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POLISH ACTIVE GEODETIC NETWORK AS A MULTI-FUNCTIONAL
NATIONWIDE NAVIGATION AND POSITIONING SYSTEM

The aim. The aim of the work is the research of the possibilities of using the real time in geodetic satellite
measurements, the support system of Ground-Based Augmentation System (GBAS) type [Prasad and Ruggieri 2005,
Rife and Phelts 2009, Dawidowicz and Krzan 2014]. The paper analyzes the results and evaluates the actual accuracy of
the real field measurements, depending on the selected solution. Applied solutions included using real-time in the
measurements, two types of corrections, for the network and of a single reference station, and one or two positioning
systems integrated with each other. The method. The research measurements were performed using the multifunction
precise satellite positioning ASG-EUPOS system operating in Poland since 2008. This system is based on a network of
ground reference stations GNSS, which are distributed approximately evenly throughout the country. The testing area
consisted of points, which have previously been measured by the static method, and their coordinates have been
determined in postprocessing. In the test measurements, four different services that provide differential corrections via
the Internet were used. In the final result 3D coordinates of the test area points were obtained, and were subject to
detailed analysis, in terms of obtained accuracy and precision of the coordinates determination, on the basis of a single
measurement using selected services. Results. The results of measurements and performed analyzes of real-time
measurements firstly showed advantages of network corrections over corrections from a single reference station. And
secondly they helped to demonstrate empirically the advantage of measurements made on the basis of the two
positioning systems with respect to the measurement using only one system. The new aspect of this work is the
simultaneous use of the real-time measurements corrections for GPS and GLONASS satellites. Practical significance.
The current state of advancement of the technology of satellite measurements performed in real time, allows the
determination of coordinates with different accuracy, from the centimeter level accuracy to the decimeter accuracy. The
type of measuring equipment used in this case plays an important role. On the basis of the performed experiment it is
recommended to use two system receivers to ensure high measurements accuracy and certainty of the results.

Keywords: RTK/RTN GNSS, GBAS, accuracy, precision of the points coordinates.

Introduction Together with the development of satellite
measurement techniques, active geodetic networks
have become the standard to create a basic and
homogeneous infrastructure providing access to
cartographic data and a spatial orientation in a
broad size. Many countries in the world have
implemented and maintain on their territory
uniform, national reference systems, which further-
more are compatible and create wider, so-called
continental reference systems. Systems of this type
are multifunctional and they are used not only for

The main task of the contemporary GNSS (Global
Navigation Satellite Systems) used in survey
measurements is to determine the coordinates of the
points [Lamparski and Swiatek 2007]. Currently,
GNSS includes four operating systems: American
GPS  (Global Positioning System), Russian
GLONASS (Globalnaia Navigacionnaia Sputnikova
Sistema) [www.glonass-iac.ru/en/GLONASS],
Chinese BeiDou [www.insidegnss.com/compass] and

Japanese QZSS (Quasi Zenit Satellite System) and
also the European System Galileo
[www.insidegnss.com/ galileo], which is still under
construction and now provides only test signals. Two
basic technologies of satellite measurements are static
and kinematic measurements.

precision positioning and navigation, but also in
spatial planning, cadastre of land and buildings, as
well as in crisis management in time of natural
catstrophes, disasters and safety hazards.

An important advantage of satellite active
geodetic systems is also, that position of objects is
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described in three dimensions and the fourth
dimension is time, because the coordinates are
always determined for a given measurement epoch.

The national active systems of geodetic
networks in Europe were mostly implemented
according to the uniform international standards
EUPOS. Although at present the system DGNSS
services available in Europe differ in terms of
procedures and scope of services offered but the
technical conditions for their use are generally
compatible with one another. This causes that the
surveying companies from different countries can
offer and implement their services in such areas.

