
of distance to a minimum of four satellites1. The 
availability of a universal PNT system has changed 
the way we live, do business and interact with the 
world around us. For example, GPS receivers in cars 
and mobile phones allow us to navigate to places 
of interest and to access services based on our 
current location. Similarly, GPS has enabled more 
efficient and productive farming, the measurement 
of continental drift and the determination of space 
weather. GPS supports real-time land, sea and air 
navigation, underpins telecommunications, validates 
electronic financial transactions and has improved 
productivity and safety in mining and construction. 

GPS technology adoption and the development 
of new applications, products and services have 
increased dramatically in recent years. Continuity 
of the GPS service is guaranteed (US Government, 
2010) and it is provided to users worldwide without 
restriction and free of charge. GPS devices are 
nowadays relatively low cost. Their development 
has underpinned a massive electronics and services 
industry – they have become smaller (now a single 
chip within a mobile phone), draw less power,  
and have substantially more functionality than  
ever before. 

Delivering the GPS signals to earth is a network of 
approximately 30 satellites (the “space segment”) 
that provide continuous global coverage. A number 
of ground control and monitoring stations (the 
“control segment”) maintain system performance. 
Although GPS is operated by the US military, it is 

the quintessential dual-use (military and civilian) 
technology. A huge civilian GPS user community now 
exists with considerable investment already made in 
augmentation systems to deliver enhanced accuracy, 
reliability and integrity for certain mission critical 
and/or professional applications. Collectively these 
are the so-called “user segment”.

GPS has been available to civilians since the early 
1980s and is the first example of a Global Navigation 
Satellite System (GNSS). The generic term GNSS 
is nowadays preferred to GPS because of progress 
made in the development of other satellite-based 
PNT systems. Russia’s GLONASS will achieve full 
operational capability by the end of 2011 or early 
2012, while the European Union and China are each 
establishing their own GNSS2. Furthermore, Japan 
and India are progressing their own regionally 
focused systems3. The introduction of these new 
GNSSs will fundamentally change the global PNT 
landscape. This emerging “multi-GNSS era” provides 
the impetus for this Strategic Plan. The objective is 
to ready Australia and provide strategic direction for 
optimal future use of multi-GNSS. Before speculating 
on this future, we will first review the current state 
of GNSS usage in Australia.

gPs:  

situAtion 

AnAlYsis

BACkGROUNd
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A less well known application of GPS is in 
precision timing. GPS is used to provide timing for 
synchronising telecommunications, electricity grids 
and data networks as well as time stamping financial 
transactions in the banking sector (The Royal Academy 
of Engineering, 2011).

The Australian Defence Force, belonging to a select 
group of US military alliance partners, secures its 
access to encrypted precision GPS signals through an 
agreement with the US Government. The terms of this 
agreement flow from the stated objectives of the 2009 
Defence White Paper (Australian Government, 2009a). 
Under the agreement, Australia returns value to the 
US by operating a GPS monitoring station in South 
Australia which forms part of the critical GPS control 
segment. In 2010 a Joint Statement on Bilateral 
Cooperation in the Civil Use of GPS and Civil Space 
Activities was signed by both nations. Joint research 
exercises also take place under a bilateral agreement 
to improve the resilience of GPS, involving both 
military and civilian participation.

Australia has benefitted from both civilian and military 
access to GPS since the 1980s and has a highly 
developed user sector. In 1984 government surveyors 
upgrading South Australia’s survey control network 
were among the first civilian GPS users. More broadly, 
Australia is regarded as a lead nation in the adoption 
and penetration of GPS technology and services. There 
are a number of examples where manufacturers of 
GPS equipment have purchased or copied Australian 
innovations for use in international markets. 
Australian start-up companies Beeline Technology, 
Tritronics and KEE Technologies are examples of 
SMEs that have developed world leading technology 
in GPS-enabled machine guidance systems for the 
agriculture and mining sectors in the 1990s. All three 
now function as research and development centres 
for large, multi-national corporations (Space Industry 
Innovation Council, 2010).

GPS is fundamental to Australia’s spatial data 
framework. In the late 1990s Australia moved to a 
new national geodetic datum – the Geocentric Datum 
of Australia 1994 (GDA94). GDA94 is based on the 
Australian Fiducial Network, a network of eight 
permanent GPS receivers spread across the country 
(Featherstone, 1996). GDA94 is now the fundamental 
spatial reference frame for Australia to which location 
information such as digital maps and other spatial 
data are related. GPS is critical to the on-going 
improvement of this reference frame to achieve higher 
accuracy and to account for the inter- and intra-
plate motion of the Australian continent, in order to 
support the goals of modern geodesy in expanding our 
knowledge of the dynamic earth (GGOS, 2009).

GPS IN AUSTRALIA
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GETTING MORE OUT OF GPS Standalone GPS and Communications

GPS can be considered an enabling technology which 
can be embedded in other devices or systems for many 
purposes. No attempt is made to list all applications 
in this Plan. However, this section provides an insight 
into the breadth of current GPS use within Australia. 
For further information, a recent study by The Royal 
Academy of Engineering provides a more complete 
summary (The Royal Academy of Engineering, 2011).

