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Abstract: To prepare the mobile application for the ongoing
update of the control network, it is necessary to define
detailed procedures for dealing with the points database.
These procedures concern the determination of the metho-
dology of making an inventory of the existing database
and then the determination of the rules for updating the
control network using the developed application. This part
describes a practical verification of Metrica for collecting
control points data and showing specific cases in the col-
lection and sharing of such data. There were created field
inspections using nine different criteria on the set of
selected points. Analysis shows that a large part of the
points need to be reviewed once again, and its description
needs to be updated.

Keywords: Android applications, java, geodetic (sur-
veying) technologies, geodetic control network, vertical
control points, benchmark

1 Introduction

Land survey results largely depend on the control net-
work’s accuracy and measurement technique. Although
most of the work is referred to global navigation satellite
systems (GNSS) permanent stations, the ground control
points are still in use (Lewinska et al. 2021; Chwedczuk
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et al. 2022). Especially, for the height measurements, when
accuracy is a crucial aspect (Lewifiska and Gata$ 2021). A
geodetic control network, both horizontal and vertical, is
“the wire-frame or the skeleton on which continuous and
consistent mapping,” Geographic Information Systems, land
surveys, and other geodetic activities are based (Rabah et al.
2016; Apollo and Andreychouk 2020). The traditional ground
points of the control network are established “as permanent
physical monuments placed in the ground and precisely
marked, located, and documented” (Rabah et al. 2016). It
might also be useful in other aspects like cadastre, tourism,
or geology for gathering data regarding points (Ilyushina
et al. 2018; Sodango et al. 2021). Their location depends on
many factors, such as legal requirements (MAiD 2012), relia-
bility, geometrical strength, and cost of establishment into a
field (Bielecka et al. 2014). In Poland, the control network
is divided into accuracy classes: the first and second
belong to the state, and the third class belongs to local
authorities (counties). Research shows that the third class
points may lose 50% of the initial number within approxi-
mately 15 years after their establishment (Wolski and
Granek 2020). Mostly because of marker destruction, but
other factors are also available, e.g., its subsidence might
change the actual coordinates over the geodetic network
tolerance. The situation is better in the case of the vertical
network. Its points are located mainly on buildings, but
even those on the ground are more durable and sturdy
than the horizontal ones (Borowski et al. 2017), so in the
approximately same period they will lose about 23% of
points (Graszka et al. 2016). The documentation of the
geodetic control network has to follow such changes,
i.e., the point record in the geodetic database has to be
corrected if necessary. Especially, among the common
(“daily”) surveys, there are works when a whole county
database may be needed, e.g., conversion of geodetic data
from local (or unactual) vertical and horizontal frames into
national ones (Swietofi 2013; Borowski and Banasik 2020;
Banasik and Borowski 2022), developing a local geoid/
quasi-geoid model (Banasik et al. 2020), control measure-
ments of geodetic network (Kuhar et al. 2021; Cekada et al.

8 Open Access. © 2023 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International

License.


https://doi.org/10.1515/jogs-2022-0147
mailto:maciuk@agh.edu.pl

2 —— Anna Przewiezlikowska et al.

2022; Dardanelli and Maltese 2022), or planning a new
control network.

Our study follows such needs. The proposed Metrica
application is a tool for gathering data about the changes in
geodetic control networks, both vertical and horizontal ones.
The work was divided into two parts. The first one presented
the idea of the application, motivation, assumptions, and
issues related to collecting data. The second one presents
the results of the field test—a verification of the geodetic
control network in the Krakow area (Figure 1).

We have compared four different types of the areas -
city centre (CC), city centre outskirts (CCO), towns (T),
and rural areas (RA), depending on their population den-
sity. The control points selected for the analysis, located
in the strict CC, are within the limits of the CC and CCO
point location zones, which have been determined by
circles with a given diameter (Figure 2):

— CC-0-3km (marked in red)
— CCO -3-5km (marked in yellow)

where starting point is in the centre of the Main Square.

2 Materials and methods

Having defined the research areas and selected the con-
trol points for direct analysis, the control network was
verified in the field. This was a particularly important
stage of the procedure, necessary for its correct analysis.
The field inspection included the analysis of information
about each point according to the nine previously (in the
first part) defined criteria (Table 1):
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1. Existence of the control point in the Head Office of

Geodesy and Cartography (HOGC) database

Accessibility of the point for inspection

. Occurrence of the point in the field

. Existence of topographic description of the point

. Consistency of the point location with the graphic part
of the topographic description

6. Consistency of the B and L coordinates with the actual

location of the point in the field

7. Possibility of performing surveys on the point

. The point has been built-up

9. The point has been destroyed

RNV

oo

These criteria were analysed for each of the points in
an appropriate order, resulting from the planned proce-
dure (Figure 7, Part I). The result of the conducted field
inspection is the collected information presented in frag-
ments in exemplary.

A total of 153 out of 799 points retrieved from HOGC were
analysed. They were located in separate areas according to
the adopted criteria. The summary of the number of analysed
points is contained in Table 2, and in the form of a column
chart as percentage values in Figure 3.

When summarizing the obtained results regarding
the occurrence of points in the field in individual point
location zones the following are the conclusions:

— existing points were found in the CC zone,

— non-existent points were in the T zone,

— inaccessible (hard-to-reach) points were located in the
RA zone.

