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The purpose of the research. Creating the practical recommendations for measuring the main buildings axes
(symmetry axes) with the help of RTN method of GNSS measurements and providing the additional control over the
marking works with electronic total station. M ethodology. To ensure the accuracy of the recommended methods, the
studies, including experimental ones, with measuring the axes from two basis lines are taken by GNSS receiver in
such a way to coincide with the x and y axes of the object’s general plan. To minimize the sporadic errors and
increase the accuracy of obtained results, the investigation was made on the inherent basis, which allows the forced
centering of tools. The special aspect of this basis is that it is situated very close to the permanent station (10 km).
This factor substantially compensates the systematic errors in the results of the relative measurements. Results:
Results of the study are: it was established that when setting the fixing baseline with the dual-frequency GNSS
receiver in the way its points coincide with the main axes of construction netting and the following marking of al the
elements of the construction site toward this basdline, the required accuracy is provided, e.g. mutua location of points
of main, basic, and detailed axes, and in some cases fitting axes as well. Scientific novelty and practical
significance. The method, described in the work, involves measuring the main building axes instead of the
contiguous construction netting. Then, with the help of the eectronic tacheometer, we can extend the measuring
nettings of the building. This method allows to avoid building the basic construction netting by changing the
mounting geodesic netting with the two basic lines (with at least 4 mounting points), that fix the position of the
coordinates axes of the genera plan and additionally contral the axes marking with the electronic tacheometer from
the basic line by using the distances value between the basic lines points, measured with the RTN method.

Key words: GNSS, TPS, RTN measurement, planning works, electronic total station.

recommendations will allow to refuse from
building the classic construction netting and
conduct planning works with GNSS receiver by
using RTN methods [Shuljc, Medvedsjkyj, 2009;
Mullenix et al., 2011; Parkinson, Spilker, 2006].

Introduction

Global Navigation Satdlite Systems (GNSS) are
widdy used during surveys, construction, and
reference measurements together with the traditional
methods. [Trevoho & d., 2016]. On our opinion, the
most promising methods during the cregtion of the
geodesic marking network are Real Time Networks
(RTN) measurements (with reference gtations
networks), that are not even mentioned in the modern

M ethodology

To build the graticule on the congtruction site,
let’s mark two bass AB and CD insitu with the

documents[DBN V.1.3-2-2010; DBN A.2.1-1-2014].
However, the advantages of RTN methods are more
than obvious (measurements can be taken with one
device, the results may be received without post
processing just in seconds [Lanjo, Savchuk, 2012,
Savchuk & al., 2009, Tereshhuk, Nystorjak, 2013]).

Purpose

Formulating the practical recommendations of
defining the main construction axes (symmetry
axis), that provide a required accuracy according to
the current standards - 3-5 cm [DBN V.1.3-2-
2010], and significantly decrease the time spent on
geodetic works on the construction. These

GNSSreceiver, sothey areparald tothex and y axes
of the general plan on which the site is projected.
Then, let’s mark the axes, using the method from the
basic line as described in the work [Burak, 2011]. To
solve the problem, one has to know only the
coordinates x and y of one basis point and set the
position angle of the line to 0° or 90°. Theoretically
al planning works may be done from one base line,
but we recommend to set at least two in order to
provide the visibility on the entire site including the
possibility of losing important points during the
construction work.

During planning and marking work, GNSS
measurements on the nearest observation points
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are made a short distance from each other (not
more than 200 m), so the points will be located in
ionospheric conditions and there will be a chance
to see the same satellites. It allows to confirm,
that influence of errors, entailed by ionospheric
delays and satellite clock wrong time will be
significantly  decreased because of the
compensation of their systematic component, that
will improve the accuracy of set base lines.

