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E asier, more accurate and more 
reliable Global Navigation Satel-
lite System (GNSS) positioning 

is increasingly becoming available to 
Continuously Operating Reference Sta-
tion (CORS) users in Australia. Gener-
ally at no extra effort or cost to the user, 
thanks to the growing availability of 
Network Real Time Kinematic (NRTK).

Until recently, NRTK services were 
only available in major urban areas 
but are now rapidly becoming acces-
sible in regional areas. This transition 
to the next level of GNSS positioning is 
made possible by many factors, in-
cluding GNSS modernisation and the 
rapid densification of nationwide CORS 
infrastructure. NRTK will flourish even 
further as the commitment to interoper-
ability and the sharing of CORS infra-
structure between private and govern-
ment sectors continues to gain pace.

Many professionals currently en-
joy the high precision and increased 
productivity offered by single-base 
RTK systems. For the user in the field, 

NRTK has the same ‘look and feel’ as 
traditional RTK... only it’s better. Users 
can select an NRTK option instead of 
a specific CORS or the ‘nearest base’ in 
their mount point list. It’s that simple.

In this article we quickly review the 
core difference between conventional, 
single-base RTK and NRTK. Using 
CORSnet-NSW, 5 million observations 
and 1750 station occupations in several 
test areas across NSW, we then show that 
NRTK consistently outperforms single-
base RTK in both precision and accuracy.

Single-base RtK vs. 
network RtK
Conventional, single-base RTK uses 
GNSS data from a single CORS (or 
temporary reference station) to deter-
mine the differences between expected 
and actual observations. These differ-
ences are constantly changing over 
time and from location to location.

Single-base RTK corrections are deter-
mined by a reference station at a single 
location. Positioning quality (accuracy, 

repeatability, reliability, and initialisa-
tion time) therefore deteriorates as the 
user moves away from the CORS. This is 
caused mainly by the atmospheric condi-
tions differing more and more between 
the CORS and user locations. Two-cen-
timetre, single-base RTK solutions are 
therefore generally limited to a distance 
of about 20 kilometres. Long-range RTK 
is possible over up to about 50 kilome-
tres, but positioning quality can vary.

The NRTK solution, on the other 
hand, is based on several CORS (be-
tween three and six) that are closest to 
the user. NRTK can be generated in a 
number of different ways (see Position 
41, June 2009). In a nutshell, it uses all 
the surrounding CORS to determine, 
model and optimise the corrections for 
each user, instead of selecting only one 
CORS and ignoring all its neighbours as 
in single-base RTK (Figure 1). This deliv-
ers ‘near’ constant positioning quality.

NRTK corrections are obtained and 
used in much the same way as single-
base RTK corrections. But NRTK auto-

figure 1: Modelling of 
the atmospheric and 

orbit errors for single-
base RtK and nRtK.
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matically changes the CORS used in its 
calculations as the user moves around 
the network. Any CORS outages (main-
tenance periods or faults) are dealt with 
automatically and invisibly behind the 
scenes. The user can therefore concen-
trate on getting the job done, without 
the hassle of switching CORS.

nRtK precision
Precision describes the repeat-
ability or spread of the ob-
served positioning results. It 
is determined by comparing a 
large number of observations 
against their mean value and 
indicates how close repeated 
observations are to each other.

We investigated the preci-
sion of both NRTK and single-
base RTK by collecting three 
consecutive days of real-time 
GNSS data at four different 
locations around NSW. The test 
sites were designed to include 
NRTK cells (the areas encom-
passed by the surrounding 
CORS) of different size, i.e. those 
in urban and regional areas.

At each test site, up to six 
GNSS receivers operated simul-
taneously side-by-side. Either 
in NRTK mode or in single-base 

RTK mode connected 
to a CORS at distances 
between 13 metres 
(simulating users who 
prefer to set up and use 
their own base at each 
job) and 70 kilometres 
away. Determining 
the position of each 
receiver every second 
resulted in 260,000 posi-
tions per instrument 
at each test site and 
a dataset of 5 million 
observations overall.

Figure 2 illustrates 
the higher precision 
of NRTK in regards 
to horizontal position 
compared to single-base 
RTK using the closest 
CORS over increasing 
distances of 13 metres 
and 6, 15 and 50 kilo-
metres. The histograms 
along the coordinate 

axes indicate the distribution of observed 
positions around the mean, organised 
in groups separated by one millimetre.

