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ABSTRACT

The paper presents the application of RTK technology for measuring the horizontal and
vertical cross-sections of the Nysa Klodzka River located in the southern part of Poland.
GPS measurements were performed by the staff of Chair of Satellite Geodesy and
Navigation of University of Warmia and Mazury in Olsztyn in cooperation with the
team of the OPeGieKa Wroclaw company. The measurements had been done for 30
days during August and September 2004. Three GPS receivers were used such as two
Ashtech Z-Xtreme and one Ashtech Z-Surveyor. The radiomodems Satelline of SATEL
company were used for transmitting RTK corrections from a reference station to rovers.
RTK measurements were being performed in very difficult observational conditions like
in heavy shrubbery or under trees. It was excellent occasion to test reliability and
accuracy of RTK positioning in practice. In general, the use of RTK technology in
woodlands and rural terrain extremely improved efficiency of works, but gross errors
were being occurred from time to time in very severe conditions of GPS observations
due to the lack of good satellite geometry and availability.

1. INTRODUCTION

Nowadays it is well known that RTK (real-time kinematic) mode of GPS positioning can
provide a user with centimeter precision and accuracy in open area. It involves a
reference station transmitting its raw measurements or observation corrections to a
rover receiver via a telemetry link. RTK uses the carrier signal in addition to the code
signal. The remote receivers use transmitted RTK data to compute a corrected position.
A communication link must exist between the base and remote receivers such as VHF or
UHF radio, cellular telephone, communications satellite link or any other medium that
can transfer digital data. The data processing at the rover site includes ambiguity
resolution of the differenced carrier phase data and coordinate estimation of the rover
position. That goal is achieved by phase observation of L1 and L2 frequencies.

In the case where there are no obstacles between satellites and a GPS antenna, the RTK
positioning is extremely efficient for surveying applications (e.g. Bakula et al. 1998) and
navigation (e.g. Grzegorzewski at al., 2001: Dabrowski and Rogowski, 2002), but there
are some situations where visibility to the satellites is limited due to buildings, trees and



the like (e.g. Sigrist et. al., 1999; Krynski et al., 2000; Naesset and Jonmeister, 2002;
Oszczak and Bakula, 2002; Yoshimura and Hasegawa, 2003). In that situation a GPS
operator might have some problems with ambiguity resolution and its validation.

2. HARDWARE CONFIGURATION

The GPS FieldMate is a real-time GPS system positioning for surveying applications.
The system operates in geodetic or local coordinate systems and allows the user perform
layout or pickup surveys (Ashtech, 1998). Data can be stored in the handheld and the
receiver depending on the operational mode of GPS positioning. The system can operate
in RTCM or CPD differential modes. In the real-time modes, the system displays a
constant accuracy value and ambiguity resolution results i.e. fixed or float.

The handheld software provides the user with several point logging and offset options
and offers several different modes of navigation:

The GPS FieldMate system consists of two main components: the Base and the Rover.
The Base system is composed of a GPS base receiver, a radiomodem and a radio
antenna; but the Rover system is also composed of a GPS receiver and a radio antenna
and additionally a handheld controller e.g. Husky computer (Fig. 1).

Base station Rover

GPS antenna ) > GPS antenna

© Radio Radio ©

GPS receiver antenna antenna  GPS receiver
P T
o bl
S
\ O __: -‘I. /-;
RADIO/MODEM RADIO/MODEM )
-
o il S

HANDHELD
CONTROLLER

= | L

REFERENCE
POINT Battery source

Fig. 1. Base and Rover configuration

The Base GPS antenna is located over a reference point that the coordinates are known
and entered into the base receiver. Having calculated correction data, based on
reference point coordinates and GPS measurements, the Base GPS receiver sends its to
the Base radio via a serial cable. Next the Base radio broadcasts the corrections to Rover
receivers. In real-time the Rover radio receives the correction information through the
Remote radio antenna and sends the data to the Rover GPS receiver vie a serial cable.
The Rover GPS receiver uses measurements from the Base and applies them to derive a
corrected position for the Rover GPS antenna.