Standalone GPS

 
GPS is designed in such a way that it can support 
an unlimited number of users. The most basic form 
of PNT solution can be achieved with a standalone 
GPS receiver without the need for any other external 
inputs. The vast majority of consumer-grade devices 
provide a standalone solution4, with mobile phones 
and car navigation systems making up the bulk of this 
user segment5. Such solutions are adequate for many 
infomobility applications such as vehicle navigation and 
telematics, and other location based services (LBS).

The horizontal positioning accuracy is about 5-10m, the vertical accuracy 2-3 times worse, and the timing accuracy 
is of the order of 0.1 microseconds.

These user segments represent an estimated 99.9% of the market for GPS devices.

4

5

Through the ability to instantaneously communicate 
location information, ICT applications can be built to 
respond to the location or movement of GPS-enabled 
devices. For example, road-freight vehicles are 
monitored using GPS to ensure that speed limits, driver 
rest requirements and route restrictions are adhered to. 
Corrective Services use GPS to monitor the movement 
of people who must remain in one location or in a 
limited geographic area. Parents and aged care facilities 
use GPS to monitor the location of the young and 
old. Bushwalking and four wheel driving enthusiasts 
carry GPS-enabled beacons which allow them to 
issue a distress signal in an emergency situation 
which includes their GPS location. The so-called ‘E911 
mandate’ in the US requires all mobile phones to be 
able to provide location within 50m automatically when 
emergency calls are made, with embedded GPS chips 
now increasingly providing this information.
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Enhanced Accuracy GPS

Differential GPS (DGPS) techniques determine the position of user devices relative to a “reference station”, and therefore 
require the simultaneous operation of a pair of GPS receivers – the user device whose position is to be determined and 
the reference station receiver whose location is already known.

Auscope:    http://www.auscope.org/content.php/category/id/18

GPSnet:    http://gnss.vicpos.com.au/

CORSnet-NSW:   http://www.corsnet.com.au

SunPOZ:    http://www.derm.qld.gov.au/gnss/pdf/sunpoz_flyer.pdf

AMSA:    http://www.amsa.gov.au/Shipping_Safety/Navigation_Safety/

SmartNet Aus:   http://smartnetaus.com

AllDayRTK:    http://www.alldayrtk.com.au/

GPSNetwork Perth: http://www.gpsnetworkperth.com.au/

Checkpoint:    http://www.cors.com.au/

6
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Major infrastructure investments have occurred 
through Commonwealth and State Government 
initiatives, such as AuScope7, GPSnet8, CORSnet-
NSW9, SunPOZ10 and AMSA’s DGPS service11. The 
private sector has also invested in CORS network 
infrastructure, such as SmartNet Aus12, AllDayRTK13, 
GPS Network Perth14 and CheckPoint15. Large 
agricultural system distributors have likewise built 
reference station infrastructure (e.g. SST-GPS), 
although these stations tend not to be integrated nor 
intended for multi-purpose use. Improved accuracies 
achieved via satellite communications are also 
available in Australia from Omnistar, owned by Trimble 
Navigation, and StarFire, operated by John Deere. 
These both require Australian-based CORS in order to 
generate GPS correction data. 

Most enhanced accuracy applications use Russia’s 
GLONASS system in addition to GPS – hence it is 
more appropriate to refer to enhanced accuracy 
differential GNSS (DGNSS) rather than DGPS. While 
the addition of GLONASS doesn’t necessarily improve 
accuracy, the solution availability is enhanced 
because more satellites are visible. This is particularly 
important in environments where sky-view is partially 
obscured, such as in open-cut mines or when working 
in steep terrain, and in so-called “urban canyons”.

Currently, many users requiring enhanced accuracy, 
operate their own CORS (or temporary reference 
station) and communications link. Such an approach 
is often restricted to a proprietary solution and is 
therefore not always available, interoperable nor 
compatible with the requirements of other local 
users. This ad hoc proliferation of CORS has resulted 

With additional ground or space-based infrastructure 
it is possible to enhance the accuracy and reliability 
of GPS. This improvement, or augmentation, of GPS is 
able to deliver positioning solutions at the sub-metre 
level using differential GPS (DGPS) methods and 
even at the centimetre-level with more sophisticated 
methods. Many professional and scientific 
applications are now dependent on the provision of 
enhanced accuracy GPS solutions, for example:

In recent years, adoption of auto-steer systems  
in agriculture based on enhanced accuracy GPS  
has occurred, realising significant economic, social 
and environmental benefits (The Allen Consulting 
Group, 2008). 

The construction and mining sectors realise benefits 
through real-time work progress monitoring and safety 
systems delivered using enhanced accuracy GPS. 

Underground assets and utilities are protected  
from damage by excavation because their location is 
more accurately known and the real-time location of 
the excavation equipment can be determined  
with confidence. 

The impact of climate change on sea level rise can 
be accurately measured by using GPS to monitor 
the movement of tide gauges and coastal structures 
(GGOS, 2009).

To support enhanced accuracy GPS applications 
in Australia, the private sector and government 
organisations have invested in ground-based 
infrastructure to support DGPS positioning6. This 
infrastructure ranges from portable reference stations, 
which farmers, mines, construction companies and 
others deploy to meet their operational needs, to 
Continuously Operating Reference Stations (CORS), 
which are permanently established on very stable 
structures and allow value-added PNT products and 
services to be delivered on a commercial basis.

in duplication of service, dramatic over investment, 
variable quality control and management practices, 
and uncertain reference frame realisation. The need 
for a coordinated approach is evident, especially as 
we enter the multi-GNSS era.