In Poland, since June 2008 [Bosy and others,
2010], multifunctional precise satellite positioning
system has been operating as ASG-EUPOS (Active
Geodetic Network — EUPOS) which is a part of a
larger project EUPOS (European Position
Determination System) [EUPOS 2013]. Since the

launch of the system has been observed the
implementation of the different measuring methods
in surveying applications, which for increasing the
precision, accuracy and reliability of their results
use permanent stations GNSS.

ASG-EUPOS provides users with its services
through two primary corrections systems: real-time
and postprocessing [asgeupos 2015].

Real-time Service offers three corrections:

= NAWGEO which is an essential service,
providing corrections to the real-time measurement
both from a single station RTK as well as RTN
network corrections. Thanks to the many available
corrections formats, NAWGEQO service allows
users to use a wide range of measurement
equipment available on the market. The assumed
minimum accuracy of this service is: up to 3 cm —
determination of horizontal position and up to 5 cm
determination of vertical position.

Fig. 1. Arrangement of reference stations in the ASG-EUPOS system
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= KODGIS is a service dedicated for the
kinematic measurement of DGPS, in which the
assumed minimum accuracy of  position
determination is 0.25 m.

= NAWGIS is dedicated to the less accurate
coordinate determination using cheaper code
receivers GNSS. Standard format RTCM used in
this service is recognized by all receivers equipped
with an DGPS function. It provides positioning to
an accuracy of a few meters (Approx.3 m).

Postprocessing provides two services:

= POZGEO allows performing automatic
calculations in postprocessing mode of GPS
observation performed by user with a static method.
For the calculations are used phase observations
performed with single and dual frequency receivers,
converted to the specified observational data format
and sent to the system.

» POZGEO D provides observations of the
physical reference stations ASG-EUPOS system
and created virtual reference stations, on the basis
of the parameters preset by the user. This allows
users to develop their own observational data based
on two approaches. The first approach is a classic
example for postprocessing, in which reference
stations ASG-EUPOS constitute a reference system
for the network of determined vectors.

Possible to obtain precision of the coordinates in
both of these services depends on the class of
measuring equipment, measuring environment and
observation session length and on the average ran-
ges from 0,01 to 0,10 m [Ryczywolski at all, 2010].

The ASG-EUPOS system includes currently
(April 2015 r.) network of permanent reference
stations consisting of 125 points, including 102 po-
lish stations while 23 are foreign stations (Fig. 1).

All stations are connected by a special dedicated
fiber-optic network with two working synchro-
nously Administration and Control Centers (CZK),
where the raw observations recorded at individual
stations are sent. This ensures the practical
implementation of the reference system ETRF89 in
Poland, while additional system products in the
form of GNSS corrections and raw but checked
observations of reference stations provide precise
real time positioning, support the navigation
throughout the country and allow postprocessing of
static measurements in a homogeneous reference
system.

Description of the research experiment

In the test measurements a new-generation satellite
receiver Trimble R10 integrated with the GNSS
antenna, equipped with a TSC3 controller was used. It
is a 440-channel satellite signal receiver, which is
capable of performing integrated measurements for:
GPS, GLONASS, BeiDou, SBAS systems as well as
Galileo in the future. The new type of measurement
solution (HD-GNSS) significantly reduces the
convergence time of the receiver and at the same time
improves the accuracy and reliability of the position
determination in comparison to the earlier solution of
Fixed / Float type, especially in difficult satellite
conditions [www.trimble.com]. In addition, the
Trimble R10 is equipped with a Trimble Xfill ™
technology, which uses special Trimble CenterPoint®
RTX™ service, which provides GNSS corrections via
satellite or the Internet with a precision for the Precise
Point Positioning (PPP) solutions. This enables
continuity of RTK measurements in the case of short
interruptions in connection with a RTK base station or
VRS network what significantly increases the
efficiency of surveying works. Built-in tilt sensor
allows performing correct measurements with a slight
deflection from the vertical. While the electronic level
built in the front panel protects the user from
accidentally leaving the vertical during the
measurement, through signaling level position on the
controller. Additionally, the tilt parameters of the level
can be stored at each measurement, then they can be
included into the final processing of the results.