It was confirmed by our research, described in
the work [Burak, Lysko, no. 27, 2017]. To take
exact relative measurements (of the angles and
distances), the experimental studies in the
conditions of real construction with reference zone
consisting of 4 sites were conducted. Thereference
zone is located in 10 km from the permanent
station. The GNSS receiver was alternatively
installed on the reference zone sites with the
possibility of forced centering, and, taking into
account the phase center, the site coordinates in
different averaging measurements were determined.
All measurements were taken by dual-frequency
GNSS recever QStar 8 with RTN method
throughout 1 hour.

After processing data with famous formulas,
with the help of coordinates, the distances and
angles were measured, which were compared to the
parameters of calibration base, coordinated with the
electronic 2 second total station.

According to the multiple experimental
measurements, with accordance to designed
recommendations (optimal amount of
measurement averaging and such factors as
distances to the closest permanent stations and
geometry of their location, the detailed
information is provided in the work [Burak,
Lysko, no. 85, 2017]) , it was proved, that the
accuracy of vector measurements was 2,52 mm
on the distances less than 200 m, and the
accuracy of mutual location, including the
accuracy of angles definition, was 3,18 mm
(taking into account the errors of orientation)
when the time difference between measurements
on two basis points was less than 1 hour.

It is important to remember that points A, B,
C, D are set without such errors as device and
viewfinder centering, as well as error of
benchmark data. See Fig. 1.
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Fig. 1. Typical diagramof planning works with RTN method
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Let’'s review the possibility of using the above
described method of taking the main construction
axes to provide the marking grid of construction
and site, without building the basic construction
netting. We will also show how to additionally
control the work with the help of basis lengths,
obtained from the GNSS measurements.

It is known that the measurement toward the
basedline is based on measuring the distances I, I,
and angle v. It defines the coordinates of location
after the ET and gives the opportunity to make
amendments to the prototype without errors. Such
a method has several advantages. For example, it
is relatively simple in usage, the mutual accuracy
of setting elements isn't influenced by the errors
of device centering, errors of point O fixing, and
erors of benchmark data. However, it has the
drawbacks as well, one of which is the absence
of control. That’s why it's recommended to repeat
the measurements from both points O
[Burak, 2011].

In case the points setting is made by a GNSS
receiver and the base length is known, there is an
opportunity to add one more additional control of
defining the coordinates of point O. Let’s review it
in more detail. First, we have to set the length of the
basdine, for example AB according to the cosine
theorem.

AB = \/lf + 12 — 21,1, cosy. 1)

Then compare this value to the basdine length,
defined from the coordinates of the equation.

AB = (X, — X)? + (Y, — Y,)? )

where Xa, Xo, Ya, Yb — coordinates of fixing points
obtained from the results of satdllite observations.
Let's define the possible difference between
these two values, estimated by the formulas (1) and
(2). In order to simplify the process, let’s review the
case when the sides | and |, are the same and are

measured with ET with the same accuracy. Mean
squared error (MSE) are equal mi,=m,,.

AB = /212 — 212 cosy = /212(1 — cosy) (3)

Let's differentiate this function (3) on | and y
and receive:
0AB  2l(1 —cosy)

al J212(1 — cosy)

’4(1 cos y) ’45”12 Y _ (4)

=./2(1 —cosy) =

0AB _ lsiny __ lsiny _ lsiny _
oy  J2(1-cosy) \/45m2y 251n1—/
2lsin%cos% Y
=y = lcos= (5)
Zsini 2
From here:
Z
2 _ dﬁ’)z (dﬂ) s
mAB_(dl ms + dy / p2?
% m
=(Zsin5) mé + (lcos ) ra
—4m§sng rnoI cos?d > (6)

The maximum value will be
2

m
mip = 4m? + [ p—f )

Values by the formula (6) are illustrated
in Fig. 2. The distance | is marked on the axis
of abscissas and angle y — on the axis of
ordinate.

Analysis shows that depending on the location
of point A toward the baseline AB, the maximum
and minimum mag values are Magmin = 1.2 mMm
when | = 120 m, and Mamax = 3.0 mm,
| = 140 m. The accuracy of defining the m
distances ms = 0.0015 m and angle m; = 2&were
taken into account.