A report by Lateral Economics estimates that in 2009, 
the number of private, standalone reference stations 
in Australia was in the order of 3000. While 3000 
stations would in fact be adequate to service the 
entire Australian continent, the current installations 
have been inefficiently placed (poor geographic 
distribution) and not installed to agreed standards, 
meaning the investment only delivers services to 
a fraction of the country and a small proportion of 
potential users. It has been estimated that continued 
ad hoc investment of this form will support the 
growing high accuracy GPS positioning industry, 
generating between AUD$73 Billion and AUD$134 
Billion from 2009 to 2030 to the mining, agriculture 
and construction sectors alone (The Allen Consulting 
Group, 2008). However, a coordinated approach 
through the national rollout of a standardised 
reference station network could reap additional gross 
benefits of AUD$32 Billion to AUD$58 Billion in the 
same period (The Allen Consulting Group, 2008). Such 
a network could form the basis for the CORS element 
of a NPI, addressing the needs of a wide cross-section 
of enhanced accuracy users and delivering benefits  
to all sectors. 
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Enhanced Integrity GPS Precise Timing from GPS

Some applications of GPS, such as aviation, require a 
much higher level of guaranteed service (referred to 
as “integrity”) compared to standalone or enhanced 
accuracy services. A Space Based Augmentation 
System (SBAS) is an example of a service which, 
in addition to broadcasting corrections to improve 
the accuracy of position, delivers GPS integrity 
information to users, essential for mission critical 
applications. An SBAS consists of one or more 
geostationary satellites which transmit position 
and integrity information to users, derived from a 
permanent ground-based reference station network. 
An advantage of an SBAS for aviation users over a 
system using a terrestrial communications link is  
that it would provide nation-wide (and possibly 
regional) coverage. 

Aviation is the primary application for enhanced 
integrity GPS services. This capability is particularly 
important to support the implementation of 
Performance Based Navigation (PBN) and 
Approach with Vertical Guidance (APV) (Australian 
Government, 2009b). APV is vital in mitigating 
Controlled Flight Into Terrain (CFIT) incidents such as 
those which occurred at Lockhart River, Queensland, 
2005 (15 fatalities) and Kokoda, Papua New Guinea, 
2009 (13 fatalities) (Civil Aviation Safety Authority, 
2010). APV approaches, such as those enabled by 
SBAS, are some eight times safer than non-APV 
approaches. Australia has supported an International 
Civil Aviation Organisation (ICAO) resolution that 
commits the nation to adoption of APV by 2016. 
To date no firm plans exist to build and operate an 
Australian or regional SBAS, though discussions 
are taking place within the Civil Aviation Safety 
Authority (CASA).

GPS makes possible the dissemination of time at 
the sub-microsecond level, effectively synchronising 
all devices attached to a GPS timing receiver. Such 
synchronisation is vital for telecommunications, 
computer/data networks (upon which much of the 
banking sector rely), and the efficient operation of 
electricity distribution grids.

Military Use of GPS

Military systems which use GPS provide the 
Australian Defence Force (ADF) with a powerful 
strategic and tactical technology to assist in 
maintaining Australia’s national security. Under 
the conditions of Australia’s alliance with the US 
the ADF is granted privileged access to encrypted 
GPS signals that are not available for civilian use. 
These signals are more resistant to jamming and 
provide improved positioning accuracy for standalone 
GPS devices. It should be noted that many military 
applications mirror those in the civilian sector.
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In 2008, Kim Bowman, an Agribusiness consultant 
from Queensland, undertook a study of the economic 
and environmental impacts of controlled traffic 
farming (CTF) adoption on the Darling Downs 
(Bowman, 2008). CTF employs high accuracy GPS 
positioning to guide farm machinery so that the 
wheels of such machinery always follow the same 
path through a paddock, regardless of the operation 
being undertaken. Sometimes these wheel tracks 
are known as “tram lines” to reflect the fact that the 
machinery never diverts from them. The use of CTF 
results in less soil compaction which in turn yields 
substantial benefits. Bowman’s objective was to 
quantify those benefits.  

The benefits of CTF can only be realised through 
machine guidance, typically accomplished by using 
high accuracy (±2cm) GPS technology.

The key benefits documented in Bowman’s  
study included:

68% increase in farm gross margin 
67% reduction in farm labour costs 
90% reduction in soil erosion 
93% reduction in Nitrogen loss through runoff 
52% reduction in CO2 emissions 
52% reduction in diesel use 
45% reduction in repair and maintenance costs

68% 67% 90%

increAse in fArM gross MArgin reDuction in fArM lABour costs reDuction in soil erosion
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dEPENdENCE 
ANd VULNERABILITy

For example, the European Commission estimated 
that 6-7% of the EU economy is now dependent on 
satellite navigation applications. This dependency 
is expected to grow (European Commission, 2011). 
Similar studies have been conducted in the US 
yielding comparable results (National Transportation 
Systems Center, 2001; National Security 
Telecommunications Advisory Committee, 2008). The 
Australian economy is likewise dependent on GPS and 
subject to the negative impacts of system failure or 
service denial.