For a detailed assessment and verification of the
usefulness of selected real-time  services
(NAWGEOQO) in the national, multi-purpose
ASG-EUPOS positioning system the experimental
measurements were performed at a test facility
located in Krakow on the campus of the Faculty of
Environmental Engineering and Geodesy at the
University of Agriculture in Krakow in the area of
streets: Balicka, Majora Lupaszki and Godlews-
kiego (¢=50,083°, A2=19,825°. h= 216 m above sea
level). The test facility was the proving ground area
consisting of 8 points, which precise coordinates
have previously been determined by a static GNSS
method. Points were arranged at distances from
120 m to 194 m between them, in the suburban area
of low buildings, meeting the minimum
requirements for the performance of satellite
observations, only on two points (2053 i1 2054)
there were disadvantages arising from the location
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of the point in the immediate vicinity of buildings
and other obstacles (Fig. 2).

Test measurements were made using the basic
service (NAWGEQO) used by surveyors in kine-
matic measuring by satellite GNSS RTK/RTN
positioning techniques [Odijk at all, 2014].

Two types of solutions of corrective amend-
ments were used (network solution — RTN and

single station solution — RTK) in two versions: with
use of GPS system and GPS+GLONASS system
(Table 1).

Altogether four independent tests were perfo-
rmed, and four different correction data streams
were transmited by a NTRIP protocol using the
wireless communication GSM.

Fig. 2. Location of the test facility

Table 1
Basic information on the tests used in the research measurement

Marking Solution Satellite systems Data format Information
of the test type

Network 1004(1), 1005(5), 1007(5), 1012(1),
I ®RTN) GPS+GLONASS | RTCM 10403.1 (VRS) 1030(5), 1031(5), 1032(10),

1033(5), 4094(10)

Network 1004(1), 1005(5), 1007(5), 1030(5),
I (RTN) GPS RTCM 10403.1 (VRS) 1032(10), 1033(5), 4094(10)

Single 1004(1), 1005(5), 1007(5), 1012(1)
1T station GPS+GLONASS | RTCM 10403.1 (VRS) 1033( 5)’ ’ ’ ’

(RTK)

Single
v station GPS RTCM 10403.1 (VRS) 1004(1), 1005(5), 1007(7), 1033(5)

(RTK)
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Table 2

Examples of measurements recorded during
the test measurements

s 5 o | 4 A A
Point 55| = |E2| 38 H 2 2
om Date / hour = 8 2 T| 2E X y = E
number < - > 2| E5 I~
S| 2
= o
[m] [m] [m] [m] [m] [m]
139301 2015-02-25 1.696 | 1.6 13 5 324.675 566.440 | 214.246 0.005 | 0.008
07:06:09 - -
139302 (2)(7)1056_0127-25 1.696 | 1.6 13 5 324,675 | 566.441 | 214.245 0.006 | 0.009
139303 2015-02-25 1.696 | 1.8 13 5 324.675 566.440 | 214.243 0.006 | 0.009
07:06:27 - -
139330 32.1151-.0228-25 1.696 | 1.6 13 5 324677 | 566.435 | 214.248 0.004 | 0.007

30 independent measurements at each point of
the research network within each series of tests
were performed, each of which was preceded by a
new initialization of the receiver. The measu-
rements were made using assumed following
parameters:

elevation mask 10 degrees above the

horizon,
=  DOP factor <6,
minimum number of observed satellites 6,
time of the point measurement 5 seconds.
During measurements antenna GNSS integ-
rated with a satellite receiver was set fixed using
tribrach, which was precisely centered and levelled
over the measured point, on a heavy wooden tripod
using the optical plummet equipped with cross
levels. This solution was used to eliminate the
ambiguity antenna alignment at the measured point
during measurement. During the measurements
standard results were recorded in the following
form: designation of the measured point, exact date
and time of the measurement, coefficient PDOP
values, number of satellites being tracked, under
which the position has been determined (L. sat), the
number of RTK / RTN positions measured at the
point (e), coordinates (x, y) in the PL-2000/21
reference system, heights in Kronsztadt’86 (H’K86)
system, approximated by the receiver errors of the
horizontal position determination (RMS 2D) and

heights (RMS 1D). Examples of results of the
measurements are shown in Table 2.

