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Investigations of meter intervals of the Berezhany basis were conducted with a standardized test meter
with the use of photo fixation of end scale reading. For comparing the results of the measurements
with the test meter by the photo fixation method, the linear and angular measurements on the
Berezhany reference basis have been conducted. For determining the deviation of measuring the
distances on the basis from a horizontal position, the geometrical levelling of pipe benchmarks of the
Berezhany geodetic basis has been performed. The comparative analysis of measuring the lengths of
parts of the basis phase site determined by the photo fixation method in different years have been
conducted. The comparison of the results of measuring the lengths of the phase site of the basis
obtained by the photo fixation method and linear and angular measurements has been conducted. The
application of linear and angular measurements on the geodetic basis agrees with the results of the
measurements by the photo fixation method and confirms them. Measurements of the phase site of the
Berezhany basis by the photo fixation method and with the use of forced centering screws enable the
considerable increase in accuracy of determining the instrument error of the electronic tachometers.
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Introduction

Each device applied to linear measurements must undergo periodical metrological certification with
determining instrument correction data (Litynskyj et al., 2015). Calibration baselines (geodesic basis
bases) are working standards for metrological monitoring of the geodesic instruments and for
transferring a length unit to them (Trevoho et al., 2014). As it is known, according to current
instruction for leveling line measuring in crowding networks (polygonometry of 4" class, the 1% and
2" category) electronic tachometers providing a root-mean-square error equal to < 1 cm at side length
measuring up to 500 m, from 500 m up to 1 000 m equal to < 2 cm, and more than 1 000 m equal to
1:40 000 are used. For achieving such accuracy, they should be calibrated on the baselines of the 2"
category, whose intervals are measured with errors of 1+1.5 (d-10-6) mm (Standard bases. Methods of
calibration, 2003) .

Taking into account a large number of different modifications of measuring devices being produced
by different companies and their exploitation during many years, an important issue is maintaining a
common unit of length (Trevoho et al., 2014). For this purpose, Berezhany basis constructed on the
training and scientific ground in 2004 and reconstructed in 2018 is periodically certified using the
precision measurements. The methodology of metrological certification of linear bases has been
investigated and developed by many scientists: I. Trevoho, V. Litynskyj, V. Kupko, O. Prokopov, O.
Samoylenko, O. Adamenko etc.

Berezhany basis is marked on the terrain by 16 pipe benchmarks (Litynskyj et al., 2003). They are
located in such a way that their centers are brought in range and located at approximately equal
height. At the top of the benchmark, a circular horizontal platform has been welded on for device
mounting. The layout of the phase site of the Berezhany basis is shown in Fig.1.

Figure 1. Layout of phase site of Berezhany basis

The distances between openings of pipe benchmarks are approximately: do1 =~ 10 m, di2 =~ 1.5 m, d23
~ 10 m; d34, das,..., di213 = 1 m each.

Methods

Investigations of meter intervals of the Berezhany basis were conducted with a standardized test meter
with the use of photo fixation of end scale reading (Periy et al., 2014). This technique consists in
mounting a screw for forced centering on each pipe benchmark of the phase site (for example, ds4)
with the mark at the top, referring to which points on the test meter were read. The test meter was
mounted on the washers of forced centering screws, which were screwed on the top of them. For
eliminating the influence of eccentricity of the mark on the forced centering screw, meter intervals
were measured using four positions of the mark on the forced centering screw (Fig.2).

Readings of the test meter were taken during its single  mounting on the interval with the photo
fixation of a reading scale. During the process of measuring the meter intervals, the temperature of the
test meter was periodically measured. Taking reading from the test meter was carried out visually via
digital pictures. Readings were fixed astride the mark on the forced centering screw and were
averaged. This caused determining the center of the forced centering screw. The differences between
the mark centers on the neighbouring pipe benchmarks of the phase site determined the length of the
distances of the phase site.
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. .. . i Figure 3. Determining the center of the mark
Figure2 Positions of screws with marks during with the scale of the test meter

the investigation

For comparing the results of the measurements with the test meter by the photo fixation method, the
linear and angular measurements on the Berezhany reference basis have been conducted. The
measurements were done with the robot-aided electronic tachometer Leica TPS 1201R (device
accuracy of angle measuring being 17, and line measuring -1mm+1.5ppm). During linear-angular
measurements, the electronic tachometer was mounted on the pipe benchmark «0». On the openings
of the pipe benchmarks «1», «3», «13», spherical mini-prisms were mounted, which were fixed from
below with magnets (Fig.4). Mini-prisms were oriented relative to the electronic tachometer in such a
way that reflecting surface of the mini-prisms was perpendicular to a sighting beam.

Pointing the tachometer to the reflectors was performed automatically with the use of a special
tachometer function, namely, observing the maximum of a signal. There were four performed
activities. The device and reflectors were sequentially swapped. During the measurements, the
following meteorological data were fixed: temperature at height of 0.5 and 2.5 m from the base, as
well as humidity and pressure directly near the tachometer. After finishing each round of the linear
and angular measurements on the pipe benchmarks «0», «1», «3», «13», the heights of the device
were measured.

