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The purpose of the research. Elaboration of practical recommendations concerning creation of a geodesic
markup construction base with GNSS technologies, including Real Time Networks (RTN) methods. M ethodology.
To investigate the accuracy of the recommended solutions, different kinds of research were made, including a
practical one. It was conducted on the construction site by marking the axis from two base lines, previoudy indicated
by a GNSS receiver in such away, so they coincided with the x and y axes of the genera site's 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 basisis that it is situated very close to the permanent
gtation (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 pointed coincide with the main axes of construction netting and the
following marking of all the elements of the construction site toward this baseline, the required accuracy is provided,
e.g. mutual location of points of main, basic, and detailed axes, and in some cases fitting axes as well. Scientific
novelty and practical significance. The research presupposes using only the main axes of the construction netting
and extend the marking networks of the site and construction. This method allows refusing from building the basic
congtruction netting, by replacing the supporting geodesic network with two base lines (at least 4 fix points), that fix
the location of the coordinates axes of general site and controlling the axes marking by Total Positioning Station
(TPS) method using the value measured by RTN for controlling the value of distances between the base lines points.
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Introduction

Global Navigation Satellite Systems (GNSS) are
widely used during surveys, construction, and reference
measurements together with the traditional methods.
[Trevoho et al., 2016]. On our opinion, the most
promising methods during the creation of the geodesic
marking network are Real Time Networks (RTN)
measurements (with reference stations networks), that
are not even mentioned in the modern 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 et al., 2009, Tereshhuk,
Nystorjak, 2013]).

Purpose

Creste the practical recommendations for building
the geodesic marking construction base that will provide
the accuracy and save geodesic work time on the
construction site. These recommendations will alow to
refuse from building the classic construction netting and
conduct planning works with a GNSS receiver by using
RTN methods [Shuljc, Medvedskyj, Mullenix et al.,
2011; Perkinson, Spilker, 2006] and modern eectronic
total stations (ET).

M ethodology

To build the graticule on the construction site, let's
mark two basis AB and CD in-situ with the GNSS
receiver, o they are parale to the x 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] (ET). 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 all 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 are
made a short distance from each other (not more than
1000 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. The information mentioned above was proven
by our research. According to research results [Burak,
Lysko, no. 27, 2017], when following the
recommendations (adequate amount of measurement
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averaging, distance to the closest permanent stations,
and geometry of their allocation [Burak, Lysko,
no. 85, 2017]), it is possible to get the accurate mutual
location 3, 18 mm (including the error of line
orientation), and the accuracy of setting vectors —

2.52 mm on the distances less than 200 m [Burak,
Lysko, no. 27, 2017]. 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 diagram of planning works with RTN method

It is known that the measurement toward the
baseline is based on measuring the distances I3, I2
and angle y. 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
errors 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 baseline, for example AB
according to the cosine theorem.

AB = \/lf + 12 — 2141, cosy. (1)

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

AB =X, — X)2 + (Y, — ¥,)? 2)

where X,, Xp, Y, Y» — coordinates of fixing points
obtained from the results of satellite 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 m;,=my,.
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AB = /212 — 212 cosy = +/212(1 — cosy) (3)
Let's differentiate this function (3) on / and y

and receive:
=,/2(1 —cosy) =

0AB _ 2I(1—cosy)
ol 212(1 — cosy)

=\/w=\/4sin2§= Zsin}Z—, 4)
0AB _ lsiny __ Isiny _ lsiny _
oy J2(1-cosy) \/4sin2§ 2 sin}z—/

2lsin%cos% %
=———— =lcos5 5
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From here:
i = (2] mi + (2"
- (2sm) i + 1o’
m’ =4m]sin’ = Y+ pﬂ Peostl — (6)

The maximum value will be:

mig = 4m?2 + 2 pﬁ

(™)

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.

160 170 180

Fig. 2. Value of distance definition error depending
on the location of point O on the construction site

Analysis shows that depending on the location
of point A toward the baseline AB, the maximum
and minimum myp values are Mapmin = 1.2 mm
when [ = 120 m, and Mmapmax = 3.0 mm,
[ = 140 m. The accuracy of defining the m

distances ms = 0.0015 m and angle mp = 2" were
taken into account.

