[oduwHuk Ha MI'Y ,Cs. UsaH Puncku”, Tom 69/2026 / Annual of the University of Mining and Geology “St. Ivan Rilski”, Vol. 69/2026

ASSESSMENT OF THE INFLUENCE OF GNSS RECEIVER HEIGHT ON RTK
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ABSTRACT. This paper presents a comparison of RTK accuracy for two ways of placing a GNSS receiver: on a mini tripod and on a 2 m survey pole with a bipod. The
test included 10 control points, three observation sessions, and 180 separate RTK measurements. The results show that the average PDOP value was 1.441 for the
mini tripod and 1.390 for the pole with a bipod, while the average number of satellites was 15.844 and 16.222, respectively. The average horizontal precision reported
by the controller was 0.007 m for the mini tripod and 0.005 m for the 2 m pole. The average vertical precision was 0.012 m and 0.008 m. The average between-session
differences were 0.008 m in plan and 0.012 m in height for the mini tripod, and 0.005 m and 0.008 m for the pole with a bipod. The study shows that a lower antenna
height does not seriously worsen satellite geometry, but the 2 m pole provides slightly better repeatability, especially for height.
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OLEHKA HA BNMUAHMETO HA BUCOYMHATA HA GNSS NPUEMHUKA BbPXY TOYHOCTTA HA RTK UBMEPBAHUATA
Mapuna KyHuuka, OnekcaHd SIHosuy
LvpxaseH yHusepcumem "Kumomupcka nonumexHuka", 10005 XXumomup

PE3IOME. Ta3u cTatus npeactaBs CpaBHeHWe Ha TOYHOCTTa Ha RTK mpu ABa HauMHa Ha noctaBsiHe Ha GNSS npueMHuK: BbpXy MUHW CTaTUB M BbPXY 2-METPOB
reofesnyecku cTbnb ¢ gByHora. TecTbT BKMtouBa 10 KOHTPOMHM TOYKM, TpW cecum Ha Habniogenne u 180 otaenHn RTK uamepBaHus. Pesyntatute nokaseart, Ye
cpegHata croitHocT Ha PDOP e 1.441 3a munm cTatea u 1.390 3a cTbnba ¢ AByHOra, AoKaTo cpepHusT 6poii catenutu e cboTBeTHO 15.844 1 16.222. CpegHata
XOPM30HTamHa TOYHOCT, OT4ETEHa OT KoHTponepa, € 0.007 m 3a mukm ctatusa 1 0.005 m 3a 2-meTposus cTbnb. CpeaHata BepTukanHa TouHocT e 0.012 m 1 0.008 m.
CpepHute pasnukn mexay cecunte ca 0.008 m B nnan 1 0.012 m BbB BiCOuMHa 3a MuHK cTaTea, 1 0.005 m 1 0.008 m 3a cTbnba ¢ AByHora. Mpoy4BaHeTo nokassa,
e No-HUCKaTa BUCOYMHA HA aHTeHaTa He BroLlaBa Cepyo3HO reoMeTpusTa Ha CbTHIKA, HO 2-MEeTPOBMST CThO ocurypsisa Manko no-gobpa nosTopsiemMocT, 0cobeHo
M0 OTHOLLEHWE Ha BUCOYMHATA.

Kntoyosu gymmu: RTK GNSS, To4HOCT Ha n3mepBaHe, reoaeaus, Ha3eMH1 KOHTPOMHM TOYKM, MOBTOPSIEMOCT Ha KOOpAMHATUTE.

Introduction Satellite geometry is commonly evaluated using the PDOP
(Position Dilution of Precision) parameter, which reflects the
RTK GNSS is widely used in topographic, cadastral, spatial distribution of satellites. Lower PDOP values indicate
construction, and mine survey work because it allows surveyors better observation conditions and higher potential positioning
to obtain coordinates quickly with centimetre-level accuracy. accuracy (Leick et al., 2015).
However, real RTK accuracy depends not only on the receiver In practical surveying, the placement of the GNSS antenna
and base corrections, but also on how the antenna is placed plays an important role in ensuring reliable signal reception.
above the point. Obstacles such as trees, buildings, and terrain irregularities may
In field work, a standard 2 m pole is common. At the same cause signal obstruction and multipath effects, leading to
time, compact mini tripods are used more often in rough ground, reduced accuracy (EI-Rabbany, 2002).
in areas with bushes, or in hard-to-reach places. They are easier The height of the receiver antenna influences the visibility of
to carry and have a fixed height, but a lower antenna may reduce ~ the sky and the level of signal reflection from surrounding
the view of the sky and increase signal reflection. Therefore, it objects. A higher antenna position generally improves
is important to evaluate how receiver height affects RTK observation conditions, while a lower position may increase the
measurement accuracy. risk of signal interference. However, the extent of this influence
The aim of this study is to evaluate how receiver height under real field conditions requires experimental verification.
affects RTK results by comparing two setups: a Rothbucher mini Therefore, the analysis of receiver height as a factor
tripod and a 2 m carbon survey pole with a bipod. affecting RTK measurement accuracy is important for optimizing
The main tasks were to compare the number of satellites field surveying techniques and ensuring reliable spatial data.

and PDOP, assess horizontal and vertical precision from the
controller, calculate between-session coordinate differences,

and summarize the practical strengths and limits of both setups. Methodology

The methodology of this study is based on a comparative
Theoretical part experimental approach aimed at evaluating the influence of
P GNSS receiver height on RTK measurement accuracy under

RTK GNSS positioning is based on real-time processing of el field conditions.

carrier phase measurements, allowing centimetre-level The study was carried out on 10 control points located within
accuracy under favourable conditions. The accuracy of RTK an area of approximately 20 hectares. The points were selected
results depends on several factors, including satellite geometry, to represent typical surveying conditions, including areas with
signal quality, multipath effects, and observation conditions partially obstructed sky visibility due to trees, buildings, and

(Hofmann-Wellenhof et al., 2008; Misra & Enge, 2011).
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terrain features. This ensured that the obtained results reflect
practical field situations.

