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ABSTRACT

The integration of ASG-EUPOS network with the national first order networks was prepared
in two measurement campaigns carried out in 2008 and 2010/2011. The measurements
included a total of 340 points of POLREF — the first order national GNSS network. That set of
data gives the possibility for comparison of solutions prepared for comprehensive analysis of
the points’ position and coordinates changes in the long term. Because the results of POLREF
were not published the paper includes a brief description of campaigns from 1994 and 1995
and prepared solutions as well as the results of coordinates comparison with campaigns 2008
and 2010/2011. For points of significant deviations in coordinates the analysis of causes was
presented.
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INTRODUCTION

The history of Polish national first-order GNSS geodetic networks began in 1992. In that year,
11 points of the Polish part of EUREF were established and measured in the EUREF-POL 92
campaign. The campaign and its results were reported on the EUREF 1994 conference held in
Warsaw 8-11 June 1994 (Zielinski et al. 1994). At the same conference Polish EUREF points
were accepted as the points of class B, defined as the points with the accuracy about 1 cm at
the epoch of observation (see Resolution no 1). The next step in development of national
GNSS geodetic network in Poland was the foundation of the POLREF network. The POLREF
was established as the densification of EUREF-POL. It consists of 348 points steadily
distributed on the territory of country in a way that the average distance between
neighbouring points was about 30km. The measurement campaigns were carried out in 1994
and 1995. In 2008 the ASG-EUPOS permanent network was established as the Polish part of
EUPOS network. The necessity of integration of new stations with existing national geodetic
networks provoked the measurement campaigns carried out in years 2008 and 2010/2011. The
measurements and the results were presented at national and international conferences and
published (Jaworski et al., 2008, Jaworski et al., 2011a, Jaworski et al., 2011b). During these
campaigns the most of POLREF points were re-measured.
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POLREF NETWORK

The POLREF — Polish national geodetic reference network was established as a first, uniform,
three-dimensional (horizontal and vertical) GNSS network covering the whole country. It
consisted of 348 main points and 348 direction points. The EUREF-POL points were
measured during the campaigns and were taken as a reference points for computation.

Due to the size of the project, measured using the GPS technique, and data processing for
the POLREF network all work on this object has been divided into three parts and carried out
in three observational campaigns:

The first campaign (POLREF-SE) for south-eastern part of Poland was performed within
the period 10-27 July 1994. It consisted of 103 main POLREF points, 103 direction points
and 4 EUREF-POL points.

The second one (POLREF-NE) covered the area north-eastern part of Poland and was
performed in the period 17-27 October 1994. It consisted of 75 main POLREF points (8 of
them were common with the first campaign), 67 direction points (measured only for new
main points) and 3 EUREF-POL points.

The third campaign (POLREF-W) covered the western part of Poland and was performed
within the period 24 April-25 May 1995. It consisted of 197 main POLREF points (19 of
them were common with the POLREF-SE and POLREF-NE campaigns), 178 direction points
(measured only for new main points) and 4 EUREF-POL points.

The POLREF-SE and POLREF-NE campaigns were managed by Space Research Centre
and POLREF-W campaign was managed by Institute of Geodesy and Cartography from
Warsaw. The coverages of campaigns are shown in Figure 1.
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Fig. 1. The coverage of POLREF-SE, POLREF-NE and POLREF-W campaigns.
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In order to ensure uniformity throughout the POLREF network, for all three campaigns
the same criteria were adopted for the measurement method and also for the different types of
GPS receivers used for each type of points:

for the EUREF-POL points the observations were made using Turbo-Rogue or Trimble
4000SSE receiver. The observation were almost permanent (short break for record of data) for
points located in the areas of observatories, or in sessions of 10 to 12 hours per day for the
rest points. These sessions should cover the observation sessions, designed for measurements
at POLREF points located in neighbourhood.

For the POLREF points in at least two sessions of the minimum 3.5 hours each,
observations were made using Leica Wild-type series 200 receivers,

For directional points observations were made in at least two sessions for at least 45
minutes each, using the same type of receivers.

All campaigns were computed in Space Research Centre. The final solution was prepared
as joint data processing in reference to 11 EUREF-POL points.

The POLREF network solution was carried out in two steps. The first one — preliminary
processing was prepared using TRIMVEC-PLUS software (the commercial software prepared
by Trimble) for calculating the approximate coordinates of points. That commercial software
allowed processing of data from different receivers using the RINEX data format. The second
step of data processing was performed using Bernese GPS Software version 3.5 created in
University of Bern (Rothacher et. al 1993).

