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Geodetic instruments must be examined and metrologically checked for compliance with technical
regulations in order to ensure the unity of measurements. In modern geodesy, linear measurements
mostly dominate, and metrological monitoring of means of measuring technology (MMT) to transfer
them a unit of length from a working standard is carried out on a linear geodetic basis that performs the
functions of a working standard. At the same time, the accuracy of the standard objects should be three
times higher than the accuracy of the research instruments. A standard linear geodetic base of original
design was created and has been operating for many years at the scientific geodetic polygon near Lviv,
designed for long-term use, taking into account the accumulated world experience. Considered design
features and ensuring measurement accuracy, methods, and results of many years of experimental
calibration of the basis and the results of two international metrological reconciliations (carried out for
the first time in Ukraine), which confirmed the high stability of the lines of the working standard.
National Science Center (NSC) "Institute of Metrology" periodically carried out certification of this
basis and it is widely used for scientific research and metrological verification of MMT of various
companies and models, by various organizations and enterprises of the country's geodetic industry.
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Introduction

The technological revolution in geodesy contributed to the development of new technologies and
instruments. Among them are GNSS technology, satellite signal receivers, electronic total stations,
digital levels, laser scanners, etc.

Instruments must be periodically examined and metrologically checked for compliance with technical
regulations in order to ensure the unity of measurement.

Modern geodesy is dominated by linear measurements, which are mainly performed by electronic total
stations or GNSS technology through the determination of point coordinates.

Verification of geodetic instruments is usually carried out on linear geodetic bases. Verification of
satellite signal receivers is also performed on a linear basis, but it is more expedient to use a standard
(fundamental) spatial geodetic network for this purpose.

To ensure the unity and accuracy of geodetic measurements, it is necessary to periodically carry out
metrological monitoring of means of measuring technology (MMT) and transfer a unit of length from
the working standard to the MMT. At the same time, the accuracy of the standard objects should be at
least 3 times higher than the accuracy of the MMT. Usually, the standard linear basis is also verified
(calibrated) using certified electronic total stations, precise laser rangefinder PLD-IM (National Science
Center (NSC) "Institute of Metrology"), interferometers, GNSS technology according to the
methodology developed at the Institute of Geodesy of the Lviv Polytechnic (Tsyupak, 2012; Trevoho
& Tsyupak, 2013; 2014).

We will consider the features of the design, ensuring stability, methods of calibration and carrying out
international reconciliation of the original linear basis created taking into account the accumulated
world experience (Trevoho & Kostecka, 1997; Trevoho et al., 2004; Trevoho, 2009; Kupko et al., 2016;
Trevoho et al., 2020).

Presentation of the main material

Seven standard linear geodetic bases operate in Ukraine. One of them is the secondary standard VETU
01-03-02-98, which is part of the linear geodetic polygon of the NSC "Institute of Metrology" and
provides the highest accuracy. Six others are located in different regions of the country, perform the
functions of a working standard on the ground and are used for verification of geodetic MMT, which
are widely represented in geodetic practice (electronic total stations, satellite signal receivers, and
others). The accuracy (uncertainty) of these standard bases should be 1 mm or better for 1 km length
(Pavlenko, 2011).

One of these bases (Yavoriv basis) is located at the scientific geodetic polygon near Lviv. This is a
standard linear base of the original design located in an open area. The base profile is a curved curve
that ensures mutual visibility of all embedded centers. There are no highways, railways, or high-voltage
lines near the basis. There is minimal seismic activity in the region. There are free entrances to all
centers, and the local conditions favor long-term use of the basis.

The length of the basis is 2260 m, which is sufficient for metrological verification and research of
widely used geodetic MMT. The lengths of the basis lines (in meters) from the starting point are
respectively equal to 5; 10.5; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24; 25; 130; 240; 580; 980; 2260 m.

The originality of the basis (Trevoho et al., 2004) lies in the fact that the distances from the initial center
to the main centers are multiples of 10 m (half of the modulation wavelength) and the line measurements
are carried out at the same phase angle (cyclic error is excluded); to study the cyclic error of rangefinders
(the distance-measuring part of the electronic total station), a "phase section" (Figure 1) with a length
of 10 m with centers every 1 m in the initial part of the basis is provided; all 20 centers of the basis are
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fixed with metal tubular signs buried in the ground for 3-5 m (to the level of native soils) and concreted
according to a special technique; tubular signs with a height of 1.1-1.3 m above the ground end with a
metal plate with a hole for installation and forced centering of instruments with an accuracy of 0.2 mm,
and when using a lead screw (Figure 2) (Periy et al., 2013) with two-sided conical elements with an
accuracy of 0.05-0.01 mm.

