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Abstract

When GPS hit the scene in the late 80's it was claimed that the impact of satellite
positioning on the surveying industry would eclipse the effect of the introduction of EDM
back in the 60's. Here we are in the late 90's, where is the revolution ?

GPS is a common “word” used by bushwalkers, taxi drivers, geologists, highway patrol
officers, photogrammetrists, four wheel drivers and other space cadets when going about
their daily business. Is GPS part of the cadastral surveyor’s language? If not, why not?

The Office of the Surveyor General is about to release a set of directions for the use of
GPS with cadastral surveys. These directions will remove the confusion as to whether or
not GPS is an appropriate method of measurement. Perhaps this will help facilitate the
use of GPS.

Observations over test networks show that GPS is an accurate and efficient method of
measurement, much the same as EDM. Unfortunately GPS has become “too easy” and
the worry is that surveyors may be throwing away good survey practice as a reaction to
economic pressures.

Finally, is there a future for GPS and cadastral applications?
Positions, Positions, Positions...

There is no debate; GPS is good, very good. It has caused a revolution in the way things
are positioned. Just ask anyone who uses it all the time.

Highway Patrol officers are using it to position crash sites. Taxi companies will use it to
find their drivers. Geodetic surveyors have not touched an EDM or a chainsaw for years
because of it. Bushwalkers are leaving their compasses at home and putting spare batteries
in their pack instead. More sailors are being rescued. Geologists no longer need surveyors
to position their pegs, or so they think!

Position, position, position. What about measurement ? Do surveyors position things, or
do they take measurements in order to derive positions ?

For the cadastral surveyor, positions are a means to an end for boundary definition. On the
other hand, for other users of cadastral information, the position of the boundaries relative
to everything else is paramount.

It’s wise to keep in mind that GPS was invented as the all-time best positioning system.
It’s written that surveyors are GPS renegades, using the system for something that it was

never designed to do, accurate relative measurements. Is this still the case, or are we
becoming “positioners™?
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Come the Revolution...

With the introduction of EDM, the task of measuring from A & B became simple. Once
the line was cleared, a push of a button gave the distance, sloped, horizontaled, reduced,
scaled and gift wrapped. Throw in a backsight or two and off you go to the next leg of
your traverse. That’s the catch, in order to measure A = B you may have to traverse in via
C.D & E. But then again, when you close the traverse you can check for errors and sleep
well.

Using GPS, a distance can be measured without clearing a line of sight, the azimuth and
a height difference are thrown in as a bonus. You can even work in a snow storm! Just
set up on E and measure to A,B,C & D. My kids would say “easy - peasy”. I think they
read too many Cat in the Hat books.

So has GPS caused a revolution in cadastral surveying ?
The answer is NO.
Why not? Lets look at some of the issues...

Too expensive.
Early on yes, but not now. A decent total station will set you back more than a
basic GPS kit.

Too hard.
These days GPS is surprisingly simple to operate and quality training is readily
available.

Can’t be bothered.
That’s a shame because someone else will be and they will get the job.

Not accurate enough.

Wrong. GPS is so accurate it’s scary. The issue is: How do we prove it? More
about this later, but it has to do with legal traceability, now being dealt with at the
national level.

Not allowed to.

More about this later as well, but under the current NSW regulations, the use of
measurements derived from satellites is an acceptable technique. Surprised?... You
will find it under “remote sensing”.

= It won’t work under a tree.
That’s more like it. In fact this is the first of two important reasons why GPS is not
widely used for cadastral surveys. GPS is inefficient and at times useless at sites
where signals from the satellites are blocked. Obviously this is the case amongst
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tall and\or dense vegetation and many urban areas also prove to be unsuitable.
Don’t get too carried away with technology, or the sales hype, use the appropriate
tool for the job.

= I have to go back again.
The second good reason. Until recently, processing of GPS observations meant
that all the field data was taken back to the office where the computations were
done. For cadastral applications, it meant a trip back to the paddock to continue
the search or whatever. The introduction of “real time” GPS now allows positions
to be calculated in the field. However as we discuss later it does cause some
heartache.

In general, the use of GPS for cadastral surveying is limited to new subdivisions in cleared
locations, for some rural surveys and for control of large surveys or easements. It seems
there’s no revolution just yet... '

Surveyor General’s Directions

I am amazed that it took until 1990 (nearly twenty years after EDM was first used by
cadastral surveyors) for the survey legislation in NSW to catch up with that technology and
attempt to maintain some consistent standards.

There is a danger of the same situation developing with GPS, with debate going around in
circles at both the National and State levels.

