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1. Introduction

GNSS technology

-modernization of its features /space segment, civil 

signals and others/

-new model receivers /channels, weight, size, etc./

IT

-implement the latest trends in the equipment

- nowadays it’s possible to complete the job 
faster and precisely
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possibility for 
measurements of hard to 

access points
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support of features. e.g. 
measurements with 

inclined pole



1. Introduction

How precise are the results?

is it "2.5cm accuracy in the inclination of 60°“?

What is the reliability?
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answers - not by the human expert

assessment via Fuzzy logic

one single number –
rating
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GNSS equipment nowadays

-much better performance;
-improved quality and reliability of the measurements;

-acceptable results via inclined pole.



1. Introduction

Topics studied here

-the values of the quality criteria;

-the differences in the quality at various angles of inclination of the pole;

-analysis of the results (numerical and graphical);

-overall accuracy results;

Is inclined pole a good tool for everyday geodetic practice?
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2. Procedure of the study

a) In the field

One point from the national geodetic network was measured in two different days;

The inclination angles - approximately 30, 60 and 90 degrees from the vertical line at the geodetic point.

The pole was oriented in the four world directions;

b) In the data processing

Geodetic measurements - processed in the controller;

The coordinates and 𝜎𝑁, 𝜎𝐸, 𝜎𝑍, 𝑃𝐷𝑂𝑃, 𝑠𝑎𝑡𝑒𝑙𝑙𝑖𝑡𝑒𝑠 𝑢𝑠𝑒𝑑 – exported and prepared for further analysis;

The last mentioned parameters - input in Fuzzy logic;

The rating value calculated for each measurement.
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3. Geodetic measurements – results and analysis

Table 1 Quality results from the first part of the measurements 
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N PDOP
 satellites 

used

Tilt 

[deg]

573 15 12 27 1.4 29 00:45

1 16 18 26 1.19 30 24:49

2 17 28 26 1.19 30 42:38

3 21 38 29 1.29 28 68:29

4 21 12 27 1.24 29 23:38

5 31 14 33 1.27 28 52:13

6 40 16 37 2.06 27 77:45

7 15 18 27 1.24 29 25:56

8 17 29 30 1.24 29 52:07

9 20 36 34 1.27 29 80:49

10 21 13 27 1.24 29 29:53

11 29 15 30 1.4 28 56:06

12 34 17 31 1.4 26 74:43
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low value

Legend:

high value

exception



7 3. Geodetic measurements – results and analysis

Table 2 Quality results - second part of the measurements
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N PDOP
 satellites 

used

Tilt 

[deg]

573 15 12 25 1.35 30 00:39

1 15 27 25 1.35 30 22:22

2 17 41 25 1.35 30 44:49

3 26 52 31 1.88 27 78:45

4 20 12 25 1.48 30 20:43

5 28 13 26 1.35 30 48:51

6 36 15 30 1.35 28 80:16

7 16 15 26 1.35 30 22:36

8 17 25 29 1.35 30 52:50

9 19 32 33 1.5 29 81:31

10 20 14 26 1.39 30 26:36

11 27 15 28 1.45 30 49:09

12 36 17 32 1.4 27 73:35
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low value

Legend:

high value

exception
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4. Graphical analysis of the results from conducted GNSS measurements
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Fig. 2 Discrepancies in the plane - first part of the measurements

6 mm – almost no practical difference – at inclination of 30 or 90 degrees.
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pole, inclined at 90 degrees

pole, inclined at 30 degrees

σZ=26 mm

σZ=37 mm

true position
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4. Graphical analysis of the results from conducted GNSS measurements
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Fig. 3 Discrepancies in the plane -second part of the measurements
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pole, inclined at 90 degrees

pole, inclined at 30 degrees

significant discrepancies:

40 mm at 30 degrees;
from 48 mm to 52 mm at 90 degrees.

σZ=31;32 mm

σZ=26 mm

true position
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5. Assessment of the overall quality and reliability of the GNSS measurements 
using Fuzzy logic

The variables – input in Fuzzy logic;

The rules for Fuzzy logic – created;

The rating value – calculated;

In this specific case, the bigger the rating value,
the better is the overall quality of the relevant point determination.
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5. Assessment of the overall quality and reliability of the GNSS measurements 
using Fuzzy logic
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N
inclination 

[deg]
rating

573 0 0.69

1 24 0.75

2 42 0.59

3 68 0.51

4 23 0.69

5 52 0.51

6 77 0.50

7 25 0.69

8 52 0.58

9 80 0.50

10 29 0.69

11 56 0.52

12 74 0.50

Table 3 First part of the measurements and their rating values
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-the rating is highest - if the 
pole is vertical

exception - measurement N1

same results

up to 30 degrees 
and vertical pole

highest rating

Legend:

direction of decrease

exception
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5. Assessment of the overall quality and reliability of the GNSS measurements 
using Fuzzy logic
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N
inclination 

[deg]
rating

573 0 0.73

1 22 0.60

2 44 0.50

3 78 0.48

4 20 0.63

5 48 0.54

6 80 0.50

7 22 0.73

8 52 0.63

9 81 0.51

10 26 0.70

11 49 0.55

12 73 0.50

Table 4 Second part of the measurements and their rating values
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variations of rating at 60 
degrees;

lowest rating at 90 degrees

highest rating

Legend:

direction of decrease

low rating
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From the numerical results it could be concluded:

-the extreme values of the rating are: min. 0.48 and max. 0.75;

-small variations of the rating between vertical and inclined up to 30 degrees pole;

-significant differences [0.10-0.23] - in case the pole was inclined at angle up to 60 degrees;

-variations in the interval [0.01, 0.12] -if the inclination angle was increased from 60 to 90 degrees.

-for inclination angle of 90 degrees, the rating was in the interval [0.48, 0.51].
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6. Conclusion
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6. Conclusion

From the graphical information it could be summarized:

-if errors of e.g. 30 mm up to about 50 mm aren’t of importance for the specific geodetic task, the differences in the
overall quality between vertical and inclined pole could be ignored;

-if possible, the measurements to be performed via vertical pole in order to be avoided the compromise in the accuracy;

In case inclined pole is applied, this obviously deteriorates the quality and reliability of the GNSS measurements;

If the terrain conditions are hard or object is specific, measurements still could be performed with acceptable
accuracy. Explicit attention should be paid to the reliability of the results, regardless to the angle of inclination.
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Future work

-The necessary update of the relevant firmware could be done as the procedure and data
processing of the measurements, conducted via inclined pole to be finalized without the
required operator’s intervention;

-Similar study could be performed during night time.
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7. Outlook. Recommendations
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https://eprints.usq.edu.au/43139/12/Smouha_J_McAlister_Redacted.pdf
https://geomax-positioning.com/SFTP/files/GeoMax/Downloads/GeoMax%20Zenith35%20PRO%20BRO%20849552%201118%20enus%20LR.pdf
https://leica-geosystems.com/products/gnss-systems/smart-antennas/leica-gs18-t/gnss-setting-out-with-no-need-to-level-the-pole-vertically
https://www.fig.net/resources/proceedings/fig_proceedings/fig2018/papers/ts04e/TS04E_luo_schaufler_et_al_9407.pdf
http://www.foif.com/news/auto-data-collection-and-incline-measurement-foif-a30-0
https://www.gpsworld.com/true-tilt-compensation-gnss-presented-by-leica/
https://www.sciencedirect.com/science/article/pii/S1674984717300101
https://www.southinstrument.com/company/details/id/401.html
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http://www.terrisgps.com/product/stonex-s900-gnss-receiver/
https://www.xyht.com/surveying/full-tilt/
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