Though illegal in Australia, devices designed to 
deliberately interfere with the reception of GPS 
signals – known as Privacy Protection Devices 
(PPDs) – can be readily purchased on the internet 
for less than $30. A low-power PPD can jam GNSS 
signals over areas of several kilometres. In late 2009, 
a PPD operating in a truck caused havoc to a newly 
installed GPS-based landing system at the Newark 
Airport in the US (see side-bar “GPS Jamming”). 
Such incidents will increase as PPDs become more 
common. Examples such as this demonstrate the 
need to recognise the critical importance of ensuring 
continued access to GNSS signals, protecting users 
against the impacts of intentional and unintentional 
interference and jamming, and considering options for 
alternative PNT systems. 

A concern with the current level of utilisation of GPS 
in Australia (and elsewhere) is whether or not suitable 
back-up systems are in place. System failure, signal 
loss due to intentional or unintentional interference, 
signal jamming, or malicious spoofing can all render 
the system unusable, inaccessible or unreliable  
(The Royal Academy of Engineering, 2011; National 
PNT Advisory Board, 2010). 

The transmission power of GPS signals is very 
weak16. Signal reception is readily interrupted by 
obstructions such as man-made structures, terrain, 
vegetation and sources of radio interference. Hence 
satisfactory performance of GPS requires both a clear 
sky-view (so that a minimum of four satellites can be 
simultaneously “seen” by a user device), and a “clean” 
radio frequency environment (free of competing signal 
transmitters that would overwhelm the GPS signals).

In some cases, procedures can be employed to 
identify and manage the impacts of signal obstruction 
and/or interference. For mass market applications 
temporary unavailability of service would mostly be 
an inconvenience. However, in machine guidance, 
mission critical navigation tasks, safety-of-life and 
some timing applications, the implications of these 
vulnerabilities could be dramatic, if not catastrophic. 

Recent studies have drawn attention to the 
vulnerability of GPS and the significant impact 
that would result should a loss of service occur. 

  The transmission power of the GPS signals is approximately equivalent to a 50 Watt domestic light bulb.16

93% 52% 45%

reDuction in nitrogen loss  
tHrougH runoff

reDuction in co2 eMissions
reDuction in Diesel use

reDuction in rePAir AnD  
MAintenAnce costs

Several studies have been carried out on the 
economic benefits of GNSS. The European GNSS 
Agency estimated that the GNSS market will grow 
at a compound average growth rate (CAGR) of 11% 
from €58 Billion in 2010 to €165 Billion in 2020. 
The total GNSS-enabled market in Europe would 
be valued at €244 Billion in 2020 (European GNSS 
Agency, 2010).

Worldwide the global value of enhanced accuracy 
GPS products and services, a subset of the total 
GPS market, was estimated at US$3 Billion in 2009 
and was predicted to grow to between US$6-8 
Billion by 2012 (a CAGR of 19-23%) (Position One 
Consulting, 2010). GNSS also provides many societal 
and environmental benefits. For example The Allen 
Consulting Group (2008) highlight that improved 
farming practices using GNSS would reduce input, 
reduce soil compaction, increase yield, reduce water 
run-off and soil erosion, reduce impact on water 
quality, lower carbon dioxide emissions, reduce fuel 
usage and reduce stress to farmers. The side-bar 
“GPS in Agriculture” elaborates further on the 
benefits to agriculture that can be secured through 
high accuracy GPS-based machine guidance.

ECONOMIC BENEFITS 
OF GPS/GNSS



AustrAliAn strAtegic PlAn for gnss

C h A P t e R  1 

0 9

No aeroplanes fell out of the sky and no one died. 
But in late 2009 engineers noticed that satellite-
positioning receivers for a new navigation aid at 
Newark Airport in New Jersey (US) were suffering 
brief daily breaks in reception. Something was 
interfering with the signals from GPS satellites. It took 
two months for investigators from the Federal Aviation 
Authority to track down the problem: a driver who 
passed by on the nearby New Jersey Turnpike each 
day had a cheap GPS jammer in his truck.

Such devices are illegal to sell or use, but they 
have become popular with commercial drivers who 
object to their employers tracking their every move. 
A jammer prevents a tracking device in the vehicle 
from determining (and then reporting) its location and 
speed—but it also disrupts GPS signals for all other 
users nearby.

Extracted from The Economist, March 10, 2011 
(www.economist.com/node/18304246)

All other GNSS, RNSS or SBAS have the same vulnerability as they all transmit very low power signals in the microwave 
portion of the electromagnetic radiation spectrum.

Locata Corporation:  http://www.locatacorp.com/.

17

18
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As the uses of satellite-positioning technology 
continue to grow, what can be done to stop 
deliberate and dangerous jamming of the signals? 

These dependencies on and vulnerabilities of 
GNSS in general17 have boosted interest in the 
development of alternative PNT technologies, 
particularly for mission- and time-critical 
applications. For example, inertial sensor systems 
can be used to augment GPS-derived positions 
for short periods of signal outage. Further, the 
Locata technology, a terrestrial positioning 
system developed in Australia18, provides a 
useful complement or alternative to GNSS in 
circumstances where access to satellite signals  
is restricted or unavailable, including  
for indoor and open-cut mine applications  
(Rizos et al, 2011).



Image: ESA - J. Huart
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GPS adoption has increased substantially across 
many industries. This is expected to continue and 
in many cases accelerate. By the end of 2011, 
almost 80% of new mobile phones are expected 
to incorporate GPS functionality (iSuppli, 2010). 
Furthermore, it is forecast that by 2021 between 
66% and 80% of agricultural land used for cropping 
in Australia will be managed, for such things as 
tractor guidance and auto-steer, utilising GNSS (The 
Allen Consulting Group, 2008).

