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What is the effect
of user and CORS
height on NRTK
performance?

etwork Real Time Kinematic
(NRTK) positioning is nowa-
days a very common practice
in many parts of the world. The
benefits of NRTK positioning and the
details of network products have been
previously discussed in this column
(see the contribution by Leila Kislig
in the July/August 2011 issue of Inside
GNSS), as has the positioning perfor-
mance as function of the inter-station
distances of the network’s continuously
operating reference stations (CORS)
(see the contributions by P. Dabove et
alia in the November/December 2011
issue).
However, because GNSS measure-
ment errors are modelled by the net-

work software, the quality of the dif-
ferential corrections sent to the rover
depends on the ability of the network
to estimate errors (mainly the atmo-
spheric ones) at individual stations, as
well as the capability to spatially model
the errors.

So, what are the CORSs require-
ments in order to have good NRTK
positioning, considering a multi-fre-
quency and multi-constellation receiv-
er, even in areas with extreme changes
in altitude? More specifically, can a
heterogeneous network in terms of
height of CORS sites be used to obtain
centimeter-level accuracy for the rover?

We carried out some experiments
to answer these questions and present
the results in this article.

The Network
As part of a European Interreg project
called HELI-DEM, a network of GNSS
CORS stations was established across
the Italy/Switzerland border. To carry
out our inquiry, we analyzed the cur-
rent state of permanent stations in the
area of study and selected a subset of
these existing stations as shown in
Figure 1.

The network was adjusted accord-
ing to the EUREF Permanent Net-
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FIGURE1 Map of the HELI-DEM CORS stations. Black line denotes the Italy/Switzerland horder (Italy

to the south). Red dots indicate the location of the CORS sites. The magnified area shows the
Valsesia Valley containing the test sites (denoted by blue triangles) used for data processing.
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work (EPN) Processing Instruction for Local Analysis
Centres (see EPN Guidelines in the Additional Resources
section near the end of this article). For real-time process-
ing of the network data, the Politecnico di Torino has

set up a server on which it has installed some network
software that performs simultaneous processing of all sta-
tions in the network. This provides a better estimation of
the global parameters (e.g., ionospheric and tropospheric
errors, satellite clock error, ambiguity phase fixing) and
increases the reliability of the results compared to the
single-station approach.

The CORS network has an average height of about 1,000
meters but the height distribution of stations is highly
uneven, varying from as low as 300 meters (Novara) to more
than 3,400 meters (Jungfrau Joch — JUJO).

The network software is able to fix the carrier phase ambi-
guity of the entire network within a few minutes of activa-
tion and, apparently, none of the stations are particularly
disadvantaged in terms of the percentage of “fixed” satellites.
However, the state of the network must also be assessed for
measurement quality. In particular, a strong height variabil-
ity may have an effect on the modeling of atmospheric errors,
especially on tropospheric delays — which themselves are
highly sensitive to height.

In fact, the sensitivity of GNSS errors with height likely
caused the exclusion of the Jungfrau Joch station from the
real-time products of the AGNES network described in Kis-
lig’s July/August 2011 article.

Testing

We undertook a measurement campaign using NRTK prod-
ucts (i.e., differential corrections broadcast, in different ways,
by the network software to the rover) on sites with different
orthometric heights in order to verify the quality of the net-
work positioning. We decided to choose the Valsesia Valley
as the area of study because it has strong geographical vari-
ability, allowing for GNSS positions to be computed even at
high altitudes, thanks to ski lifts. We conducted four surveys
of the same duration but with different station heights and
analyzed the positioning accuracy for each.

The chosen test sites were: Varallo Sesia, Alagna Valsesia,
Pianalunga and Punta Indren, as shown in the magnified
rectangle in Figure 1. We chose these locations to verify the
functioning of the CORS network near (but still within) the
limit of coverage: the local ski lifts enabled us to go to Punta
Indren, a site located approximately one kilometer inside the
edge of the network.

The heights of the stations are summarized in Table 1.

The rover receiver that we used is able to receive differ-
ential corrections in a variety of formats. For the purpose
of this work, the format selected requires knowledge of the
user’s location (provided to the network using a two-way
communication channel) and is similar in concept to the vir-
tual reference station approach described in the July/August

32  InsideGNSS SEPTEMBER/OCTOBER 2013 www.insidegnss.com



Site Orthometric height [m]
Varallo 485
Alagna Valsesia 1200
Pianalunga 2050
Punta Indren 3260

TABLE 1. Orthometric height of each test site

2011 “GNSS Solutions.” However, unlike that case, the for-
mat used here always provides corrections for real (instead of
virtual) reference stations. In this way, the baseline between a
master station and the user is measured directly.