Figure 1 The beginning of the basis with the "phase section"

Figure 2 Lead screw for forced centering

An important characteristic of the basis is the stability of its intervals (lines). In 2003, all the lines of
the Yavoriv basis were measured with a precision laser rang finder PLD-1M (higher accuracy setting),
and in 2006 -2018 the experimental calibrations were carried out with certified electronic total stations
Trimble 5601 DR-Standart, Leica TCR 1201-R400, Leica TM 30R, Trimble S8, as well as with the use
of GNSS receivers Trimble 5700, Leica GX1230GG, Novatel DL-V3, South S82T, Trimble R7. A total
of 18 experimental calibrations of the linear basis were carried out (Trevoho, 2009; Trevoho et al.,
2020). In addition, official calibrations of the standard linear basis (the latest in 2020) of the NSC
"Institute of Metrology" were periodically performed, as a rule, after two years from the issuance of the
calibration certificate.

In the Table 1, as an example, the A, modules of various experimental calibrations of the basis

intervals with different MMT are given. The value of A, turned out to be smaller than mm, so it is

possible to assert the expediency of using GNSS receivers for the calibration of linear bases - working
standards.

International Conference of Young Professionals “GeoTerrace-2022”
3-5 October 2022, Lviv, Ukraine



GT?rr?ce EAGE

Conference

Table 1 Modules A, of the differences of the measured basis intervals
ET Leica TCR 1201-R400 and Trimble 5700 — GPS in 2009

Basis intervals AOQ in mm Basis intervals A09 in mm Basis intervals A09 in mm
1-2 0 7-8 0.3 13-14 0.7
2-3 0.2 8-9 0.5 14-15 0.2
3-4 0.4 9-10 0.4 15-16 0.9
4-5 0.3 10-11 0.4 16-17 0.6
5-6 0.3 11-12 0.7 17-19 1.0
6-7 0.9 12-13 0.3 19-20 0.6

For the field of metrology and geodesy there are normative acts at the government decree level in the
Ukraine concerning the issue of requirements for MMT and mandatory coordinate reference systems.
Therefore, The Law of Ukraine "On metrology and metrological activity” provides international
reconciliation, and in 2019 and 2021, the calibration of the Yavoriv basis (the first among the bases of
working standards of Ukraine) was carried out by a metrological laboratory from the Czech Republic
(Research Institute of Geodesy, Topography and Cartography) with a Leica AT401 laser recorder
(2019) and an electronic total station (mobile station) Leica Nova MS 50 (2021). The results are
presented in the Table 2. The aim of these measurements was to ensure the requirements of legislation
in the framework of quality management, i.e., to meet the conditions of uniformity and accuracy of
measuring instruments and measurements while achieving complete compliance (Trevoho et al., 2020).

Table 2 Differences A of the measured baselines measured by the instruments
PLD-1Im (1), Leica AT401(2), Leica MS 50(3)

Basis A1_2 A1_3 A2_3 Basis A1_2 A1_3 A2_3
lines | inmm | inmm | inmm lines inmm | inmm | inmm
1-2 -0,6 +0,7 -0,1 1-12 +0,3 +0,6 +0,3

1-3 - +0,6 -0,1 1-13 +0,8 - -
1-6 -0,1 -1,2 -0,5 1-14 0,0 +0,2 +0,2
1-7 -0,1 -1,1 -0,1 1-15 - -0,4 -
1-8 -1,3 -0,9 +0,2 1-16 - -0,1 -
1-9 -0,7 +1,3 -0,2 1-17 - -0,8 -
1-10 +1,0 -1,5 +0,3 1-21 - +0,9 -
1-11 -1,7 +0,4 +0,2 1-20 - -1,6 -

Analyzing the data in the Table 2, it can be concluded that the international reconciliation (calibration)
of the Yavoriv standard linear basis confirmed its stability for 18 years (see A1_3 ), and the length of

the lines did not change during the two-year period (2019-2021) (see A,_;). In addition, the

astronomical azimuth between its final centers according to the methodology (Denysov, 2002) with an
accuracy of 1" and series of azimuths according to the coordinates of the basis points are determined
on the standard basis. These orientation directions are standard and certified, as determined by the
coordinates of the centers of the certified standard basis.

Conclusions

The created standard linear geodetic basis of the original design meets the requirements of the working
standard for verification of modern geodetic MMT, which is confirmed by international metrological
reconciliation.

As evidenced by the data in the Table 2, in the period 2003-2021, the lengths of the lines of the reference
linear basis of the original design did not change significantly (practically within mm), which gives
grounds for asserting the high stability of the lines and points of the working reference.

The standard basis is periodical certified by the NSC "Institute of Metrology", used for scientific
research and metrological verification of standard total stations, GNSS receivers of various companies
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and models, and other instruments. Standard orientation directions of the basis are used for research
and metrological verification of gyroscopic and other instruments.
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