Analysis of the results of measurements

Coordinates of the points determined by static
measurements were taken as reference for the needs
to perform data analyses of obtained measurements
results using each type of test. Relative to them
deviations of measurements were calculated for
each series of observation using the generally
accepted formulas:

dx=x,,— X,
dy=yw=yp
dH=H,,— H,

The calculations were made separately for each
of the applied solution. It was observed that the
results were significantly different depending on
the type of correction used when measuring and
also on the location of measured control points. In
addition, each series of measurements was
characterized by the occurrence of some outlier
measurements.

To analyze these relationships measurement
results were analyzed for obtained differences: df,
dy, dH between the coordinate values assumed as
model and the measured once. The distributions of
these differences, for each individual coordinate
and for each type of solution are shown graphically
in Fig. 3 - 8.
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Fig. 3. Distributions of value dx obtained in network solutions RTN:GPS+GLONASS and GPS
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Fig. 6. Distributions of value dx obtained in network solutions RTN:GPS+GLONASS and GPS
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Fig. 7. Distributions of value dy obtained in network solutions RTN: GPS+GLONASS and GPS
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Fig. 8. Distributions of value dH obtained in network solutions RTN:GPS+GLONASS and GPS

It follows from the drawings 3 — 8 that the dif-
ferences in the individual coordinates for adopted
network solutions fall within the following ranges:

e using network corrections (measurement
RTN):

— differences dx — from -0.025 m to +0.028 m
for the GPS+GLONASS solution and from
-0.026 m to +0.027 m for the GPS solution;

— differences dy — from -0.027 m to +0.026 m
for the GPS+GLONASS solution and from
-0.030 m to +0.022 m for the GPS solution;

— differences dH — from -0.027 m to +0.064 m
for the GPS+GLONASS solution and from
-0.033 m to +0.070 m for the GPS solution,

e using corrections from a single
(measurement RTK):

— differences dx — from -0.021 m to +0.028 m
for the GPS+GLONASS solution and from
-0.055 m do +0.094 m for the GPS solution;

— differences dy — from -0.027 m to +0.032 m
for the GPS+GLONASS solution and from
-0.088 m do +0.101m for the GPS solution,

— differences dH — from -0.028 m to +0.056 m
for the GPS+GLONASS solution and from
-0.171 m to +0.138 m for the GPS solution.

station

On this basis, it can be concluded that the
differences dx, dy and dH between coordinates
adopted as model and the measured coordinates
generally fall within the accuracies provided by the
NAWGEO service. Only in the case of individual
measurements for the differences dy (for
measurements RTK — GPS+GLONASS) and for
differences dH  (for measurements RTN -—
GPS+GLONASS and RTN — GPS and also RTK —
GPS+GLONASS) they are slightly larger than the
given accuracy. Exceptions are differences dx, dy
and dH, obtained by RTK measurements solely
based on GPS system satellites signals, where the
ranges of these differences far exceed established
accuracy of the NAWGEO service.