As it is known, the accuracy of the coordinate’s
definition by RTN method range from 2 to 5 cm

depending on the mutual location of permanent
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stations and atmospheric conditions [Burak, Lysko,
no. 27, 2017]. However, the previous
works [Burak, Lysko, no. 85, 2017] defined that the
relative accuracy of defining vectors with a GNSS
receiver is always higher than from the accuracy of
separate points due to the compensation of
systematic error components, entailed by the
atmospheric and ionospheric delays and errors of
receiver and satellite clock.

If you follow the recommendations provided in
the work [Burak, Lysko, no. 85, 2017], you will get
the mutual accuracy of setting the vectors (lines) —
2,52 £ 0,0lmm. In such a way, RMS of setting the
basis AB by the satellite 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.

Consequently, when setting the basis by the
dual-frequency GNSS receiver and the following
marking of all the elements of construction site ET,
it is possible to receive the accurate relative
positioning of the sites from the single
measurements even less than 2—3 mm and decrease
the expenditure of time for geodesic works on the
construction site.

Summary

According to the results of the research, 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
all the elements of the construction site toward this
baseline, the required accuracy is provided, e.g.
mutual location of points of main, basic, and
detailed axes, and in some cases fitting axes as
well. This method allows to abandon the creation of
the common construction netting and reliably
control the taken measurements.

REFERENCES

Burak K. O. Tekhnologhija rozplanuvaljnykh robit i
vwkonavchykh znimanj z vykorystannjam TPS.
Geodesy, Cartography and Aerial Photography.
2011, no. 75, pp. 53-57.

Burak K. O., Lysko B. O. Exploring the accuracy of
lengths constructions when solving the engineering
geodesy issues with RTN method. Geodesy,
Cartography and Aerial Photography. 2017, no. 85,
pp. 5-12.

Burak K. O, Lysko B.O. Rezuljtaty doslidzhennja
tochnosti RTN metodu GNSS vymiriv jedynym
(vykhidnym) bazovym rishennjam ta mozhlyvosti
Jjogho vykorystannja dlja rozmichuvaljnykh robit pry
budivnyctvi. Naukovyj visnyk NLTU Ukrajiny. 2017,
no. 27, pp. 145-150.

DBN V.1.3-2-2010. Systema zabezpechennja tochnosti
gheometrychnykh — parametriv. u  budivnyctvi.
Gheodezychni roboty u budivnyctvi.

DBN A.2.1-1-2014. Inzhenerni vyshukuvannja dlja

budivnyctva

Lanjo O., Savchuk S. Doslidzhennja tochnosti RTN-
vymirjuvanj u merezhi UA-EUPOST / ZAKPOS.
Visnyk gheodeziji i kartoghrafiji. 2012, no. 4.

Mullenix D., Fulton J, Brooke A. RTK Networks: Single
Baseline and Network Solution Options. TIMELY
INFORMATION Agriculture, Natural Resources &
Forestry. 2011, pp. 1-2.

Parkinson B. W., Spilker J. J. Global Positioning
System: Theory and Applications. Washington,
2006, 798 p. (American Institute of Aeronautics and
Astronautics).

Savchuk S., Zademlenjuk A., Piskorovsjkyj A.
Eksperymentaljni doslidzhennja tochnosti
vyznachennja  koordynat  metodom  RTN z
whkorystannjam — GPRS  Internet  zljednannja.
Suchasni dosjaghnennja gheodezychnoji nauky ta
vyrobnyctva [Modern achievements in geodetic
science and industry]. 2009, issue 1 (17).

Shuljc R. V., Medvedsjkyj Ju. V. Rozrobka i
doslidzhennja metodyky stvorennja gheodezychnoji
osnovy na montazhnomu ghoryzonti pry vysotnomu
budivnyctvi.  Mistobuduvannja ta  terytorialjne

planuvannja: nauk.-tekhn. Zbirnyk. Kyiv: KNUBA,
2009, no. 34, pp. 539-542.