The computations were carried out according to following procedure:

L3 —ionosphere free linear combination for phase observation computations,

introducing the fixed L1 and L2 ambiguities computed using two step approach L5 linear
combination (wide-lane) and L3 linear combination (iono-free)

introducing the ionosphere regional model for each measurement session,

introducing the troposphere parameters for each session for point,

combined IGS final orbit together with IGS Earth Rotation Parameters,

reference frame — ITRF-93 rotated to observation epoch for computation and EUREF-89
for final coordinates. The individual campaigns were processed in actual realization of the
ITRF reference frame at mean epoch of each campaign (ITRF-92 for POLREF-SE and
POLREF-NE campaigns and ITRF-93 for POLREF-W campaign).

combination of solutions for the eastern and western parts of programs COMPAR and
ADDNEQ

The baselines formed the structure of triangles where they combined nearest neighbour
points measured simultaneously in the session. The definition of the baseline network is
presented in Figure 2.
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Fig. 2. Baselines definition adopted for processing of POLREF campaigns. The individual
measurement daily sessions were marked by different colors.

In order to assess the real accuracy of the obtained coordinates the differences of
coordinates of common points located at the edges of independently processed parts — east
and west were analysed. The analyses of obtained results allow to determine the accuracy of
the solution below 1 cm for horizontal components, with the worst case for point:

4503 Piotrowice: 3.5cm for E component;

and 1 cm for vertical component, with the worst case for points:
0502 Rolow Wierch: 6cm
3501 Zieleniec: Scm.

ASG-EUPOS INTEGRATION CAMPAIGNS

The integration of the ASG-EUPOS stations was divided into two campaigns: the first was
carried out in 2008 and the second one in 2010 and 2011.

All computations were carried out in Bernese GPS Software ver. 5.0. The computations
were carried out according to the procedure recommended in guidelines C. Bruyninx et. al
(2010) for:

reference frame - ITRF2005 rotated to observation epoch,

L3 —ionosphere free linear combination for phase observation computations,

introducing the fixed L1 and L2 ambiguities resolved from QIF strategy for baseline
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The measurements as well as data computations and results of campaigns 2008 and
2010/2011 were accordingly described in (Jaworski et al., 2008) and in (Jaworski et al.,

14° 15° 16° 17° 18° 19° 20° 21° 22° 23" 24 25°
- 2
{ A )
55° 55
~ 5301 L
s201 71N [
A 5403 s601 sp1
! L 5203 e 7 5701 z
b ” sq07 * £ ) 2
54° | eas T oo 5306 i 5401 s 5604 o 54
Gamvr [ 4101 20T 4202 g ‘ |
—. 4003 caaoh ag2 + A § L 4901
2 | {104 218y "42.05 i i e T4 args i il i
18 N g = 4407 477
2 . b 4603
doos A7 |y 4200 7 asps 4806
o 4007 ) :
53°[ | M7 Wy 10 1y 20 g 53
301 3201 .
3202 3602 3709 4
3103 3506 3808
3603 :
3204 . 7302 4 a0 BT
198 B P PR
° 2807 ]
52 2101 * 0o sage o W 52
2501 291
i ! 2502 2803
2002 % pi04 15 2793 7 ¥
" 2504 26p5
2107 2005
A % © 2506 <erpr
51° " 210 22072208 tan ) 2609 : %0 28 51°
10‘01 .
1202 140 1601
S P ; 19p3
5 1795
1604 4 # 1805
7
ot ; 1406 " 1706 .
. 1509
50 1309 0401 % 50
§ p. opt |+ 0793
{ 05p1 08p3
074
04p4 08p4
o8ps
49° 49°
15° 16° 17° 18° 19° 20° 21° 22° 23’ 24°

Fig. 3. The location of POLREF points measured during the 2008 campaign (blue).

The original solution of the 2008 campaign was prepared according to assumptions
different than those adopted for the campaign of 2010. For joint solution of data from 2008
and 2010/2011 campaigns, the data from the 2008 campaign was recomputed, according to
the parameters adopted for the 2010/2011 campaign with unchanged baseline definition.

The 2008 campaign was carried out from 23.04.2008 till 11.05.2008. Total field points, by
the amount of 151 measured during the campaign, include 102 POLREF points. Their
location was presented in Figure 3.

The 2010/2011 campaign was made from 12.10.2010 till 04.04.2011. It was divided into
three parts: autumn, winter and spring. The second measurement, of 481 field points, include
242 POLREEF points. Their location was presented in Figure 4.

Because some of POLREF points appeared to be moved, they were renewed before the
2010/2011 campaign was carried out. The analyses of their coordinates changes are described
in chapter: Analyses.
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Fig. 4. The location of POLREF points measured during the 2010/2011 campaign (blue).