To characterize the resulting differences dx, dy
and dH, depending on the type of the applied
corrections, generally known statistical models
were used and following values for them were cal-
culated: minimum (Min), maximum (Max), average
(Average), median, standard deviation (o) and dis-
persion (R). The calculated values for these statis-
tical measures on the basis of generally known rela-
tions [Stanisz 2006] are presented in tables 3—0.
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Table 3
Test I — network solution RTN — GPS+GLONASS
Average Median Min Max R c
Variable
[m] [m] [m] [m] [m] [m]
dx 0.010 0.016 -0.025 0.028 0.053 0.016
dy -0.003 -0.004 -0.027 0.026 0.053 0.010
dH 0.012 0.007 -0.027 0.064 0.091 0.020
Table 4
Test II — network solution RTN — GPS
. Average Median Min Max R c
Variable
[m] [m] [m] [m] [m] [m]
dx 0.009 0.014 -0.026 0.027 0.053 0.015
dy -0.003 -0.004 -0.030 0.022 0.052 0.012
dH 0.011 0.007 -0.033 0.070 0.103 0.025
Table 5
Test III — solution RTK — single station GPS+GLONASS
Average Median Min Max R c
Variable
[m] [m] [m] [m] [m] [m]
dx 0.009 0.014 -0.021 0.028 0.049 0.015
dy 0.003 -0.001 -0.027 0.032 0.059 0.013
dH 0.010 0.012 -0.028 0.056 0.084 0.022
Table 6
Test IV — solution RTK — single station GPS
. Average Median Min Max R c
Variable
[m] [m] [m] [m] [m] [m]
dx 0.009 0.010 -0.055 0.094 0.149 0.026
dy 0.009 0.007 -0.088 0.101 0.189 0.030
dH 0.026 0.026 -0.171 0.138 0.309 0.046

It follows from the presented tables that the
mean values of the differences dx and dy obtained
from the measurement in all tests are at milimeter
level and fall in the range from -3 mm to 10 mm.
While the average values of observed differences in
height dH are contained in the range from 10 mm to
26 mm.

These results indicate high accuracy of the
measurements based on the average of the series of
30 observations.

While the measure of variability — the dispersion R
compiled in Tables 3—6, characterizing the variability

of individual differences points out, that for network
solutions RTN — GPS+GLONASS and RTN — GPS
as well as the solution RTK — GPS+GLONASS from
single station measurement precision was obtained in
the form of deviations respectively:

= dx in the range from 4,9 cm to 5,3 cm,

* dy in the range from 5,2 cm to 5,9 cm,

* dH in the range from 8,4 cm to 10,3 cm.

These deviations show that the actual
measurement precision is significantly lower, and
for a single measurement it could be up to five
times deterioration.
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Muh worse results were obtained on the basis
of a solution using only measurements for GPS
satellites. In this case, corrections from a single

reference station gave precise measurement at a
decimeter level, respectively:

= dx=14.9 cm,
" dy=189 cm,
" dH =309 cm.

Moreover these results are confirmed in
tables 3—6, by the value of the standard deviation
(o), which is on average more than twice biger in
test IV with respect to other solutions although the
reference station on the basis of which the measure-
ments RTK — GPS were made, is at a distance of
less than 5 km from the measured object.

Conclussions

1. In Poland since June 2008 has been
operating a multi-purpose satellite system for
precise positioning called ASG-EUPOS, which is
part of a larger project EUPOS. This system, based
on permanent stations GNSS allows to improve the
precision, the accuracy and reliability of the results
of the satellite measurements. ASG-EUPOS pro-
vides users with its two primary services: real-time
and postprocessing.

2. Measurement experiments were carried out
using ASG-EUPOS network aimed at finding, in
which ranges of values fall the differences of
coordinates dx, dy i dH, between their values
determined by the static method (adopted as the
reference), and determined by RTN and RTK
methods using satellites systems GPS+GLONASS
or only GPS satellites. They showed that these
differences of coordinates generally are included
into the accuracies provided by the NAWGEO
service. The exceptions are differences dx, dy and
dH, obtained from measurements RTK — GPS,
where the ranges of these differences far exceed
established accuracy of the NAWGEO service.

3. The mean values of the differences dx and
dy obtained from measurements in all tests are at
the level of milimeters and are included in the
limits from -3 mm to +10 mm. While the observed
average values of differences in height dH are
contained in the range from +10 mm to +26 mm.
This indicates a high accuracy of the measurements
basing on the average of the series of 30
observations. The precision of a single
measurement is up to five times lower for network
RTN — GPS+GLONASS and RTN — GPS solutions

and RTK — GPS+GLONASS solutions from a
single station, in the case of network RTK — GPS
solution — it is much more than ten times lower.