Each control point was measured 18 times: 9 times using a
Rothbucher mini tripod and 9 times using a 2 m carbon survey
pole with a bipod. The measurements were conducted in three
observation sessions (29.01.2026 AM, 30.01.2026 AM, and
31.01.2026 PM), resulting in a total of 180 RTK measurements.

A Trimble R10 receiver was used as the base station, while
a Trimble R12 receiver was used as the rover. The maximum
distance to the farthest control point did not exceed 400 m,
ensuring stable RTK corrections throughout the experiment.

Before each measurement, the equipment was carefully
repositioned over the control point, and the antenna height was
set according to the selected setup. The RTK solution was
reinitialized before every observation to ensure independent
measurements. Each observation lasted approximately 15
seconds.

During each measurement, the controller recorded key
parameters, including horizontal precision, vertical precision,
PDOP, and the number of satellites. These indicators were used
to evaluate both positioning accuracy and observation
conditions.

For the analysis of repeatability, differences between
average coordinates obtained in different sessions were
calculated for AN, AE, and AH. The horizontal displacement was
determined using the expression V(AN? + AE?2). Additionally,
statistical indicators such as standard deviation and maximum
spread were used to assess the stability of the results.

Results and discussion

The analysis of the observation data showed that both
receiver setups operated under nearly identical satellite
conditions. The average PDOP values were 1.441 for the mini
tripod and 1.390 for the pole with a bipod, while the average
number of satellites was 15.844 and 16.222, respectively. This
indicates that reducing the antenna height did not significantly
degrade satellite geometry, which is consistent with the
availability of multiple GNSS constellations.

At the same time, the controller-reported precision
demonstrated a clear advantage of the standard 2 m pole. The
average horizontal precision was 0.007 m for the mini tripod and
0.005 m for the pole, while the vertical precision was 0.012 m
and 0.008 m, respectively. Thus, the higher antenna position
provides slightly better positioning accuracy in both plan and
height components.

A more detailed analysis by observation sessions (Table 1)
showed that the third session was characterized by less
favorable satellite conditions.

Table 1. Average RTK values by observation session

Session Setup Hz_rzrec, Vt_Fr’rr]ec, PDOP S?;esl”'
20012026 AM| | 0.007 | 0.012 | 1377 | 16.633
30.01.2026 AM tl\l"p'g'd 0.007 | 0.011 | 1.420 | 16.367
31.01.2026 PM 0.008 | 0.013 | 1527 | 14.533
29.01.2026 AM 0.005 | 0.008 | 1.327 | 16.967
30.01.2026 AM 2+”;i§§:f 0.005 | 0.007 | 1.337 | 17.067
31.01.2026 PM 0.006 | 0.008 | 1.507 | 14.633
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Despite these less favorable conditions, the pole with a
bipod maintained better precision, confirming its higher stability
in more difficult environments.

The comparison of repeatability indicators (Table 2) further
supports this conclusion. The average between-session
coordinate differences for the mini tripod were 0.008 m in plan
and 0.012 m in height, whereas for the pole these values were
reduced to 0.005 m and 0.008 m. Similarly, the average
standard deviation and maximum spread values were
consistently lower for the pole configuration, especially in the
vertical component.

Table 2. Summary of accuracy and repeatability

. . 2mpole +

Indicator Mini tripod bipod
Number of control points 10 10
Number of RTK measurements 90 90
Average PDOP 1.441 1.390
Average number of satellites 15.844 16.222
Aver.age controller horizontal 0.007 0.005
precision, m
Aver.age controller vertical 0.012 0.008
precision, m
Average maximum horizontal 0.022 0.017
spread, m
Average maximum height 0.032 0.024
spread, m
Ave‘rage horizontal standard 0.008 0.006
deviation, m
Ave.ra‘ge height standard 0.011 0.008
deviation, m
Avgrage bet.ween-sessmn 0.008 0.005
horizontal difference, m
Average between-session
height difference, m 0012 0.008

These results indicate that the increased antenna height
improves the stability of RTK measurements, particularly in
terms of height determination. This can be explained by a better
observation geometry and reduced influence of local obstacles
and multipath effects.

From a practical point of view, both setups remain applicable
depending on field conditions. The mini tripod is more
convenient in rough terrain, forested areas, or locations with
limited accessibility. However, when high repeatability and
maximum accuracy are required, especially for control networks
or deformation monitoring, the use of a standard 2 m pole with
a bipod is preferable.

Conclusion

The conducted study showed that reducing the receiver
height does not significantly affect satellite geometry, as the
PDOP values and the number of tracked satellites remained
similar for both setups. At the same time, the standard 2 m pole
demonstrated higher positioning precision and better
repeatability, particularly in the vertical component. The
between-session  coordinate differences and statistical
indicators confirmed the greater stability of the pole
configuration. Therefore, while the mini tripod can be effectively
used in difficult field conditions, the 2 m pole with a bipod is
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recommended for tasks requiring higher accuracy and reliability
of RTK measurements.
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