As GNSS adoption increases, the world will 
transition from being reliant on GPS alone, to 
operating in the multi-GNSS era. Assuming 
appropriate compatibility between systems, user 
equipment will access various configurations of 
satellites and signals and associated ground- and 
space-based infrastructure to secure enhanced 
accuracy and integrity. The main advantages of the 
multi-GNSS era over a single system solution include 
improved continuity, accuracy, efficiency, availability 
and reliability (Rizos, 2008).

The imminent change in the GNSS landscape will 
have implications for value-added service industries, 
receiver manufacturers, users, signal providers, 
standards bodies and research institutions. In this 
respect, Australia has an opportunity to adopt a 
strategic approach to the transition to the next 
generation of multi-GNSS technology and services. 
Adopting such an approach promises to secure 
significant and accelerated benefits for the nation.

Over the coming decade the European Union, China, 
Japan and India will launch dozens of new global 
and regional navigation satellites. At the same time, 
Russia and the US will modernise their respective 
systems – thereby realising the multi-GNSS era. 
Given its geographic location, its political, economic 
and industrial environment and its research and 
development strengths, Australia is well placed to be 
at the forefront of multi-GNSS 
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The South East Asian region will have access to all 
GNSS and RNSS systems – an advantage not enjoyed 
by any other region of the world. The launch of new 
constellations will triple the number of navigation 
satellites, and these new satellites will provide 
significantly more signals than are currently available. 
Figure 1 illustrates that, in terms of the number of 
satellites viewable at any time, a GNSS “hot spot” 
will advantageously sit over South East Asia. 

The benefits that flow from having access to more signals, satellites and constellations include:

Reduced ground infrastructure needs  
(and therefore costs)

The opportunity to develop new applications and 
service offerings

Faster and more accurate position determination

Improved reliability and integrity of positioning

Better coverage, particularly in obstructed environments

Reduced vulnerability to single system failure

The ability to undertake real-time positioning over 
greater distances

Geographic Advantage

Figure 1 - The multi-GNSS “hot spot” over South East Asia (University of NSW, 2011)
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Australia offers a stable and dependable political 
environment that is attractive from the perspective 
of international engagement and investment. This 
reality, coupled with the fact that Australia is a large, 
geographically stable, southern hemisphere land mass 
that falls within the GNSS “hot spot”, means that 
Australia is an ideal choice for GNSS system providers 
considering the hosting of critical, ground-based 
tracking and monitoring facilities. A large and widely 
distributed network of ground stations is essential to 
reliably model satellite orbit and clock corrections, to 
provide communication and upload links and to allow 
global monitoring of system performance. Australia 
therefore has an opportunity to develop long term 
partnerships with the world’s most significant space 
powers. Hosting of ground monitor stations of the 
different GNSS control segments has the potential to 
lead to direct benefits for industry, researchers and 
ultimately the user community.

Australia has already exploited its geographic and 
political advantage to some degree. Australia currently 
hosts a GPS monitor station in South Australia. The 
European Space Agency (ESA) operates a ground 
station in Western Australia as part of the Galileo 
test phase. The establishment of a second Galileo 
station in north eastern Australia is currently being 
considered. A monitor station for Japan’s QZSS has 
been installed in the ACT. Both Russia and China have 
initiated discussions with the Australian Government 
and potential Australian host organisations for 
installing test equipment. Opportunities for more 
formal engagement with GNSS system providers 
should be aggressively pursued in order to build 
collaborative relationships.

In the form of Continuously Operating Reference Station (CORS) networks.19

Australia is well placed from a national wealth 
perspective to take advantage of the opportunities 
offered by the multi-GNSS era. Australian 
businesses have demonstrated capacity to exploit 
the opportunities multi-GNSS offers. Historically, the 
private sector has shown a willingness to invest in 
GNSS augmentation systems19 as well as pursuing 
innovative product development. The emergence of 
multi-GNSS will create new opportunities, leading to 
job creation and export potential. In addition, early 
adoption of multi-GNSS products and services by user 
communities has the potential to create competitive 
advantage for key industries like agriculture, mining 
and construction.

Scientific Advantage

In the GNSS field, the Australian research community 
is active and internationally regarded. Our R&D 
strengths coupled with the existence of the GNSS “hot 
spot” will create unique opportunities to undertake 
research into multi-GNSS measurement processing 
strategies, new receiver design architectures, the 
development of new products and services, as well 
as identifying and validating new applications. 
Australia could become a unique global test bed for 
multi-GNSS experimentation, creating opportunities 
for collaborative international research partnerships. 
The side-bar “Development of an Australian Miniature 
GPS Anti-jamming System” describes a collaborative 
R&D project that has developed an innovative, 
miniature anti-jamming device, demonstrating the 
capacity of Australian scientists and engineers in the 
GNSS domain.

Multi-gnss 
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A miniature GPS anti-jamming system that protects 
GPS navigation and timing receivers and can geo-
locate the jamming source has been developed as a 
joint undertaking between the University of Adelaide 
and BAE Systems. The project was funded under 
DSTO’s Capability Technology Demonstrator Program. 
The anti-jamming device has been designed and built 
specifically to support and protect military use of GPS 
for navigation, precision weapons delivery, precision 
timing and the future “digital battlefield”. 