4. Basing on the results of the experimental
test can be established, that highest accuracy and
reliability of results provide RTN -
GPS+GLONASS measurements.

5. It seems necessary to carry out similar
experimental measurings in other seasons of the
year, which will be considered more independent,
and thereby enable more accurate knowledge of the
actual precision of the real time satellite
measurements based on the corrections derived
from the NAWGEO service of the ASG-EUPOS
system network.
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[MOJIBCbKA AKTHUBHA I'EOJJE3UYHA MEPEXA SIK BATATO®YHKUIOHAJIbHA
3ATAJILHOHAITIOHAJILHA CUCTEMA HABIT AL I TO3UIIIOHYBAHHS

Meta. MeToto poboTH € JOCTi/DKEHHS MOXITHBOCTEH BHKOPHCTAHHS B PEKHMI peallbHOTO Hacy TeoJe3UIHUX
CYIIyTHAKOBHUX BUMIpiB, CHCTEMH MIATPUMKHA Ha3eMHHX cHcTeM (yHKIioHamsHOTO tomoBHEHHs (GBAS) tumy. V
CTATTI aHATI3YIOTHCS PE3YILTATH 1 OI[IHEHO (PAKTHUHY TOYHICTH BUMIPIOBaHb PealbHUX MONBOBUX BHMIPIB, 3aJ1€XKHO
BiZ oOpaHoTo pimenHs. [IpuknanHi pillleHHs MICTAITH BUKOPHCTaHHS BUMIPIB ¥ peallbHOMY 9aci, JIBa THIIH KOPEKIIii,
JUTS Mepexki 2 ofHie Ga3z0BOIO CTaHINE, 1 OMHY abo JBI CHCTEMH IO2HIIOHYBaHHSA, iHTETPOBaHI OHA 3 OIHOIO.
MeTtoanka. HaykoBo-mociminHi BHMIpH IPOBOIITHCS 3a JIONOMOTOK 0araTod)yHKINIOHATHHOTO CYIIyTHHKOBOTO
nozuntionyBaHHs ASG-EUPOS cuctemn, mo npaiioe B Ilomsmr 3 2008 poky. Lls cuctema 3acHoBaHa Ha Mepeiki
nazemuux omopauX craHnii 'HCC, sxi momuproioThes NpUOIM3HO pIBHOMIPHO TO Bei kpaimi. Ilosepxms
BHITPOOYBaHHS CKJIAZIAE€THCS 3 TOUOK, sKi OYJIM paHillle BUMIPSIHI CTATHYHUM METO/IOM i iXHI KOOpAMHATH Oyiu
BHU3HA4YEHI B MOAAbUIii 0Opobii. Y TEeCTOBUX BHMIpaX BHKOPHCTOBYBAIHCS YOTHPH PI3HI TNOCTYTH, SIKi
3abe3nedytoTh audepeHIianbHI ToIpaBku depe3 InTepHeT. Y pesynsrarti Oymu oTpuMaHi 3D-KoopauHaTd TOHOK
BUINpoOYBaHb, AKi i € IPeIMETOM JETATFHOTO aHali3y, 3 IOTILy OTPHUMAaHOi TOYHOCTI | TOYHOCTI BHU3HAUeHHSA
KOOPJIHMHAT, Ha OCHOBI OJIHOTO BUMIipy, BUKOPHCTOBYIOUM BHUOpaHi mociyru. PesyabTaTn. PesynsraTvi BUKOHAHHX
BHMIpIOBaHb Ta aHAJ3 BHMipIOBaHb y PeKHMI peabHOTO 4acy, Mo-TIepIile, IT0KA3alTH [lepeBari Mepe)keBIX II0IIPABOK
HaJl oNpaBKaMH Bijl o/iHi€T 6a30B01 cTaHIlii. A TIO-/IpyTe, BOHU JIOTIOMOTIIH IIPOJEMOHCTPYBATH eMITipUYHO [lepeBary
BHMIPIOBaHb, 3pOOIEHNX HA OCHOBI JIBOX CHCTEM IIO3HIIIOHYBAHHS CTOCOBHO BHMIPIOBAHHS 34 /IOITOMOTOIO BCHOTO
qaire oaHiel cucrevu. Houil acmekT miel poOOTH [osisArae B OJTHOYACHOMY BHKOPHCTAHHI B PEKUMI PEATTBHOTO 4aCy
BumiptoBadb nornpasok GPS i TJIOHACC cynyraukis. IIpakTudHa 3Hadymicts. [loTouHuii cran mpocyBaHHA
TEXHONOTIi CYIyTHHKOBHX BHMIpiB, BUKOHAHUX Y PEKUMI PEAThHOTO Hacy, 71a€ 3MOTY BH3HAYUTH KOOPAWHATH 3
PI3HOIO TOYHICTIO, 3 TOYHICTIO Ha PiBHI CAHTHMETPIB B JEIMMETPOBiii TouHOCTI. THI BUMIpIOBAaHHS yCTaTKyBaHHS,
BHUKOPHCTOBYBAaHOTO B IIBOMY BHIIAJKYy, BiJirpac BaXJTHBY posib. Ha OCHOBI IIpOBENEHOTO eKCIIEPUMEHTY
PEKOMEHIYCMO BUKOPHUCTOBYBAaTH JBa CHCTEMHI IIpHiMadi, 100 TapaHTyBaTH BHCOKY TOYHICTH BHMIpIOBaHb i
BIEBHEHICTH y PE3YIIBTATaX.