If any observed positions differed by 
more than 50 millimetres from the mean, 
they were put into the most extreme histo-
gram groups. This is visible for the Sofala 

test site (Figure 2d), which uses a NRTK 
cell of larger than recommended size that 
has not been released to the standard user. 
The closest CORS is 50 kilometres away. 
As expected, NRTK precision decreases 
with growing NRTK cell size, but it still 
outperforms single-base RTK in all cases.

Precision and reliability
It is useful to investigate the relationship 
between precision and reliability. This 
enables us to quantify the possible risk 
of obtaining a position too far from the 
mean, for a single RTK/NRTK position. 
We can determine the percentage of posi-
tions equal to or better than a specified 
distance from the mean. Plotting this 
information illustrates the distribution 
of the data and the typical probability 
of achieving a particular quality from a 
single position (no averaging applied).

Figure 3 visualises the distribution of 
the horizontal position (distance from 
mean) for NRTK and single-base RTK 
over various distances. Figures 3b and 
3c, while site specific, are a rough guide 
to help users get a feel for the precision 
and reliability achievable with NRTK and 
single-base RTK using CORS. They can 
be used as a tool to balance precision and 
risk as you use NRTK or as you decide at 
what range you can use single-base RTK. 
Let us explain how to use these graphs.

Let’s take the Queens Square 
dataset (Figure 3b) as an ex-
ample. Using NRTK, 90% of 
the horizontal positions have a 
precision of 10 millimetres or 
better. This may or may not be 
good enough for your job... your 
decision. When using single-
base RTK over 12 kilometres 
at the same location, only 60% 
of the positions fall within this 
precision. Now ask yourself 
about your alternatives. Can 
you use RTK connected to a 
CORS, should you use NRTK, or 
should you set up your own base 
closer to the job for the day?

Similarly, if we inspect the 
insert of Figure 3b, 95% of the 
horizontal positions using NRTK 
have a precision of 13 millime-
tres or better. This translates into 
a 5% risk of obtaining a posi-
tion worse than 13 millimetres. 
For single-base RTK, 95% of the 
positions have a precision of 

figure 2: Horizontal precision of nRtK (blue) vs. single-
base RtK to the closest CORS (red) for (a) Bathurst, (b) 
Queens Square, (c) Macquarie University and (d) Sofala. the 
distance to the nearest CORS is shown in parentheses. note 
that nRtK operation in Bathurst and Sofala is for testing 
purposes only.

figure 3: Precision vs. reliability of horizontal position for 
nRtK and single-base RtK over increasing distances for (a) 
Bathurst, (b) Queens Square, (c) Macquarie University and 
(d) Sofala. note that nRtK operation in Bathurst and Sofala 
is for testing purposes only.
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15-25 millimetres for baselines rang-
ing from 6 to 22 kilometres. You decide 
which technique is best for your job.

NRTK consistently outperformed sin-
gle-base RTK at all test sites, even when 
compared to single-base RTK over a very 
short baseline of 13 metres. While the 
distribution of positioning quality was 
very similar, NRTK produced a smaller 
number and magnitude of outliers (most 
notably those greater than 20 millime-
tres, see Figure 3a). This illustrates the 
benefit of using NRTK even for surveys 
very close to a single reference station.

As expected, NRTK performance 
decreases from high-density urban to low-density regional NRTK 
solutions (Figures 3b-d). This is why NRTK is currently avail-
able only in some regions and will not be extended to cover areas 
like Sofala until additional CORS are available. We also confirm 
that most of the time you can expect to achieve manufacturer’s 
specifications of 10 mm + 1 ppm for single-base RTK over up 
to about 50 kilometres under good conditions (Figure 3d).

It is well known that the quality of GNSS-derived heights 
is generally up to 2-3 times less precise than for horizontal 
positions. This is caused by the geometry of the GNSS satel-
lite constellation (no satellites are visible below the horizon).

Our investigation into the height component (data not shown) 
confirms this fact and that it also applies to NRTK. Again, taking 
the Queens Square dataset as an example, 95% of the NRTK 
heights have a precision of 23 millimetres or better. This still out-
performs single-base RTK over baselines from 6 to 22 kilometres, 
where 95% of the heights have a precision of 30-60 millimetres.

In summary, NRTK and single-base RTK have the same 
‘look and feel’, but NRTK consistently provides a higher pre-
cision and reliability for GNSS positioning using CORS.

nRtK accuracy
Let’s now turn our attention to accuracy. Precision is fine, 
but if you’re off the mark, you’ve got a problem. Accuracy 
describes how close an observed value is to its ‘true’ value. 
It indicates how well a derived position agrees with the 
known (published) coordinates of a survey control mark.