METHOD OF COMPARISON

The basic problem that arises during comparing the GPS network solutions from different
periods, occurs due to the variability in time the points’ coordinates and using the various
implementations of geocentric systems. An additional difficulty is the lack of real velocities
of field points measured periodically. Models of tectonic plates” movement (eg NUVEL 1A)
used for points of not known velocities do not include the vertical component but only the
mutual rotation and horizontal shift of tectonic plates. As a result of that method of reduction,
for the distant measurement periods, we get the big differences of coordinates. In the
following study to compare coordinates, the seven-parameter conformal space transformation
was used assuming, that the effects of drift of tectonic plates will be included in the
parameters of the transformation (rotation and shift of systems). Changes in the location of
points resulting from local or regional movements (eg uplift of the Scandinavian Peninsula)
show up as differences in the common points.

For transformation the POLREF points’ coordinates in two different reference frame were
used. For final results of three POLREF campaigns the coordinates in EUREF’89 were used
when for ASG-EUPOS campaigns respectively the coordinates in ITRF 2005 reference frame
were applied.

For the 2008 campaign in transformation all 102 points were used. The mean errors of
transformation between the catalogue coordinates and the new ones have taken the following
values in the components (NEU) respectively:

N+£6.5mm, E +6.8mm, U+14.4mm

The scale difference of both solutions was 0.0496 x 10 (it means 5 mm/100km).
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The vectors of differences in horizontal components and height are presented in Figures 5
and 6 respectively.

For 2010/2011 campaign from 242 points in transformation 17 points were excluded for
the following reasons:

4 points were the new eccentric points of existing POLREF points.

10 renewed POLREF points. In this case, after renewing the horizontal position of marker
should be restored while the height of marker has been lost.

Point 1602 was measured two times. After autumn part of campaign it appeared that
marker was moved so it was renewed and re-measured.

During the preliminary analyses two POLREF points: 2705 and 3305, were excluded from
trans formation because revealed big changes in height since last measurement.

Finally, for 2010/2011 campaign in transformation 225 POLREF points were used. The
mean errors of transformation between the catalogue coordinates and the new ones have taken
the following values in the components (NEU) respectively:

N+£7.6mm, E£8.5mm, U+£14.8mm

The scale difference of both solutions was 0.0539x 107 (it means 5 mm/100km).

The vectors of differences in horizontal components and height are presented in Figures 7
and 8 respectively.

The very similar results obtained from campaigns 2008 and 2010/2011 suggest no
differences between these two solutions.
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coordinates between the final results of three POLREF campaigns and the 2008 campaign.




118

lo.ozs[‘m]

I /Jr,_z : r e m L
49° L //J i \ 49°
18°

AN /
15" 16° 200 217 220 23 24
Fig. 6. The vectors of differences in helght for POLREF points’ coordinates between the
final results of three POLREF campaigns and in the 2008 campaign.




Red VA {
}/’v Yt et ""'\’J\EOW\A\ \
‘ /g S & I8
Ty WA Wi J s SV
/ AN /_/’/
15° 16° 17° 18° 19° 20° 21° 22° 23" 24°

Fig. 7. The vectors of differences in horizontal components for POLREF points’
coordinates between the final results of three POLREF campaigns and the 2010/2011

campaign.

49

119



120

14° 15° 16° 17° 18° 19° 20° 21" 22 23° 24 25°

7
55° ! 55
a2 -

5202 T2 a0 \
i ¥ s
A b sl e i SO W .
54" <A P b - : T 0 54
g/ ‘[ ) i PR e { \ P L
; ¥ i 2
an ‘
b -l T 34| TF il -
+ 4 e '
a ax - o
20 I o T 4 b l
: i ¢ w0 j .
53 + e 210 L :r i W{ i ¥ I 53
l Y o ‘ 1 LI
T 1 S woe L 505
(PRI Al P
-“Jm 40 w55 ; siw
340¢ l
of 3308
w01
: Ve o Lﬁ I i Tlae T L
° 08 °
52 Al g ¥ l o o i - " g 9 52
" \ 4“ oo e l .»L; 2100 ¥ 42
e @ o l s 20 l a o b zs;,i
2 e )
20 P s 2P ¥ % 4 i
+ i ? | , .
230 [ 2?‘&'\ 'y 0 2904,
21bs E 5 v 2 *j"‘ 2 g 2007 ‘ poly t ﬁfl. ?
P ooy P 20 i s |} % .
51 : Vol X - 51
— X —
w I ;‘ g 13 1 l 1804 ,4,4 " g ' 1o0d
w o8 e l o e ! i
L) o s v%:,i + L )
i R 3“! o 4o s s ¥
., 28 T T e b L W 1 )
50 i A Lo e 50
0t . ﬂl’fz
. lq‘u oe0z
0.025(m] i LR
oggs |
s .
49° . 49

15° 16" 17° 18  19° 200 217 22° 23 24
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final results of three POLREF campaigns and the 2010/2011 campaign.