Kmouwosi cnoea: RTK / RTN GNSS; GBAS; To4HICTE; TOUHICTE KOOPAHHAT TOYOK.

Z.SIEJKA', R. MIELIMAKA?

! YHUBepcHTeT celihckoro Xo3stiicTa B Kpaxose, 31-120 Kpaxog, yin. Munkesnua, 21, ITonsia
2 Crnesxuit Texnonormucckuit yunsepenrer s Imeune, Timenne 44-100, yir. Axagemuaeckas, 2A, Tlonnma

IOJILCKA A AKTUBHAA TEOAE3HYECKAA CETb KAK MHOT'O®YHKIITHOHAJIbHA A
OLBIIEHAITMOHAJIBHA I CUCTEMA GPS

Henab. Lenbto paboTHl SBIAETCS UCCIEOBAHUE BO3MOXKHOCTEH HCIIONB30BAHUS B PEKHME PEATLHOTO BPEMEHHU
Te0/Ie3NUECKHUX CIIyTHUKOBBIX M3MEPEHHN, CUCTEMBI [TO/UIEPKKE Ha3eMHBIX CHCTEM (PyHKIIMOHAIBHOIO JIOMOIHEHSA
(GBAS) Trmna. B craThe anamuzupytoTcsl pe3ynsTaTHl U olleHeHa (aKTHdecKas TOYHOCTH H3MEpEeHHH pealbHBIX
MIOJIEBBIX M3MEPEHUH, B 3aBUCUMOCTH OT BBIOpaHHOTO pelleHHdA. IIpHKTafHBIE PEIIeHUS COAEp)KATHd U3MEpPEHHA B
peasbHOM BpPEMEHH, JBa THIA KOPPEKIIMH, AN CETH ¢ ONHOH 0a3oBOM CTaHIMEH, W OJHY WIHM JIB€ CHCTEMEI
MIO3UITMOHUPOBAHUSA, HMHTETPUPOBaHHBIE JApYr ¢ aApyroM. Metoauka. HayuHo-uccrnenoBaTenbckue H3MEpEHUS
TIPOBOIMJIACH € TOMOIIBI0 MHOTO(YHKIMOHATBHOTO CIyTHHKOBoTo mnosunmonnpoBannust ASG-EUPOS cueteMmsl,
paboTtatomeit B [Tonpine ¢ 2008 roga. 3Ta cCHCTeMa OCHOBaHA Ha CETH Ha3eMHBIX onopHeIX cranimii [HCC, koTopeie
PaCIIpOCTPaHAIOTCS NPUMEPHO PABHOMEPHO IO Beel cTpaHe. I10BEPXHOCTH MCIBITAHUA COCTOUT U3 TOUEK, KOTOPEIE
OBLTH paHee U3MepeHHble CTATHUECKUM METOAOM M X KOOpAMHATHI OBLTH OIpefeNeHbl B JanbHeieill obpaboTke.
B TecTOBBIX M3MEPEHUSIX HCIIOTH30BATICE YETHIPE PA3TUUHBIE YCITyTH, KOTOphIe 00eceunBaoT uddepeHIIHATEHbIE