Figure 4. Appearance of a spherical reflector Figure 5. Conducting geometrical levelling by
and a master ball on the pipe benchmark the spherical reflectors and master balls on the

pipe benchmark

For determining the deviation of measuring the distances on the basis from a horizontal position, the
geometrical levelling of pipe benchmarks of the Berezhany geodetic basis has been performed.
Geometrical levelling between pipe benchmarks «0», «1», «3», «13» was carried out with an
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electronic geodetic level Trimble Dini 22 with the use of levelling rods. During the levelling process,
rods are placed in turn on the spherical prisms and master balls to which the measurement of device
height was performed with the use of special equipment (Fig.5).

Results
As a result of carrying out the research on the meter intervals with the standard test meter using the
photo fixation method and four positions of the the mark on the forced centering screw (Fig.2), the

lengths of the distances of the phase site were obtained with the RMSE 0.09 mm at the most.

Table 1 Results of determining the lengths of the phase site by the photo fixation method

Position Intervals of the basis pipe benchmarks
of | 34 45 5-6 6-7 7-8 8-9 9-10 1011 | 1112 | 1213

I 970.197 | 997.805 | 998.942 | 1002.973 | 1001.825 | 997.881 999.520 | 996.850 | 1006.260 | 943.336

" 970.199 | 997.971 | 998.987 | 1002.828 | 1001.808 | 997.714 999.700 996.830 | 1006.208 | 943.346

1 970.134 | 997.883 | 998.950 | 1002.938 | 1001.833 | 997.877 999.550 996.910 | 1006.300 | 943.384

v 970.218 | 997.920 | 998.983 | 1002.959 | 1001.976 | 997.829 | 999542 | 996.950 | 1006.343 | 943532
average | 970.187 | 997.895 | 998.965 | 1002.924 | 1001.861 | 997.826 | 999.578 | 996.885 | 1006.277 | 943.400
Fm'\’r'f)E 0.04 0.07 0.02 0.07 0.08 0.08 0.08 0.06 0.06 0.09

The comparative analysis of measuring the lengths of parts of the basis phase site determined by the
photo fixation method in different years have been conducted (Table 2). The most difference can be
noticed between 3™ and 4™ pipe benchmarks of the phase site and is equal to 0.6 mm, -0.36 mm, 0.36
mm. The difference values between other pipe benchmarks of the phase site are 0.29 mm at the most.
The least difference values are noticed between the 4™ and 5" pipe benchmarks of the phase site.

Table 2 Differences between the lengths of phase site determined by the photo fixation method in
along 2019-2020 time period

Length differences of phase site (mm)
Basis si il- -
R (Apglo%: 050 | A 20192020 Septﬁrﬁﬂig 2020
3-4 0.60 -0.36 0.36
4-5 0.13 0.03 -0.01
5-6 0.04 0.18 0.08
6-7 -0.11 0.26 -0.13
7-8 0.01 0.16 0.04
8-9 -0.16 0.21 0.17
9-10 0.09 0.16 -0.02
10-11 0.09 0.15 0.09
11-12 0.29 -0.16 0.11
12-13 0.17 -0.25 0.21

The comparison of the results of measuring the lengths of the phase site of the basis obtained by the
photo fixation method and linear and angular measurements has been conducted. The results are
shown in Table 3. They show that the difference of the lengths of the phase site obtained by two
methods is 0.03 mm under the condition of simultaneous measuring. Comparing the results obtained
during different time periods, we can state that the differences increase up to 1.56 mm.

Values of elevation obtained by a geometrical and trigonometrical levelling are analyzed and shown
in Table 4. The differences between elevations measured by two methods arel mm at the most.
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Table 3 Comparing the lengths of phase site determined by photo fixation and linear and angular

methods
Linear and
Methods angular Results obtained by photo fixation method
measurements
Date of observation 2020-07 2019-04 2019-10 2020-07 2020-09
S (mm) 9915.7675 9917.3300 9916.1810 | 9915.7970 | 9914.9010
A (mm) -1.56 -0.41 -0.03 0.87

Table 4 Results of pipe benchmarks levelling on Berezhany basis

Elevation, m
Basis distances Geom. level. Geom. levelling Trigonom. | A,mm | A ,mm
(master ball) (spherical prism) levelling
0-1 0.0076 0.0072 0.0066 1.0 0.6
1-3 0.0211 0.0207 0.0211 0.0 -04
3-13 0.0026 0.0023 0.0023 0.3 0.0
13-0 -0.0301 -0.0302 -0.0300 -0.1 -0.2

Conclusions and guidelines

The use of the photo fixation method for determining the meter intervals of the bases shows quite
good results, since the RMSE of measurements do not exceed 0,09 mm. The accuracy of this method
can be increased by analysing the scale readings of the test meter taken from digital images while
using appropriate software (Litynskyy, 2010) and, in such a way, decreasing the personal reading
errors. Measurements of the phase site of the Berezhany basis by the photo fixation method and with
the use of forced centering screws enable the considerable increase in accuracy of determining the
instrument error of the electronic tachometers. This, in turn, increases the accuracy of linear
measurements during performing geodetic operations. The application of linear and angular
measurements on the geodetic basis agrees with the results of the measurements by the photo fixation
method and confirms them. The application of the modern robot-aided tachometers can be introduced
for the basis investigations.
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