Of particular interest is the use of the system in 
unmanned aerial vehicles (UAVs) which utilise GPS 
for precision navigation, but have restricted payload 
capabilities. In October 2010, the system underwent 
successful demonstration for DSTO.  Opportunities 
for commercialisation and use beyond military 
applications are now being considered.

development of an Australian Miniature GPS 
Anti-jamming System

BAe sYsteMs /  

uoA gPs Anti-JAM 

sYsteM

Recently developed under a Capability Technology demonstrator,  
the GPS Anti-Jam unit performs interference cancellation and direction finding.
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Source:  Michael Vaughan, BAE Systems, Mawson Lakes, South Australia.
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As adoption of GNSS technology in Australia 
expands, both reliance on GNSS availability and 
vulnerability to loss of service increase. Even 
with international agreements in place to ensure 
Australia’s access to the new GNSS signals, there 
is still a very real possibility of intentional or 
unintentional interference. Avoiding or mitigating 
such problems requires a robust approach to 
radio spectrum protection in the relevant signal 
frequencies. Given the rapid development of wireless 
technologies for telecommunications, the risk of 
interference could emerge at any time. For example, 
in the US there is currently significant public debate 
about the potential for a new 4G mobile broadband 
services (called LightSquared20) to interfere with  
GPS signals and thereby deny PNT capability to 
a wide range of users operating near wireless 
base stations. Responsibility for spectrum 
protection in Australia resides with the Australian 
Communications and Media Authority (ACMA). It 
is vital that ACMA monitors international GNSS 
developments closely and voices any Australian 
concerns in regard to GNSS service degradation. In 
this context it should be noted that Australia is one 
of only a few countries in the world with legislation 
specifically aimed at outlawing the possession of 
GNSS signal jamming equipment (PPDs).

In a recent report, the Australian Space Industry 
Innovation Council (SIIC) identified GNSS-based PNT 
capabilities as a strategic priority for space industry 
development in Australia. The report highlighted two 
main components of critical infrastructure which are 
required to augment GNSS usage in Australia and 
thereby enhance its versatility, value and availability. 
The two recommended elements were the CORS 
component of a NPI and an SBAS.

The Australian and New Zealand Land Information 
Council (ANZLIC) has recently released its “National 
Positioning Infrastructure (NPI) Policy” (ANZLIC, 
2011). In this document, the NPI is seen to be an 
amalgam of different positioning technologies and 
facilities, serving a variety of purposes and meeting 
a diverse range of user needs. Figure 2 illustrates 
ANZLIC’s concept of the NPI. It can be seen that GNSS 
technology, and the related augmentation systems, 
make a substantial and essential contribution to 
the NPI. With regard to the CORS component the 
typical ground configuration consists of a relatively 
dense (50-100km spacing) network of permanent 
and stable CORS. The GNSS data acquired at these 
stations is sent via high speed data link to one or more 
Network Control Centres where a series of complex 
computations are performed and measurement 
correction messages are generated. The correction 
signal is transmitted to suitably equipped GNSS users 
(via the internet or some other data link) to achieve 
real-time positioning accuracies of approximately 
±2cm. The focus is on delivering highly accurate, 
real-time positioning. Guaranteed levels of availability, 
robustness of service and solution integrity become 
secondary considerations when accuracy is the 
key driver. To achieve consistently high accuracy 
this component of the NPI must be based on the 
measurement of the carrier signals broadcast by the 
GNSS satellites. This requirement adds significant 
technical complexity, reduces the robustness of the 
solution, imposes a significant cost burden on user 
receiver equipment ($10k+) and demands a high 
density of ground stations.

LightSquared has applied to build a 4G terrestrial wireless communications network in the US.  Recent research has 
confirmed that LightSquared transmissons will interfere with GPS signals. This threat to GPS services has aroused a 
significant reaction from industry and the general public (www.saveourGPS.com).

20
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Augmentation systems such as CORS networks and 
SBAS provide benefits which cannot be realised 
with standalone GNSS services. Unlike many 
other countries, Australia’s large land mass and 
sparse population make delivery of the needed 
infrastructure technically challenging and potentially 
costly. This situation is evident when considering 
the current ad hoc approach to the roll-out of CORS 
networks. To keep pace with other nations, Australia 
must coordinate its approach to NPI and must target 
future NPI developments to optimally realise the 
benefits offered by multi-GNSS. One such benefit 
is anticipated to be reduced station density (and 
therefore cost) compared to what is required under 
the present GPS-only scenario.

The SBAS component is the second element of the 
NPI that is relevant in the context of Australia’s GNSS 
strategic planning. The “ground segment” of an SBAS 
consists of a relatively sparse ground reference station 
network (approximately 20-30 would be required 
across Australia) and at least two Master Control 
Stations (MCS). Using dedicated communications 
links, the MCS acquires and combines the data from 
the reference stations and uses these data to compute 
and model signal errors and to verify the integrity of 
the real-time position solution. Communications with 
users is via two or more geostationary (GEO) satellites 
(the “space segment”) to which the computed signal 
corrections and integrity message are uploaded 
and then re-broadcast. The GEO satellites and the 
dedicated ground communications infrastructure are 
the distinguishing features of an SBAS. They provide 
the guaranteed levels of availability and system 
redundancy needed for safety-of-life and mission 
critical applications such as aviation. In contrast to 
the CORS component of the NPI, the main focus of 
an SBAS is not positioning accuracy, but rather the 
availability and reliability of the augmented GNSS 
signals. SBAS systems do not use the GNSS carrier 
signals, but rather the binary codes to achieve 
accuracies in the range of ±1-2m. SBAS-capable 

user receivers are relatively cheap, costing around 
$300 per unit. Currently Australia has neither an 
SBAS nor a national real-time CORS network. From 
an NPI perspective, there are only small areas of the 
country where real-time, ±2cm accurate positioning 
is available. The Victorian Government, for example, 
offers a state-wide service, driven largely by the 
needs of precision agriculture and other machine 
guidance applications. Similar networks of smaller 
scale do exist, established by government and private 
sector operators, but true national coverage and 
consistency of operation is not available.  