The position information is transferred to the Husky controller though a serial cable
where the GPS FieldMate software converts the position data into local coordinates
using transformation parameters. Local coordinates are displayed along with the
current positional accuracy. The user can then log points to handheld memory or use
the uploaded earlier points to navigate to a specific location.

3. PRACTICAL RTK SURVEYING

At the beginning of the GPS project two GPS receivers of Ashtech Z-Surveyor and one
Ashtech Z-Extreme were used. One receiver Ashtech Z-Surveyor was used as a
reference station but for remote RTK positioning the Z-Surveyor and Z-Extreme were
used. After first day of the project it was clear that the Z-Extreme is much more efficient
than the Z-Surveyor. Discrepancies were getting higher in terms of time to fix ambiguity
resolution, especially in difficult conditions like under trees or in high bushes located
near the river, so we decided to exchange the rover Ashtech Z-Surveyor into another
Ashtech Z-Extreme receiver. It was possible due to the fact that two Ashtech Z-Extreme
receivers were already purchased by the Chair of satellite Geodesy and Navigation. So
then two Ashtech Z-Extreme were used as rover receivers. The Ashtech Z-Xtreme
receiver is featured in the Ashtech Instant-RTK technology (Abousalem et al, 2001). The
receiver is designed to provide surveyors centimeter-accurate positions in a variety of
system configurations based on the superior satellite electronics using patented Z-
Tracking™ technology. The base and rover hardware is presented in Figs 2 and 3.

Fig. 2. Temporary RTK base station



Fig. 3. RTK rover equipment

Fig. 4. RTK rover positioning



Fig. 5. RTK rover positioning near the river bank in open area

The Nysa Klodzka river is located in the southern part of Poland and from time to time
makes large damages because of flood. The flood, happening from time to time in the
spring, makes heavy damages around the rover changing even lines of river bed and
riverside. After that accident a quick surveying is necessary to detect horizontal and
vertical changes made by the flood. The surveying around the rover is not easy taking
classical methods of surveying into consideration. Around the river there are tall bushes
making surveying difficult and time consuming (Fig. 4). To expedite progress of work
the OpeGieKa company asked the Chair of Satellite Geodesy and Navigation for
cooperation. The Chair of Satellite Geodesy and Navigation have used RTK technology
since 1996, in many practical applications also abroad e.g. in the big project in the
United Arab of Emirates (Bakula et al., 1998). But this project was a real challenge for
the heavy terrain and obstructions like trees hindering surveying, but gave a good
occasion to test the newest Ashtech Z-Extreme receiver.

During RTK positioning, experienced surveyors from OpeGieKa company were
surprised how efficient RTK technology can be in that conditions comparing to classical
methods of surveying. On every day of our job, about 1-3 kilometers progress was made
along the river (Fig. 7). The varied terrain, in terms of obstruction and distances
between the line of water and the river bank, caused those discrepancies in scope of
work.

In open area (Fig. 5), time to fix ambiguity took seconds for the distance 1-2 kilometers
from a reference station to the rover. However, in difficult conditions it was varying on
the number of good satellites and their configuration, and took minutes. In very hard
condition (Fig. 6) the redundant re-initializations were made because the results seemed
unreliable. There were also many places where ambiguity resolution failed and no
position was determined by RTK technology. The figures 8 and 9 present an example of
two-day work.



Fig. 7. The result of RTK positioning during two days of work
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Fig. 8. Slope of water of the river on the distance of 2 km

Analyzing Fig. 8 one can see that RTK positioning is appropriate technology to measure
level of water. The grade vector, obtain as a linear trend of heights, shows slope of
water. It is clear that setting a pole with GPS antenna over surface is within a few
centimeters due to waves. Therefore, heights of RTK points cannot be precisely located
in the grade vector of the river. The level of water had one advantage, allowed
permanent monitoring validation of RTK positioning by monitoring values of height. If
there were differences in heights it was a sign that something was wrong and re-
initialization of ambiguity was required. Turning the rover GPS antenna upside down
and back, the re-initialization process was carried out. Some internal and external
accuracy of those re-initializations is presented in Table 1. The values marked by dx, dy,
dh presents gross errors of RTK positioning which happened during the surveying, but
mx and my present internal accuracy obtained from the handheld controller.