In mid 1996 ICSM (Intergovernmental Committee on Surveying & Mapping) released a
document, “Best Practice Guidelines for the use of GPS for Surveying Applications”.
These guidelines are useful as general information for a variety of surveys, however the
issues specific to cadastral matters are not dealt with. This task is left up to the State
authorities.

No State has issued directions specific to GPS and cadastral surveying. The fact is that
surveyors in NSW are using GPS for cadastral surveys, so to encourage its use and to
attempt to maintain consistent practice, the latest best seller from the Surveyor General’s
desk is almost with the printers.

Titled, “Use of the Global Positioning System (GPS) for Cadastral Surveys” the NSW
Surveyor General’s Direction follows the overall intent of the national guidelines and adds
some basic GPS common sense built up over many years of making mistakes
(ie experience).

When the draft was ready, we sat down for a chat with most of the survey firms currently
using GPS. For the experienced users, the directions are confirmation that they are doing
the right thing. For the new players, the directions are a valuable confidence boost to “give
ita go”.
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In drafting the GPS directions, a “plain english” approach was taken, however a basic
understanding of GPS is assumed and a glossary of terms is included to ensure that we are
all talking about the same thing.

The GPS directions are modelled around the existing regulations and will remain that way
until there is an opportunity to review the legislation so that it properly reflects current
measurement and positioning techniques.

To Test or not to Test?

The Surveyor General’s Directions for the use of GPS includes a requirement to validate
the equipment and associated software against an approved test network. We thought that
this may be seen as an onerous, costly task, however when we discussed this with the
surveyors currently involved with GPS, they were more than happy to do it. Most were
already verifying their procedures in some form or other and from a quality assurance point
of view, they could see advantages to validating against a government approved standard.

Subject to funding, test networks will be set up in two or three key locations in NSW using
EDM test pillars as part of the configuration to be observed. The alternate option is to use
suitable marks in the existing control network.

The intention of verification is to ensure that correct field procedures and processing
techniques are adopted. Even more importantly, it ensures that the transformation
methodology is correct. For now, this means that the software correctly transforms from
the satellite datum WGS84 to our local ISG and AHD. (If you don’t know what that
means, then you had better find out soon.)

The inclusion of EDM test lines in the configuration may add some weight to verifying that
a GPS metre is a standard metre. In any case it seems to be the smart thing to do.

What About Legal Traceability ?
This is the greatest stumbling block for our law makers. Why?

When an EDM or a steel band is verified against a legal standard and where the same
procedures are used, it is correct to assume that the next set of measurements will contain
the same systematic errors as the verification. It’s then a simple matter to apply the
corrections. And that’s that.

Unfortunately the biases which cause errors in a GPS observation at a particular time bear
little relation to the biases at any other time. So it’s impossible to compute and apply any
correction.



Impact of GPS Technology on Cadastral Surveying in NSW 5

It seems to me that GPS measurements are self-verifying, given the fact that they use
fundamental frequencies and time to derive the results. The unknown part of the equation
are the external factors such as selective availability, atmospherics and multipath. These
biases are constantly changing and their magnitude is unknown. It’s assumed that most
of them are cancelled out in the processing, however the only way to be sure is by adopting
a very old surveying maxim, “check the bloody results mate!”

The issue of legal traceability is being addressed at a national level through the ICSM
Geodetic Group. The National Standards Commission is attempting to convince the
Attorney General that the new GPS coordinates of our National Geodetic control network
are fundamental, therefore any measurement connected to these points is legally traceable.

Taken to its logical conclusion, this means that measurements checked against the Survey
Control Network will be deemed legally traceable.

I believe that much of the argument is academic and the whole thing won’t be sorted out
until the lawyers have had their day in court.

How good is GPS ?

Like most things, you never believe anyone until you have had a go yourself. When it
comes to GPS, I’ve been having a go for about eight years and it still surprises me how
good it really is. So why do I find myself constantly checking the results? Why not!

Another opportunity to put the system through its paces came while setting out the
Newcastle GPS validation network. Is a GPS metre the same as an EDM metre ? Do
Trimble and Leica give the same result ? How good is GPS over short distances ? Where
is the best food in Newcastle ?

Including the pasta joint in Beaumont St, the results were spectacular, confirming our
expectations.

The task was straightforward; On day one, observe a validation network at Newcastle,
including the EDM test pillars at the University of Newcastle, using Trimble SSE
receivers, then repeat the same observations the next day with Leica System 200 receivers
(four minutes later of course).

Each baseline was observed in “static” mode for one hour with optimum geometry. Each
line was observed twice each day.

I could fill the next five pages with results and comparisons, but I won’t. How about a
quick summary instead?
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The network looks like this:

Newcastle GPS Validation Network SSM 72584
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The expected accuracy of static GPS is + 5mm + 2ppm. This is exactly what we found,

whether it was GPS in orange boxes compared with GPS in yellow boxes or EDM
compared with GPS.