Our data analysis compared the coordinates obtained
using NRTK with those obtained using post-processing.
The reference coordinates of the points indicated with the
blue triangle in Figure 1, herein called “true coordinates” for
simplicity, are in fact obtained using a commercial GNSS
processing software and is based on an adjustment of three
static, single-base station processing runs using stations at
Zermatt, Biella, and Domodossola. The final accuracy of the
true coordinates is a few millimeters.

Results

Considering the same number of epochs with fixed ambigu-
ity carrier phase for each survey (more than three hours for
each point), Figure 2 shows the horizontal (top) and vertical
(bottom) errors versus time. For both plots, the green line
denotes the limit of what is considered acceptable position-
ing accuracy for NRTK applications, namely, 5 centimeters
in the horizontal direction and 7.5 centimeters in the vertical
direction.

Analyzing the results at the lower altitude point (Varallo
Sesia), we noted both a planimetric and vertical shift with
respect to the results obtained from the post-processing
position. We should point out, however, that the planimetric
average remains within the threshold.

Regarding the height, an average shift of about -8 centi-
meters can be seen in addition to the presence of numerous
points outside the 7.5-centimeter threshold.

Also, for the second measurement site (Alagna Valsesia)
we can observe a shift in both the planimetric and vertical
solutions, even if the amount is less than the previous case.
The planimetric average is still acceptable, while the altimet-
ric average is around the value -5 centimeters. This means a
slight improvement in the result of positioning relative to the
lower altitude receiver.

The third measurement site (Pianalunga) shows the pres-
ence of a false fix of the ambiguity phase identifiable in the
point cloud that deviates notably from the mean value. If this
false fix is not included in the computation, it is possible to
affirm an improvement in the average value of the deviations
from the previous cases, especially in the vertical component
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Despite having requested a network-based correction,
analyzing the LOG file from the network software showed
that the differential correction broadcast to the rover was

instead coming from the nearest reference station (Zermatt,
about 20 kilometers away). The same behavior was also
observed for the final site (Punta Indren). Nevertheless, the
results obtained in these are the best: both the planimetric
and the altimetric averages are quite close to zero.

This is very interesting because it allows us to understand
the limits of the NRTK positioning, considering the height
difference between the rover and the master stations of the
cell. In this case, when the rover’s height is more than 1,500
meters with respect to the lowest station of the cell, the net-
work software broadcasts corrections derived by the near-
est station instead of the requested network correction (it is
noted, however, that other network software may or may not
exhibit similar behavior).

Unfortunately, unless a user is using the RTCM protocol,
it is not currently possible to determine in real-time whether
the network is broadcasting corrections interpolated from
the network or from the nearest reference station only. To do
so requires analyzing the LOG file provided by the network
software (if it is available) or evaluating the distance between
the positions of the rover and the master station (if it is avail-
able during the survey).

We should also note, for the network software used in
this study, only two documented possibilities exist with
which to obtain a nearest-station correction instead of a
network-based correction. The first is if the rover is outside
the network, but that is not the case here. The second is if one
or more master stations shares only a few fixed satellites with
the rover, but this case is excluded here, too.

The take-away from this is that even if the user is aware
of the type of corrections being received, in the absence of
a proper modeling of atmospheric errors due to the strong
variability of the station/user heights, the network software
automatically provides the data of nearest station, thus pro-
viding acceptable positioning accuracy.

The preliminary results allow us to confirm the good
operation, even at high altitudes, of a GNSS heterogeneous
network because the network itself is able to detect when the
rover is performing positioning at altitudes that are much
higher with respect to the average of the considered cell.

Regarding positioning at lower altitudes, the results are
slightly worse due to the difficulty encountered by the net-
work in correctly estimating the atmospheric biases on sta-
tions with considerable differences in heights.

We can say, therefore, that in the presence of this type of
network, it is essential to increase the number of permanent
stations regardless of the planimetric inter-station distances
between them. Rather, users must ensure that wide variations
exist in elevation between nearby permanent stations, in
order to limit erroneous estimation of atmospheric biases on
GNSS signals. The number of “extra” stations is still an area
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FIGURE 2 Horizontal (top) and vertical (bottom) errors versus time for the

different test sites. Green lines represent the threshold for acceptahble
positioning accuracy for NRTK applications.

of study but is expected to be a function of the vertical inter-
station distance between the CORS.
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Manufacturers

The receivers used in the experiments were GX 1230+ GNSS
from Leica Geosystems, Heerbrugg, Switzerland. Initial
adjustment of the network used Bernese GPS Software 5.0
developed at the Astronomical Institute of the University of
Bern. The network software was GNSS Spider v4.2 distribut-
ed by Leica Geosystems, and generation of truth coordinates
used Leica Geo Office v.8.0.
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