In such away, RMS of setting the basis AB by
the satelite method and the maximum error of
defining this distance toward the baseline will be
equally accurate. It gives the opportunity to
compare the data of distance value and additional
control when measuring.
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Fig. 2. Value of distance definition error depending
on the location of point O on the construction site

Summary

Guaranteed by the manufacturing companies of
reference station networks, accuracy of defining
coordinates in RTN mode by using the antenna for
GNSS equipment installation equals 2-5 cm, which
is enough for marking the main axes of buildings
and red building lines according to the sites of
geodesic base and makes it possible to refuse from
building the classic construction netting.

When using the stillages for GNSS antenna
centering, the basis length, obtained from these
measurements, alows to rdiably control the
accuracy of station coordinates, on which, during
the detailed planning works, the electronic total
station is installed during the land planning.
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MOXJIMBOCTI BUKOPUCTAHHS RTN-PILUEHD J151 PO3MIUYBAJIbHUX POBIT HA BY/JIBHULITBI

MeTta nanoro gociaimkeHHs1. Po3po0ieHHs MPaKTUYHUX PEKOMEH Al Ui BUHECEHHS TOJIOBHUX Ocel OyiBenb
(oceit cumerpii) 3 Buxopucranas RTN wmeromuku GNSS-BuMmipiB Ta 3a0e3leueHHs AOJATKOBOI'O KOHTPOIIIO
PO3MIYyBaJIbHUX POOIT 3 BHKOPHCTaHHSIM €JIEKTPOHHOro Taxeomerpa. Meroamka. [y OCITIDKEHHS TOYHOCTI
MIPOITOHOBAHUX pIllleHh BUKOHAHI JOCTI/KEHHs, B TOMY YHCII 1 EKCIIEpUMEHTaJbHI B YMOBaxX OYyiBEIbHOTO
MalaH4uKa, 3 pO3MIUyBaHHSI Ocei BiJ ABOX 0a30BHX JiHiH, monepeanbo BuHeceHux GNSS-mpuiimauem Tax, 1moo6
BOHH 30iranucst 3 ocsiMH X 1 Y TeHepajbHOro ruiaHy o0’ exkra. HaykoBa HOBM3HA Ta MpaKTHYHA 3HAYYINICTh. B
PpOOOTI TPOITOHYETHCSI 3aMICTh CYILIJIBHOI OYNiBENBHOI CITKM BHHOCHUTH Bifjpa3y TOJIOBHI oci OyaiBenb, a BiJl HHX
Oe3rocepeHbO, 3a IOMOMOTOI0 EJIEKTPOHHOI'O TaXEOMETpa, PO3BUBATH PO3MIUyBabHI Mepexi cnopyau. MeTox nae
MOJKJIMBICTh BIMOBUTHCH BiJl TIOOYIOBU KJIACHYHOI OYIiBEIBHOI CITKM, 3aMIHHBIIA OIOPHY T'€OJC3UYHY MEPEKY
JBOMa 0a30BUMH JiHiAMH (MiHIMYM 4 OMOPHI TOYKH), SIKi 3aKPIIUIAIOTH MOJOXKEHHS OCeH KOOPAWHAT TEHEPAIbHOIO
IUIaHYy Ta JOJAATKOBO KOHTPOJIOBATH PO3MIUyBaHHS OCEH €JNEKTPOHHUM TaxeOMETPOM CIOCOOOM Bix 0a30BOi JiHii,
BUKOPHCTOBYIOUH JJIsl KOHTPOJIIO 3HAYESHHSI BiJIaiel Mixk TOYkaMu 0a30BUX JIiHIH, BuMipsHe MeroqoM RTN.

Kmiouosi ciosa: GNSS; TPS; RTN-BuMip; po3iiaHyBajibHI poOOTH; €JICKTPOHHHUI TaXeOMETp.
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