“Isn’t a one hour observation for 611 metres a bit over the top?”, I hear you cry.

True, the recommended session length is more like 5 minutes for fast or rapid static.

So, using the data observed over the EDM test line, lets see the results for all the possible
individual sets of 5 minutes:
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PM 58000 to PM 58003 Slope distance: 611.176 ~ Height Difference: 10.693 (Ellipsoid)
Time Leica Leica | Trimble | Trimble Time Leica Leica Trimble | Trimble
Dist. dh Dist dh Dist. dh Dist dh

0700 - - 176 691 1625 - - .180 692
0705 175 711 .176 .686 1630 .180 .688 177 700
0710 175 .708 172 .708 1635 181 695 181 692
0715 173 707 173 704 1640 .180 .696 184 691
0720 177 .696 176 .693 1645 182 .688 .183 697
0725 178 .693 175 .688 1650 182 .693 179 .695
0730 179 .692 .180 .688 1655 .180 694 .184 .682
0735 176 697 176 .690 1700 182 .693 177 .690
0740 176 692 181 696 1705 .181 .698 .183 .687
0745 175 .689 179 .697 1710 180 .700 181 .691
0750 175 .691 173 697 1715 .182 703 181 .694
0755 177 .687 - - 1720 180 698 - -

Mean: 176 697 176 .694 Mean: 181 .695 .181 692

What does it show?

It shows that the accuracy of rapid/fast static GPS is at the centimetre level, with
the height component not quite as good.

It shows that if you observe at a different time of the day you will get a different

answer, unlike EDM where the repeatability is more predictable.

It shows little difference between the Trimble and Leica results.

Analysis of the other baselines in the network displayed similar variations. Overall the
accuracy and repeatability of fast or rapid static seems to be a centimetre.

For those who are interested, all the observations were put through a 3-D least squares
adjustment, where the largest E/N residual was 6 mm and the height residuals were up to
18 mm.

Enough of the stats. I’m impressed, I hope you are.
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A Word About Field Notes

Existing legislation requires that both field notes and electronic data must be “refained in
a manner that facilitates the preparation of a complete and accurate plan”. Obviously
GPS observations create electronic records. Now the difficult part, what is a GPS
observation and what do we need to keep in order to prepare a plan of survey?

GPS observations are the phase, pseudorange, doppler, time and other bits and pieces as
recorded. The baseline vector becomes a calculation, albeit a pretty heavy duty least
squares calculation, but that’s all it is. Or is it?

What about EDM? Do we consider that the phase and time readings used by an EDM are
the observations? No, they are cast aside and the “observation” is the reduced distance as
contained in the data recorder. With GPS, perhaps the reduced baseline is the observation?

For most applications a prudent surveyor would keep the raw GPS field observations just
in case there was a new version of the post processing which gave a better result, or the
person behind the keyboard somehow managed to muck up the processing of the baselines.

With cadastral applications, the reduced baseline becomes involved in some sort of
transformation process and then it can be used to facilitate the preparation of a plan.

For the time being, the Surveyor General’s direction for GPS requires that all data is kept.

Real time... Real easy... Too easy...

For the cadastral surveyor, the introduction of real time GPS observations may seem like
the dawning of a new age. Time out please!

The only “observations” that you end up with from a real time GPS survey is a list of
coordinates. That’s OK you might say, I’'m going to use those coordinates to prepare my
plan of survey, therefore that’s all I need.

I have two problems with this approach:

1. Its a bigger word than vegemite but get used to it - transformation!
If the list of coordinates that pop out of your real time system are local
coordinates (ie ISG, AMG), then they have been transformed. What if the
parameters used are wrong? What if the parameters used do not fit the
local area? What if you don’t know what I’'m talking about?

2. Another nasty word - radiation! The list of coordinates generated from
a real time GPS survey are computed using radiations from one base point.
We all know that this is bad survey practice, but its so easy...
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The Surveyor General’s Directions on GPS do not allow real time GPS to be used for the
final measurements in a cadastral survey, unless the phase data is recorded as well.

This gives the surveyor the opportunity to re-create the list of coordinates if a check on the
calculations is required, particularly in a legal situation.

By all means use real time GPS where its appropriate, but remember that a closed figure
is the only sensible way to check observations.

In Conclusion

There is no doubt that GPS is spectacular technology. If you’re not convinced by now then
perhaps you should be donating your jigger and chain to a museum, then go fishing.

Smart cadastral surveyors will find an efficient way to use it to supplement their traditional
techniques. You never know, it may even open other doors...