nonpasku 4depez Hurtepuer. B pe3ynprate mosydenHsie 3D-KoopanHATE TOYEK UCTBITAHUMN, KOTOPBIE W ABJSIIOTCS
IIPeIMETOM JIETaBHOTO aHAW3a ¢ TOUKH 3PEHUS IOTYUEHHOH TOYHOCTH M TOYHOCTH ONpeleNeHHs KOOpAMHAT, Ha
OCHOBE OJTHOTO M3MEPEHHUS, UCIIOTb3Ys BBIOpaHHbIE ycIyrd. PesyabTarsl. Pe3synbTaThl BBHIIOTHEHHBIX H3MEPEHUNU U
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aHATM3 M3MEPEHUN B peXUME PEeabHOTO BPEMEHH, BO-IIEPBBIX, MOKa3ald MPEUMYLIECTBa CETEBBIX IOINPABOK HAJ
MOTIpaBKaMM OT ONMHOW 0a30BOM CTaHIIMH. A BO-BTOPBEIX, OHHM I[IOMOIJIH IIPOAEMOHCTPUPOBATH IMITHPHUECKH
MPEUMYIIECTBO U3MEPEHUH, C/IETAHHEIX HA OCHOBE JIBYX CHCTEM IO3UIIMOHUPOBAHUS IO OTHOIIEHUIO K U3MEPEHUIO C
MIOMOLIBIO BCEro JIMIIL ONHOM cucTeMbl. HoOBBIA acmekT 3Tod paboTHl 3aKMOYaeTcsi B OAHOBPEMEHHOM
WCIIONb30BAHUN B pexXUMe peajbHOro BpeMeHH wusMepeHuil mnompaBok GPS u [JIOHACC cnyTHHKOB.
MpakTyeckasi 3HAYUMOCTB. TeKyIllee COCTOSHUE MPOJBIKEHNS TEXHOJIOTHH CITyTHUKOBBIX W3MEPEHUH, BBHIIOJ-
HEHHBIX B PEKUME PEATTBHOTO BPEMEHH, TTO3BOJISIET OMPENETUTh KOOPAMHATEI C PA3HON TOYHOCTBIO, ¢ TOYHOCTBIO HA
YPOBHE CaHTUMETPOB B JICIIUMETPOBON TOUHOCTU. TUN HU3MepeHHsl 000pyn0BaHUs, UCIOIb3yEMOrO B 3TOM Cilydae,
HTpAaeT BaXHY!O poib. Ha OCHOBE MPOBENEHHOTO JKCIEPUMEHTA PEKOMEHIYETCS HCIIONB3OBATH JBA CHCTEMHBIX
MIPHEMHHKH, YTOOBI TAPAHTHPOBATH BEICOKYIO TOYHOCTH H3MEPEHUH H YBEPEHHOCTE B PE3YyJIbTATAX.
Kmouesvie cnrosa: RTK / RTN GNSS; GBAS; To4HOCTE; TOYHOCTH KOOPIMHAT TOUEK.
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