Tereshhuk O., 1. Nystorjak O. Analiz  GNSS-
sposterezhenj u Pivnichnomu reghioni Ukrajiny.
Mistobuduvannja i terytorialjne planuvannja. 2013,
no. 48.

Trevoho 1., Kupko V., Neezhmakov P., Olejnyk A., ta
inshi Gheodezyja y metrologhyja boljshykh dlyn y
korotkykh vektorov. sksperymentor 'y ataloner.
Suchasni dosjaghnennja gheodezychnoji nauky ta
vyrobnyctva: nauk.-tekhn. zbirnyk NU “Ljvivsjka
politekhnika” [Modern achievements in geodetic
science and industry]. 2016, issue II (32), pp. 55—
562.



20 eodesis, kapmoepadpisi i aepogpomosHimaHHs. Bun. 87, 2018

K. BYPAK', . IUCKO?

! Kadenpa reonesii, IBaHo-OpaHKiBChbKHI HalliOHAIBHUI TeXHIYHUN yHiBepcuteT HadtH i rasy, Byn. Kapmarceka, 15, IBaHo-
OpankiBebk, Ykpaina, 76019, en. momra: burak4111945@gmail.com

2 Kadenpa reonesii, IBano-OpaHKiBCbKUil HALlIOHATbHUN TeXHIUHHMN yHiBepcuteT HadTh i raszy, Byn. Kapmarceka, 15, IBano-
®DpankiBCehK, Yipaina, 76019, en. momra: 93lisko@gmail.com

MOXJIMBOCTI BUKOPUCTAHHS RTN-PIIHEHDB U151 PO3MIYYBAJIBHUX POBIT HA BY AIBHUIITBI

Merta gocaimkenas. Po3poOieHHS MPaKTHYHIX PEKOMEHIAI CTBOPEHHS Te0e3MYHOI PO3MidyBaIbHOI OCHOBH
OyniBaMITBA 3 BUKOpucTaHHI GNSS-TexHomori, 30kpemMa RTN-metonnku. Meroauka. [ 1ociKeHHS TOYHOCTI
MIPOTIOHOBAHUX PIllIeHb BUKOHAHI JOCTIKEHHS, 30KpeMa eKCIIepUMEHTAIbHI B YMOBaX OyiBENbHOTO MaiilaHIMKa, 3
pO3MiuyBaHHS OCel Bil ABOX 0a30BHUX JiHiH, monepennbo BuHeceHHX GNSS-npuiimayem Tak, mo6 BoOHU 30iraaucs 3
OCSIMHM X 1 y TeHepaJlibHOro IuiaHy o0’exkta. HaykoBa HOBM3HAa Ta NpaKTHYHA 3HAYYIICTB. Y po0OoOTI
3aIpOIIOHOBAHO 3aMiCTh CYIJILHOT Oy/1iBEIbHOI CITKM BUHOCHUTH TiJIbKH 11 OCHOBHI OCi, a BijJi HUX Oe3nocepesiHbo 3a
nonomoroto TPS (Total Positioning Station) po3BuBaTi po3MidyBasibHI Mepeki MaiiaHuuka i copyaun. Meron nae
MOJKJIMBICTh BIIMOBUTHCH BiJ TIOOYJOBU KJIIACHYHOI OyIiBEITBHOI CITKH, 3aMIHHUBINU OIOPHY T'€OJC3HYHY MEPEKY
JBOMa 0a30BUMH JIiHISIMU (MiHIMYM 4 ONOpPHI TOYKH), SIKi 3aKPIIUISTIOTH TOJIOKEHHSI OCEH KOOPANHAT TeHEPaIbHOTO
IUIAHy Ta JOJATKOBO KOHTPOJIOBATH po3MmiuyBaHHs oceil TPS-crocobom Bin 6a30BOi JIiHI, BHKOPHCTOBYIOUH IS
KOHTPOJTIO 3HAYCHHS BijIaneil Mixk ToukaMH 0a30BHX JiHiH, BuMipsae MetomoMm RTN.

Kirouosi crosa: GNSS; TPS; RTN-eumip, po3nianysanioHi pooomu, eieKmpOoHHUL maxeomemp.
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