
 

 

International Conference of Young Professionals “GeoTerrace-2024” 

7-9 October 2024, Lviv, Ukraine 

GeoTerrace-2024-016 
 

Prospects of geodetic calibration baselines for increasing geodetic 

measurement accuracy 
 

*A. Khoptar, J. Lechner (Výzkumný ústav geodetický, topografický a kartografický, v.v.i.), 

R. Vanchura (West Ukrainian National University) 
 

SUMMARY 

 
 

The paper examines the development of geodetic calibration baselines as a key factor in enhancing the 

accuracy of geodetic measurements. In the context of increasing demands for precision due to 

urbanization, infrastructure projects, and international cooperation, the harmonization of metrological 

standards is gaining particular importance. Comparing key parameters of the geodetic calibration 

baselines in Finland, Germany, Austria, Spain, and the Czech Republic demonstrates how modern 

methods contribute to achieving high accuracy. An important step is the conversion of length unit to 

other countries, which supports the improvement of technological processes for all subsequent 

integration activities. Measurement results at the geodetic calibration baseline in Javoriv showed that 

modern instruments, such as laser trackers and electronic total stations, achieve accuracy comparable 

to that of more precise laser rangefinders used previously. Certain deviations caused by potential 

pillar shifts highlight the need for further research to optimize calibration procedures and increase 

measurement accuracy, which will have a significant impact on Ukraine's integration into the 

European metrological system. 
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Introduction 

 

With increasing urbanization and the complexity of infrastructure projects, demands for the accuracy 

of geodetic measurements are rising. The current development of technologies such as Building 

Information Modeling (BIM), smart cities, and autonomous vehicles place new demands on the 

accuracy and reliability of spatial data (Breunig et al., 2020). Moreover, climate change affects the 

stability of territories, requiring more precise and frequent monitoring of deformations. In the context 

of globalization and international cooperation, the harmonization of metrological standards between 

different countries is crucial. The research on geodetic calibration baselines directly addresses these 

challenges by contributing to ensuring higher measurement accuracy, international compatibility of 

results, and a better understanding of factors affecting the long-term stability of reference points. This 

is particularly important for Ukraine in the context of its integration into European structures and 

harmonization of its geodetic standards with EU norms. Improving the accuracy and reliability of 

geodetic measurements has a direct impact on the quality and safety of infrastructure, the efficiency of 

spatial planning, and the accuracy of map bases, which are key factors for economic development and 

citizens' quality of life. 

 

A geodetic calibration baseline typically consists of two or more stable pillars, at distances ranging 

from tens of meters to one kilometer, on which measurements are made with multiple high-precision 

instruments to estimate the absolute value of the resulting measurement. With a precisely calibrated 

baseline, the accuracies of various types of geodetic instruments can be compared (Vazquez Becerra 

et al., 2015). In recent decades, many geodetic calibration baselines have been built, with different 

countries having varying approaches to their maintenance and calibration. For example, the National 

Geodetic Survey (NGS) of the USA, in collaboration with various government institutions, 

universities, and professional societies, has established approximately 400 geodetic calibration 

baselines throughout the United States, giving surveyors access to a local length standard and 

allowing them to verify their geodetic instruments in any part of the country (Dracup et al., 2014). In 

Canada, highly precise Kern Mekometer ME5000 instruments are used for regular calibration. 

Australia, in turn, has introduced strict regulations: according to the cadastral regulations of 2005, 

geodetic equipment used in any survey must be maintained and compared to a measurement standard, 

with calibration to be performed annually and after each instrument repair. 

 

The main objective of this paper is a detailed analysis of geodetic calibration baselines in Europe, 

which will provide a deeper insight into the current state, methods, and trends in the field of geodetic 

calibration baselines in the European context, emphasizing their importance for the accuracy of 

geodetic measurements and metrological traceability. 

 

Method and Theory 

 

The first geodetic calibration baseline, Nummela, was built in Finland in 1933 and served to calibrate 24-

meter invar tapes. With the development of precise geodetic instruments, it became the world's first to be 

calibrated with a Väisälä light interferometer in 1947, becoming the longest geodetic calibration baseline 

in the world calibrated by this method. By calibrating the precise electro-optical distance meter Kern 

Mekometer ME5000 on the Nummela baseline, a conversion of the length unit was applied to geodetic 

calibration baselines at Kyviškes in Lithuania, BEV (Bundesamt für Eich-und Vermessungswesen) in 

Austria, PTB (Physikalisch-Technische Bundesanstalt) in Germany, Vääna in Estonia, UniBW 

(Universität der Bundeswehr München) in Germany, UPV (Universidad Politécnica de Valencia) in Spain, 

etc. (Jokela, 2014; Heunecke, 2015; Būga, 2016; Jokela, 2017; García-Asenjo et al., 2021). 

 

As part of the further expansion of the network of precisely calibrated baselines in Europe, it was 

necessary to ensure metrological traceability for other countries as well. One of the important steps in 

this process was the conversion of the length unit from UniBW to the Koštice and Hvězda baselines in 

the Czech Republic. Since 2008, the Koštice geodetic calibration baseline has gained the status of the 

Czech State Long Distances Measuring Standard (Lechner & Umnov, 2023). Currently, the question 

of reviewing the metrological traceability of standards and the associated unit conversion is a pressing 
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issue. This also applies to the length parameters conversion from the state standard Koštice to the 

Javoriv geodetic calibration baseline in Ukraine. 

 

Table 1 provides an overview of only the most important parameters of some calibration baselines. 

During the research, other geodetic calibration baselines were also studied but are not included in the 

table due to the unavailability of some of their characteristic parameters in public sources. 