While targeting a different user sector, an SBAS 
provides an intermediate step toward realising the 
NPI. The accuracy offered by SBAS is not sufficient  
for applications such as precision agriculture,  
machine guidance, mining, construction and surveying, 
however it will enable applications and stimulate 
advances in many other domains such as marine 
navigation, road transport and emergency services. 
The truly ubiquitous nature of an SBAS coupled with 
the high reliability of the service will further promote 
and encourage adoption, bringing accelerated benefits 
to many users.21

CASA is considering various options for an SBAS, including possible cooperation with 
Japan and/or India on the design of a regional SBAS.

21
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Several economically significant Australian 
industries rely on and benefit from satellite-based 
PNT for their day-to-day operations. However, the 
rate of adoption is relatively low. For example, it 
is estimated that less than 20% of companies in 
the mining, agriculture and construction sectors 
have thus far invested in GNSS-based machine 
automation systems. Further economic and social 
benefits can be secured by these and other 
industries through a national GNSS strategy that 
aims to overcome barriers to adoption, and facilitate 
innovation and the development of new applications 
across a broad range of industries. 

As new GNSS constellations become available, 
now is the time to address Australia’s future use of 
GNSS. Maximum national benefit will be secured 
by providing coordination, a policy framework, 
the underpinning infrastructure and appropriate 
augmentation services to support the PNT needs 
of every user, anywhere in Australia. The result 
will be improved productivity and workforce safety, 
maintenance of Australia’s comparative global 
economic advantage in key industries, increased 
export income, improved environmental monitoring, 
lowered C02 emissions, and an enhanced reputation 
as a nation of innovators.

Australia’s geographic location, middle-power 
status, stable politics and robust economy mean that 
Australia can occupy a unique position in the global 
GNSS community. Formal and high level engagement 
with GNSS system providers and the coordinated 
roll-out and operation of a GNSS component of the 
NPI are considered pre-conditions for these benefits 
to be fully realised.
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1.  
Australia has no investment in the space segments 
(i.e. satellites) of any of the current or future GNSS.

2.  
Australia hosts one GPS monitor station in South 
Australia and one QZSS ground station at Mt Stromlo 
(ACT). Discussions are underway to host ground 
monitor stations for other GNSS system providers.

3. 
 Australia has a growing dependence on GPS, and 
to a lesser extent GLONASS, across a wide range of 
industry sectors.

4.  
Exploitation of GNSS brings substantial economic and 
public good benefits to the nation, estimated to be of 
the order of several billions of dollars per annum.

5.  
High accuracy GNSS contributes significantly to 
Australia’s economic well-being, through productivity 
gains in the agriculture, mining and construction 
sectors in particular.  

6.  
There is a healthy level of basic and applied GNSS 
R&D being undertaken by universities, government 
agencies and the private sector.

7.  
There is a niche Australian industry sector developing 
and exporting GNSS products for the machine 
automation market.

8.  
Australian participation in international scientific 
and political forums concerned with GNSS is at an 
impressively high level.

9.  
Dependence on a single GNSS (e.g. GPS) results in 
an increasing, and potentially unacceptable, level of 
national vulnerability.  

10.  
The current ad hoc proliferation of CORS networks 
across Australia may unintentionally restrict the 
benefits realisable under a multi-GNSS environment.

11.  
Australia has a number of unique geopolitical 
advantages when it comes to GNSS technology and 
applications which can be exploited to the benefit of 
industry, the community and the environment.

12.  
The potential benefits to Australia of multi-GNSS are 
more significant than those currently enjoyed under GPS 
alone, principally due to the expected increased uptake 
of GNSS for machine automation, and the development 
of new innovative user applications.

13.  
These additional benefits will flow from the improved 
performance of multi-GNSS. 

14.  
Benefits will also flow from increased system 
interoperability, resulting in reduced complexity and the 
lowered cost of multi-GNSS receivers and operations.

15.  
Australia is well positioned geographically, politically, 
scientifically, industrially and economically  
to exploit these benefits.

16.  
Australia is located in the GNSS South East  
Asian “hot spot”.

17.  
The level of benefits secured for the nation will depend 
on factors over which Australia has influence, such as 
investment in appropriate national CORS infrastructure, 
increased coordination of GNSS facilities and 
operations, improved governance, investment in R&D, 
and education and leadership in general.

18.  
Full exploitation of the capabilities of multi-GNSS 
requires the facilitation of a GNSS component of the 
NPI that will yield improved accuracy and reliability, and 
secure enhanced integrity, not only through coordination 
of the establishment of CORS networks but through 
mechanisms for monitoring and ensuring service quality 
and maintaining the national spatial reference frame.

