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Background and objectives

RTK (Real Time Kinematic) is an effective technique for
accurate positioning in real time with GNSS. The
development of the network RTK services based on
permanent GNSS reference stations, e.g. SWEPOS™ in
Sweden, has made it possible for basically anyone to
use the technique. The need of user guidelines for this
technique is essential.

Serious errors can be introduced into the positioning if
the user has no, or only modest,
knowledge/information of the factors affecting the
network RTK observations, e.g.:

« the satellite constellation

« different settings in the receiver

e multipath errors

e atmospheric errors (ionosphere, troposphere
* etc.
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Swedish User Guidelines

Settings and quality indicators in the GNSS receiver:

* The elevation cut off angle is recommended to 13-15
degrees for today’s satellite constellation

*« PDOP recommendations are set to maximum 3-4
depending on the precision requirements (even a
maximum of 2 if high precision is necessary)

« The instrument-reported coordinate quality measures
should, for the most manufacturers, be multiplied by two
(20) to be at least 95% confident that the
measurements are within the desired accuracy level.

« Note that multipath effects for a short period of time
(seconds to minutes) are not included and modeled into
these instrument-reported value
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An example of a precision and PDOP limit
in a difficult area (Edwards et al. 2008)
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Swedish User Guidelines cont.

Other parameters to consider while surveying:

* Maximum of 1-2 minutes of initialization time is
recommended depending on the precision
requirements!

» The GSM/GPRS communication should be continuous,
a possible indicator in the receiver is quality of radio
link

» Pay attention to the SNR (Signal to Noise Ratio) for an
indication of possible multipath errors, atmospheric
disturbances, radio frequency collisions, etc. Read the
manufacturer’s manual for the presentation and the
warning level
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Swedish User Guidelines cont.

Surveying and control procedures:

- Minimum averaging recommendation is set to 3
measurements (preferably 3-30) to mitigate GNSS noise
and to find gross errors

- Control of “known” points or revisits of points during
field work can also be used to check all points measured
with a certain fixed solution or to check the recently
obtained fixed solution.

- An accepted deviation for a revisit might be up to = 60
mm horizontally and = 80 mm vertically (95 % confidence
level and no tripod used)?.

1 Based on the error propagation law with cgrizontal @0 Gpeigne OF 15 mm and 27 mm
respectively (Gentering ©f 14 mm)

FIG Sydney
2010-04-15

\

SURVEY AREA
-]
\9 REVIS>'§
<\ o /

Revisit

E 00 01
\ OFFICE

FIG Sydney
2010-04-15 8 (19)

FIG Congress 2010
Facing the Challenges — Building the Capacity
Sydney, Australia, 11-16 April 2010



Swedish User Guidelines cont.

Control procedures cont.:

*« When revisiting it is important to use a time separation of
at least 5-10 minutes, even though 20-45 minutes or
more are preferred to reduce time correlation effects
(e.g. by receiving a different satellite constellation) and
to assure a more confident estimation of the obtainable
accuracy

¢ Additionally it should be noted that revisits can be used
to increase the accuracy in measured points by averaging
(with a sufficient time separation, 20-45 minutes or
more).
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Time separation estimates:
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Reference: Odolinski R, 2010: Study of accura
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Swedish User Guidelines cont.

Control procedures cont.:

» An accepted deviation for a control of a known point
might be = 40 mm in the horizontal and = 60 mm in
the vertical component (at least 95 % confidence level
and no error in the known point)?2.

2 Based on the error propagation law wWith opgrizontas @Nd Gpheigne OF 15 mm
and 27 mm respectively (Gcentering OF 14 mm)
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ﬁ ”Known” point
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Swedish User Guidelines cont.

Control procedures cont.:

* Use a ”check point” close to the office on a regular basis
(before and after surveying) to control the settings in the
receiver, to investigate if atmospheric disturbances
affected the network RTK measurements, etc.

* An accepted deviation from a check point might be = 30
mm horizontally and = 50 mm vertically (95 % confidence
level, tripod used and no error assumed in the check
point)3

3 Based on the error propagation law with Gpgrizontars Oheight @Nd Ggeoig OF 15 mm, 27 mm
and 15 mm respectively
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Check point close to office
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* Detail points
* Total station
——Distance and height diff.
Measurements

* The detail points are
measured with a total
station (free stationing) in
a local system

* The measured detail
points are then compared
to the network RTK points
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Sun spot activity (increases the number of

free electrons in the ionosphere)
e Sun spot maximum in year 2013, will probably mostly
affect the vertical component
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« Daily space pred|C|t|ons4 exists and tells the user if it is
”OK” to use the RTK-technique

e The alternative is to control a "check” point close to the
office which will give an indication of possible problems

* SWEPOS™ (Swedish CORS Network) have plans to

present real time solar &
4 http://www.swpc.noa
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Discussion

= The recommendations will probably improve over the
years, and it is of great importance to keep the guidelines
updated

= The accuracy levels will most likely improve with additional
satellite constellations, e.g. Galileo.

= In the future guidelines for GNSS integrated with a
totalstation (e.g. Leica Smartstation or Trimble IS Rover), or
possible integrated with INS (Inertial Navigation Systems),
will be an important issue to consider.
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