 

Table 1 Overview of Geodetic Calibration Baseline Parameters 

Name, 

Country 

Number 

of 

Pillars 

Length, 

m 

Calibration 

Method 

Calibration 

Year 

Measured 

Length, m 

Measured 

Uncertainty, 

mm 

(Expansion 

Factor) 

Nummela, 

Finland 
6 864 

Interferometr 

Väisälä 
2007 864,123 ± 0,07 (k=1) 

Kyviškes, 

Lithuania 
6 + 1 1320 ME5000 2007 1320,495 ± 0,90 (k=2) 

BEV, 

Austria 
7 1080 ME5000 2008 1080,041 ± 0,81 (k=2) 

PTB, 

Germany 
7 600 ME5000 2011 599,989 ± 0,47 (k=2) 

Vääna, 

Estonia 
13 1344 ME5000 2008 1344,000 ± 0,60 (k=2) 

UniBW, 

Germany 
8 1100 ME5000 2014 1099,986 ± 0,03 (k=2) 

UPV, 

Spain 
6 + 1 330 ME5000 2012 330,011 ± 0,33 (k=2) 

Koštice, 

Czech 

Republic 

12 1450 

Leica TCA 2003 2007 1450,011 ± 0,50 (k=2) 

Leica AT401 2023 1450,011 ± 0,80 (k=2) 

 

According to the analysis conducted, most baselines were calibrated using the precise electro -

optical distance meter Kern Mekometer ME5000. The smallest measurement uncertainty of ±0.03 

mm (k=2) was obtained for a length of 1099.986 m measured on the UniBW geodetic calibration 

baseline in Germany. For the Koštice geodetic calibration baseline, both the initial length unit 

conversion from UniBW and the latest calibration results are shown, illustrating the ongoing 

calibration work necessary to maintain accuracy and account for potential changes over time 

(Lechner & Umnov, 2023). Although this baseline achieves a high level of accuracy, there are 

influences that require further detailed analysis to ensure maximum accuracy and understand their 

impact on measurement results.  This can lead to the optimization of calibration procedures and 

increase the accuracy of measurement results. 

 

Results 

 

Given the high level of accuracy achieved and to ensure the continuity and precision of geodetic 

measurements, a conversion of the length unit from the state standard in Koštice to other geodetic 

calibration baselines, such as the one in Javoriv, is now necessary. The metrological traceability of the 

Javoriv geodetic calibration baseline has been ongoing since 2003. The first metrological traceability 

was performed with a PLD-1M laser rangefinder (Trevoho et al., 2017; Trevoho et al., 2022). In 2019 

and 2021, the Javoriv baseline was calibrated by a metrological laboratory from the Czech Republic − 

Výzkumný ústav geodetický, topografický a kartografický, v.v.i. (Research Institute of Geodesy, 

Topography and Cartography) − using a Leica AT401 laser tracker and a Leica Nova MS 50 

electronic total station (Lechner, Kosarev, & Trevoho, 2022). The length sections of the Javoriv 

geodetic calibration baseline obtained from those measurements along with the evaluation of their 
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accuracy are shown in Figure 1. 

 

 
a         b 

Figure 1 Length sections of the Javoriv geodetic calibration baseline (a) and their accuracy (b). Data 

source: Lechner, Kosarev, & Trevoho, 2022; Trevoho et al., 2022 

 

Based on the comparison of measurement results of the Javoriv geodetic calibration baseline using the 

Leica AT401 laser tracker and the Leica Nova MS50 electronic total station with the results of 

measurements performed in 2003 using the PLD-1M laser rangefinder with enhanced accuracy, it can 

be summarized that most of the measured length sections are generally in agreement with the 

measurement results from 2003. This indicates that modern technologies such as laser trackers and 

electronic total stations achieve comparable accuracy to the higher-precision laser rangefinders used 

in the past. However, in section 1-3, deviations exceeding permissible values were recorded, 

suggesting possible periodic shifts of pillars. Furthermore, in section 1-20, the largest deviation of 

15.3 mm was recorded, likely due to the influence of radical changes in soil moisture regime. 

 

This analysis of the available measurement results clearly shows the need for more detailed research 

aimed at achieving maximum accuracy and reliability of measurements. This should lead to the 

development of innovative technologies for the conversion of the length unit from the state standard 

in Koštice to the geodetic calibration baseline in Javoriv. 

 

Conclusions 

 

This paper addresses the issue of geodetic calibration baselines and their role in ensuring the 

metrological traceability of geodetic measurements. Historical efforts, such as the calibration of the 

first geodetic calibration baseline at Nummela with the Väisälä light interferometer, set a precedent 

for innovations in metrological traceability globally. The progression of calibration techniques has 

facilitated the establishment and maintenance of high measurement standards across Europe, 

including the integration of the Koštice geodetic calibration baseline in the Czech Republic into 

regional and international standards. 

 

Comparison of measurement results of the Javoriv geodetic calibration baseline conducted in 2003 

and in recent years shows that modern technologies, such as laser trackers and electronic total 

stations, achieve comparable accuracy to higher-precision laser rangefinders used in the past. Analysis 

of measurement deviations revealed the presence of instability of some pillars on measurement 

accuracy. The deeper investigation of these aspect should lead to the optimization of calibration 

procedures and the development of new technologies for length unit conversion. 
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In summary, the work emphasizes the importance of excellence and use of geodetic calibration 

baselines in the field of geodesy and identifies areas where further research is necessary to improve 

measurement accuracy and reliability. The results of this research will have a positive impact on the 

development of geodetic services and will contribute to the improvement of infrastructure, scientific 

research, and industrial processes. 
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