We determined the accuracy by comparing both NRTK 
and single-base RTK solutions on established ground control 
marks to their official Survey Control Information Management 
System (SCIMS) coordinates. Using seven test areas spread 
across eastern NSW, we investigated a range of NRTK scenarios 
and cell sizes routinely encountered in practice. The regional 
NRTK cells were generally of recommended size (maximum 
distances of 70-90 kilometres between CORS) but significantly 
larger than those found in the Sydney metropolitan area.

It is important to note that CORSnet-NSW operates in the 
GDA94(2010) realisation of the national datum. Therefore, 
a site transformation is necessary. This is also known as site 
calibration, localisation, or a ‘nudge’ in precision agriculture. 
The site transformation relates surveys using CORSnet-NSW 
to the local survey control network, which reports coordinates 
in the GDA94(1997) realisation (see Position 50, Dec 2010).

We performed one site transformation using NRTK, 
and, separately, another using single-base RTK to the clos-
est CORS as a comparison. Following GNSS best prac-
tice, absolute antenna modelling (see Position 51, Feb 
2011) was applied to all GNSS rovers involved.

Within each test area, we selected up to 15 high-quality 
established survey marks (displaying accepted real-world GNSS 
conditions) as test points. We observed these test points for 1 
minute using NRTK, applying the NRTK-derived site transfor-
mation. After re-initialisation, this was followed by a 1-minute 
observation using single-base RTK to the closest CORS, ap-
plying the site transformation derived by single-base RTK.
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After occupying all test points once, 
we repeated the procedure to obtain 10 
rounds of observations on each test point 
at different times of day over several days. 
This resulted in 1750 separate occupa-
tions across the seven test areas, thanks 
to the input from all Land and Property 
Information (LPI) survey offices in NSW.

In all seven test areas, NRTK always 
produced a smaller spread among re-oc-
cupations and a better agreement with the 
official SCIMS coordinates. The achiev-
able NRTK accuracy is generally about 
20 millimetres (or better) in horizontal 
position and 30 millimetres in height at 
the 68% confidence level (Figure 4).

NRTK positioning quality diminishes 
considerably when larger than recom-
mended distances between CORS are 
used. This is visible in the Woodburn, 
Woolgoolga and Kempsey test areas. 
NRTK will only be available to CORSnet-
NSW users in these areas once further 
expansion of the network has taken place 
to improve the quality of these solutions.

NRTK, again, provides a substantial 
improvement over single-base RTK, 
boosting accuracy by generally at least 5 
millimetres, in both horizontal position 
and height. The largest improvement is 
achieved in Cessnock. Here, NRTK ac-
curacy improves on single-base RTK over 
34 kilometres by a factor of about 2.5, 
in both horizontal position and height.

Conclusion
NRTK has the same ‘look and feel’ as 
single-base RTK, and is just as easy to use, 
but provides better GNSS positioning re-
sults. The NRTK correction data provided 
by CORS networks is optimised based on 
the user’s (changing) location within the 
network, rather than being reliant on a 
single reference station. This allows better 
error modelling, which results in im-
proved positioning quality at the user end.

Our extensive tests have compared 
the performance of NRTK to single-
base RTK using CORSnet-NSW. We 
have found that NRTK consistently 

produces superior coordinate results in 

regards to both precision and accuracy. 

In addition, NRTK is more reliable, 

and reduces the risk of outlier observa-

tions, even when compared to single-

base RTK over a very short baseline.

LPI recommends the use of NRTK 

within regions of the State where it 

has been declared operational (see 

www.corsnet.com.au) and where it 

satisfies the user’s needs. The graphs 

presented should be used as a guide 

only, as GNSS performance depends 

on many factors. Users should always 

use professional care and diligence 

when adopting any new technology.

Dr Volker Janssen <Volker.Janssen@lpi.

nsw.gov.au>, Joel Haasdyk <Joel.Haas-

dyk@lpi.nsw.gov.au> and Simon McElroy 

<Simon.McElroy@lpi.nsw.gov.au> are with 

the Survey Infrastructure and Geodesy 

branch of NSW Land and Property Infor-

mation, which operates CORSnet-NSW. n

The Cayman Islands is a British Overseas Territory with a population of  c55,000 and is located approx. 450 miles south of  Florida, USA. The islands 
enjoy one of  the highest standards of  living in the Caribbean. Following the Cadastral survey of  the early/mid 1970’s, titles to all land are registered 
under a Torrens-based system.