Table 1. Values of gross errors in RTK positioning happened in hard observational
conditions under canopies of trees

Point | North (x) | East (y) |Height (h)| mx | my | | dx | dy | dh
1137 | 5523096.54 | 3766008.02 | 146.81 | 0.03 | 0.05 351 | -0.01 | -3.11
1137 | 5523093.03 | 3766008.01 | 143.70 | 0.02 | 0.02 Correct position
2139 | 5523093.03 | 3766008.22 | 143.27 | 0.03 | 0.05 531 | -1.18 | 1.72
2139 | 5523098.33 | 3766007.04 | 144.98 | 0.03 | 0.05 Correct position
2141 | 5523111.94 | 3766055.28 | 147.84 | 0.03 | 0.04 228 | 059 | -2.45
2141 | 5523109.60 | 3766055.35 | 151.45 | 0.03 | 0.04 462 | 051 | -6.06
2141 | 5523111.25 | 3766054.43 | 153.26 | 0.04 | 0.04 2.97 | 144 | -7.87
2141 | 5523114.22 | 3766055.86 | 145.39 | 0.04 | 0.04 Correct position
2133 | 5523084.89 | 3765905.09 | 150.32 | 0.03 | 0.07 143 | 030 | -3.72
2133 | 5523083.46 | 3765905.38 146.60 0.02 0.06 Correct position
2123 | 5523140.13 | 3765614.00 | 149.29 | 0.03 | 0.06 055 | -0.95 | -2.49
2123 | 5523140.68 | 3765613.05 | 146.80 | 0.03 | 0.06 Correct position
4177 | 5523509.02 | 3766844.13 | 143.05 | 0.01 | 0.01 050 | -1.17 | 3.20
4177 | 5523509.52 | 3766842.97 146.25 0.01 0.01 Correct position
4119 | 5523162.89 | 3765528.07 | 141.34 [ 0.01 [ 0.01 -1.93 [ 1.17 | 5.8
4119 | 5523164.49 | 3765527.38 | 148.65 | 0.02 | 0.02 -353 | 1.87 | -1.84
4119 | 5523160.96 | 3765529.24 146.81 0.05 0.07 Correct position
4077 | 5522944.38 | 3764678.02 | -75.27 | 0.03 | 0.05 110.16 | 21.98 | 222.51
4077 | 5523054.55 | 3764700.00 | 147.24 | 0.01 | 0.03 Correct position
4291 | 5532200.36 | 3772563.71 | 139.40 | 0.05 | 0.04 1.61 | 142 | -0.84
4291 | 5532200.80 | 3772566.35 | 142.79 | 0.04 | 0.03 117 | -1.23 | -4.23
4291 | 5532201.97 | 3772565.13 138.56 0.05 0.04 Correct position
4, SUMMARY

The use of RTK technology allowed performing surveying much more efficiently. In the
situation where about 2-3 meters long bushes occurred, classical methods of surveying
were not possible for lack of visibility between a tachymeter station and a prism.
Additional works like cutting bushes out should be done in order to conduct classical
surveying.

The influence of trees located near the GPS antenna had strong influence on ambiguity
resolution taking time to fix ambiguity resolution and its reliability into consideration.
This problem is known and has been investigated by many researchers and still more
research is required in terms of ambiguity validation procedures. From a practical point
of view, an operator of RTK positioning should be very careful during RTK positioning
near the trees and additional re-initialization of ambiguity should be carried out as



redundant observables. In the surveying project, re-initializations were carried on in the
case where the rover GPS receiver had problems with ambiguity resolution, especially
under big trees with broad canopy of large leaves.
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