19.  
The NPI must be regarded as Critical Infrastructure 
for the nation and be designed, built and operated 
in a manner commensurate with its fundamental 
importance.

20.  
With appropriate support, Australian industry, along 
with the research and education sector, could be up-
skilled and grown to exploit the opportunities that will 
emerge during the multi-GNSS era.

With regard to the present: With regard to the future:



1.1 
Facilitate policy development for international 
engagement on GNSS-related issues, such  
as hosting of ground monitor stations, the 
establishment of international GNSS test beds in 
Australia and participation at international GNSS 
forums. (SPU; OSP) 
 
1.2 
Ensure appropriate and effective governance to 
coordinate government and private sector investment 
in enhanced GNSS infrastructure, and products and 
services dependent upon it. (GA) 
 
1.3 
Increase awareness and promote the benefits of 
GNSS to the broader community via an interactive 
narrative of advocacy and education. (ASC) 
 
1.4 
Encourage industry “champions” by creating 
opportunities for government agencies and private 
sector organisations to exercise leadership and 
responsibility in keeping with the directions of this 
Plan. (OSP; ASC) 
 
1.5 
Communicate with all sectors of the GNSS community 
on implementation issues and progress. (GA) 
 
1.6 
Advocate for the need to upgrade the fundamental 
reference station network to support multi-GNSS 
tracking, to invest in the development of a new 
geodetic datum, and to coordinate the activities  
of federal and state government agencies and the 
private sector. (GA)

The Australian Spatial Consortium will lead in the 
implementation of the recommendations of this Plan, 
aided in an operational sense by Geoscience Australia 
(GA), the Office of Spatial Policy (OSP), the Space 
Policy Unit (SPU), the Australian Communications and 
Media Authority (ACMA), and other national agencies 
as appropriate. It must be emphasised that this Plan 
was prepared with the civilian users and the general 
community in mind. Coordination of some of the 
recommended actions with military agencies may  
also be required.

Four strategic recommendations are identified here.  
Each recommendation is accompanied by a number  
of discrete actions, and a responsible agency is 
identified for each action.
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4.1 
Promote the unique benefits and opportunities 
that stem from Australia’s geopolitical status as 
a politically stable, middle-power, with advanced 
infrastructure, an educated workforce, an active 
industry sector and a world class R&D capability 
 
4.1.1 
Encourage GNSS system providers to locate  
and operate ground monitor stations in Australia.  
(SPU; GA) 
 
4.1.2 
Encourage GNSS receiver manufacturers and 
application developers to engage with Australian 
companies and research organisations to develop, 
test, validate and demonstrate innovative GNSS 
products and services in Australia. (ASC) 
 
4.2 
Attract overseas investment in Australian- 
based GNSS businesses and research  
organisations. (ASC) 
 
4.3 
Assist neighbouring countries with GNSS 
infrastructure development, technical advice, 
education and skills development. (ASC, GA 
 
4.4 
Determine capacity needs and skills  
requirements to service Australia’s growing  
GNSS industry. (ASC) 
 
4.5 
Grow the education and research sector to service 
demand for skilled GNSS engineers, scientists and 
researchers. (ASC)

3.1 
Ensure the NPI is formally identified as Critical 
Infrastructure and that it is resourced, managed and 
protected accordingly. (SPU; OSP) 
 
3.2  
Form a Community-of-Interest as part of the Trusted 
Information Sharing Network (TISN) for Critical 
Infrastructure Resilience. (OSP)  
 
3.3  
Investigate the role of an SBAS within an NPI, what 
form it should take, what its functionality must be, and 
the partnership arrangements for its deployment and 
operation. (CASA; GA) 
 
3.4  
Protect the GNSS spectrum against RF  
interference through an appropriate regulatory 
framework. (ACMA; GA) 
 
3.5  
Mitigate GNSS dependency risks by:

3.5.1  
Ensuring broad adoption of multi-GNSS,  
thereby eliminating single system dependence.  
(ASC; GA) 
 
3.5.2  
Promoting the appropriate use of non-GNSS back-
up and augmentation technologies. (ASC) 
 
3.5.3  
Encouraging the development and deployment 
of alternative PNT systems where GNSS cannot 
operate effectively. (ASC) 
 
3.5.4  
Address issues of vulnerability. (GA)

2.1  
Identify existing NPI-related activities of government 
and private sector CORS providers. (GA) 
 
2.2  
Identify and mitigate investment risks by analysing 
and resolving duplication, fragmentation, 
consistency, timeliness and funding issues, with a 
view to ensuring a coordinated roll-out of the GNSS 
component of the NPI. (GA) 
 
2.3  
Coordinate the deployment of the GNSS component 
of the NPI based on capability to meet the above 
principles efficiently and effectively, to ensure that the 
NPI is built on hierarchical principles, and is strongly 
linked to the fundamental global GNSS reference 
station network and geodetic datum. (GA) 
 
2.4  
Establish and enforce consistent technical and 
commercial operating principles so that high accuracy 
and high integrity users are assured of the quality of 
enhanced GNSS by all service providers. (GA) 
 
2.5  
Establish appropriate governance, funding and 
business models to operate the NPI and deliver NPI-
related products and services. (GA) 
 
2.6  
Coordinate international collaboration in multi-GNSS 
regional and global initiatives, campaigns and tests. 
(GA; SPU)
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