The Department comprises four Sections all linked by a common involvement in land. These are Land Registry, GIS (Systems Dev’p and Production), 
Valuation Office and Land Survey. The Chief  Surveyor heads the latter. 
Reporting to The Director, the post holder will be responsible for a myriad of  survey related matters. These Duties will 
include but are not limited to:
•  Fulfilling the statutory functions for control and regulation of  land surveying in The Cayman Islands and certain aspects of  The Roads Law. 
•  Day-to-day management of  the Cadastral Quality Assurance Unit including quality assurance of  all aspects of  control, cadastral, topographic and 

engineering surveys undertaken by technical surveyors in the Land Survey Section. The post holder is Chairman of  the Land Surveyors Board.
• Day-to-day management of  the Field Survey unit.
•  Assist(as appropriate) with departmental mapping projects in conjunction with the GIS section and provide photogrammetric advice (It is 

anticipated that the Islands will have new aerial photography flown early 2013)
 
In addition to the above (and as part of  the Senior Management Team) the post holder will assist The Director with annual budget preparation as it 
relates to the Survey Section. There is heavy emphasis placed on making the Field Survey Unit more efficient and it being able to generate significant 
additional and reliable revenue streams through the charging out of  services to other government entities.

The Department is presently actively involved in many new and exciting initiatives including:
• Maintenance and development of  CORS GPS stations throughout the islands
• Maintenance of  seismic monitoring stations throughout the Islands
• Assessment, purchase and implementation of  new real-time survey soft/hardware (Leica Mobile Matrix)
• Establishment of  a revised Geoid for the country
• Implementation of  a new Map Projection system (CING07) for the Cayman Islands
• A major upcoming project is the development and implementation of  an E-survey system. 
• Maintenance, densification and continuous improvement of  the national control network.

Qualifications, Skills and Experience: 
The ideal candidate should possess a Degree (BSc. or Masters) in Geomatics (or equivalent) with a minimum of  10 years post-degree experience, with a 
minimum of  5 of  those years being in a senior position with significant management responsibilities. Membership of  the Royal Institution of  Chartered 
Surveyors (Geomatics faculty / MRICS or FRICS) or equivalent is also a prerequisite.
A sound knowledge and experience in the interpretation and application of  survey-related laws governing the Torrens-based cadastral system (as it operates in 
The Cayman Islands) is essential and.
Excellent computer literacy and keyboard skills are required and knowledge of  and expertise in the ESRI suite of  GIS products would be useful.
A sound knowledge of  GPS technologies (Trimble preferred) is essential and photogrammetric experience is useful.
Experience is desirable in the use of  electronic field survey equipment (Leica) and associated software plus LisCAD and AutoCAD.
A sound knowledge of  the requirements and operations of  an E-survey system within a Cadastre similar to that of  the Cayman Islands is a decided advantage.  

For an application form, job description and other details please visit our website at www.caymanlandinfo.ky. 

DEADLINE FOR RECEIPT OF APPLICATIONS: 20th January 2012
The contract period is 2 years, renewable pending satisfactory performance review.

NB ALL applications MUST be on the official forms. E-mail delivery is acceptable and encouraged.
 

PLEASE SUBMIT APPLICATION FORM & RESUME TO:
Assistant Administration and Finance Manager 

Lands & Survey Department 
Government Administration Building, 133 Elgin Avenue, 

P.O.Box 1089 George Town  
Grand Cayman, KY1-1102  CAYMAN ISLANDS 

Fax: (345) 949-2187 
Email: Jennifer.Dixon@gov.ky

Benefits will be determined in accordance with the Public Service Management Law, Personnel Regulations, the Public Service Pensions Law and the CINICO 
Health Plan as may be amended from time to time and as determined by The Chief Officer, which includes a relocation package from and to your country of 

residence. Pension and health benefits are presently non-contributory.

Ministry of  District Administration, Works,  
Lands and Agriculture
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•  We build and populate enterprise 
spatial databases and data products. 

• Multi- country datasets with 
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• Specialised geospatial data 
engineers - integrate all your 
mapping data no matter what 
structure and format - with our 
custom and off the shelf tools.

•  Engineered from extensive, reliable data – PSMA, NAVTEQ, Acxiom and ABS.

•  For Australia and International locations.

•  Available in your preferred GIS format.
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• Google Earth Globes
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•   ESRI ArcLogistics and 

Business Analyst
•  ESRI Mobile and PDA 

technologies
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