For joint solution of 2008 and 2010/2011 campaigns in transformation 323 POLREF
points were used. According to previously described reasons 17 points measured in the
2010/2011 campaign were excluded. Additionally four points were measured in both
campaigns. The mean errors of transformation between the catalogue coordinates and the new
ones have taken the following values in the components (NEU) respectively:

N+73mm, E+82mm, U=+14.8mm

The scale difference of both solutions was 0.0524x 107 (it means 5 mm/100km).
The vectors of differences in horizontal components and height are presented in Figures 9
and 10 respectively.
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campaigns.

ANALYSES

The residuals obtained for thirteen points of excluded from transformation are presented in
Table 1.
Table 1. The residuals obtained for points excluded from transformation for the 2010/2011

campaign.

INUM| NAME  |FLG| RESIDUALS IN MILLIMETERS | |
| 4311205 IPA| 54 34 311|M|

| 71| 1602 IPA| -132 85 212.6|M|
1471 160Z IPA| 819 -50.1 122|M|
| 98 1905 IPA| 17 47 -38|M|
1103 [2103 IPA| -149 7.0 669|M|
1108 [ 2108 IPA| -36 59 -114|M|

| 158 | 2705 IPA| 80 275 -82.1|M|
1176 | 3002 IPA| -29.1 335 309|M|
1177 | 3003 IPA| 105 -09 264|M|
198 3305 IPA| 23 39 1408|M|
1296 | 4602 IPA| 7.1 -04 -50.7|M|
1300 | 4606 IPA| -230 28 -57|M|
1339 | 5405 IPA| 55 -99 -1933|M|
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Fig. 11. The picture taken at the point 1602. It shows that the marker might be moved.

Presented in Table 1 point numbered as 160Z and 1602 is the cases described in chapter:
Method of comparison. Point described was measured two times during the 2010/2011
campaign. After the first measurement (autumn part of campaign) the results of computation
and pictures taken at the point (see Figure 11) suggested that the marker was moved. Then it
was renewed and re-measured. It got two different numbers for computation process: 160Z —
for the first measurements and 1602 — for re-measurements. The residuals of horizontal
components show that truly the marker was moved. The big value of vertical and small values
for horizontal residuals for the renewed marker show that it was precisely renewed, but of
course it was impossible to preserve the previous height.

In case of point 3002 the differences in horizontal components are big. Unfortunately that
point is located within the flood plain area. Because of the problems with proper renewing
and possible instability of coordinates in time it was suggested that it should be rejected from
POLREF - the first order GNSS national network.

The remaining renewed points show good agreement in horizontal components with
catalogue coordinates.

The point 3305 has been excluded from transformation due to the large difference in
vertical component suggesting coarse error. The basis for this conclusion might be no change
in the horizontal components. The review of point coordinates determination made in 1995
campaign, showed that result of a height calculation using GPS data was consistent with the
result of levelling. This check practically excluded the possibility of antenna height
measurement error in 1995 year. The results of two independent observation sessions have
shown no error in antenna height measurements in 2010/2011 campaign. In order to find the
cause of this difference re-levelling of this point would have had to be done. If the results
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confirm the change in height of marker, it will mean changing the physical location of the
point.

A different situation is with the POLREF point number 2705 which was excluded from
the transformation. It is located at the edge of the young forest (see photo in Figure 12) and
the horizon for GNSS measurements has been considerably obstructed. Despite the
theoretically correct results of coordinates computation for the 2010/2011 campaign, they
may be distorted by the lack of observation of almost a half of the horizon. Additionally, due
to its location in the line of trees, the marker can also be shifted by roots of growing trees.
Also in this case it would be advisable to check the height of the point using the levelling.

Fig. 12. The picture taken at the point 2705. It shows that the horizon is obstructed
strongly by the forest.

CONCLUSIONS

Re-measurement of most POLREF network points allows to validate the accuracy and
stability of their coordinates in a long time. It was found that despite the passage of several
years after the appointment of POLREF network, catalogue coordinates still show very high
accuracy. However, some points require a renewing, and other points in the network suggest a
change in the position. Due to those reasons re-measurement and new computation of network
points was advisable.

Unfortunately, for financial reasons, both campaigns lacked re-designating the height of
POLREF points using geometric levelling. In many cases it would be used to verify
suspicions of moving the marker. This is a very important element, which again would
involve the geometric determination of the GNSS measurements with heights obtained from
levelling. Its absence in many cases leads to doubting whether the new information from the
GNSS measurements shall be compatible with old references heights from levelling.
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