Comparing the area of the city zone divided into the
CC and the CCO, a large discrepancy in the number of

Legend:
— Gity Centre
Gity Centre Outskirts

[ Gity (Krakow)
[ Town - T
[ Rural Area - RA

B Matopolskie Province

Figure 1: The selected area of control network points field test in Matopolskie Province.



DE GRUYTER

Metrica — for geodetic control network points. Part Il: practical verification

— 3

Legend:

Vertical control point
City Centre Outskirts (3-5km)
<«—> City Centre (0-3km)

[ City (Krakow)
[JTown-T
[J Rural Area - RA

Figure 2: Presentation of selected control points in selected types of locations.

inaccessible points should be noted. In the case of the
CCO, this number reaches 13.2% and is much higher than
the number of points inaccessible for analysis in the CC
zone, where it is approximately 4.5%. This is because in
the CC, most of the points are located on the main streets
on the front walls of tenement houses, which make them
accessible. Moving towards the CCO zone, an increasing
number of points are located on buildings of single-
family houses, which are often fenced. The same ten-
dency can be noticed in other point location zones,
such as T and RA, where most of the properties belong
to private owners. Fences significantly limit access to
control points, which in the case of vertical control net-
works must frequently be placed on buildings, i.e., on
private land. These statistics would look different for
the horizontal control network, the location of which is
usually chosen outside the private area to increase its
accessibility in the field.

Attention should be paid to the disproportions that
occurred in the T zone. Considering the entire database
for this area, an even distribution between the found and
non-existent points is noticeable (Figure 3). There were
five non-existent points in the T zone database (one was
destroyed, four were not found), which were also marked
in the geoportal as “destroyed points.” They were all

located at the main roads. It can be assumed that this
condition is related to road modernization, during which
points can be easily damaged or destroyed. However,
there are also points that were not found during the field
inspection, and according to the geoportal, they are still
in good condition. Such points from the entire T zone
database are contained in Table 3.

It is also worth mentioning that in addition to the point
analysis conducted by the authors, there was also a parallel
process of control geodetic network review conducted at the
request of Central Center for Geodetic and Cartographic
Documentation (HOGC, GUGIK 2019). The results of this
review are now accessible in the HOGC database.

Despite the fact that the analysis covered Towns,
which are equally intensively developing, significant dif-
ferences can be noticed between them in the mainte-
nance of the control points. In MyS$lenice, 57.1% of the
points were found, which was the majority of accessible
points in this area. However, in Skawina, the statistics
revealed the opposite situation, where 55.6% of the points
were non-existent. This resulted from the unfavourable
location of the control points in the area, which made
them inaccessible. The last group is the RA point location
zone, where most of the points are located on single-family
houses. The effect is that there is the great number of
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Table 2: Results of field inspection conducted for a selected data-
base of points

Zone type Number of points
Adopted Founded Not-existing Inaccessible
CcC 44 31 11 2
cco 53 31 15 7
T 23 10 10 3
RA 33 13 15 5
Total 153 85 51 17

inaccessible points compared to other types of areas. The
analysis demonstrated that only 33.3% of the points found
could be used for surveys.

75% 70.5%

0% 58.5%
° 55.6%
45%

30%

15%

0%
FOUND IN THE FIELD

Metrica — for geodetic control network points. Part Il: practical verification
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The next stage of the analysis concerned only those
points that were found in the field. The diagram pre-
sented in Figure 7 (Part I) illustrates the analysis of the
remaining features of the points concerning:

— their fitness to perform surveys,

— their damage,

— consistency of their location with the presentation in
the graphic part of topographic descriptions,

— consistency of their location with the location indi-
cated by the B, L coordinates.

Considering the condition of the points found for the
entire test database consisting of 153 points, it could be
noticed that the location of all of them was consistent
with the graphic part of topographic descriptions

m City Centre

M City Centre Outskirts
Towns

M Rural Areas

m Total

45.5%
43.5%

INACCESSIBLE

Figure 3: Comparative results of control point occurrence in various areas (%). Authors’ original contribution.

Table 3: Information about points collected in a field

Point Latitude Longitude Accessible for Does the Address Exist in Condition
number inspection? point exist geoportal according to
in the field? geoportal

17330012 49° 507 02.1” 19°56’11.0”  Yes No Myslenice, Krélowej Yes Good
Jadwigi 5

17310111 49° 58’ 21.0”  19° 48’ 26.1” Yes No Skawina, 11 Yes Good
Pitsudskiego St.

17310117 49° 58" 40.7” 19° 49" 12.3”  Yes No Skawina, 13 Yes Good
Tyniecka St.

17310122 49° 58" 38.2” 19° 49’ 58.0” Yes No Skawina, 19 Yes Good
Krakowska St.

17310212 49° 57 55.0”  19° 49’ 21.8”  Yes No Skawina, 2 Yes Good
Spacerowa St.

17310200 49° 577 28.2”  19° 49’ 35.4”  Yes No Skawina, extension of  Yes Good

Debca St.
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Analysis of the condition of the points from the test database

139

Number of points

Figure 4: Analysis of the condition of points for the test database consisting of 153 points.

(Figure 4). It was found that the surveys were not possible
at 11 points, ten of which were built-up as a result of
renovation works performed, and one was destroyed.
Such a small number of destroyed points is because
they are made of durable material and, as far as possible,
protected by the owners of private facilities.

The results for individual areas are presented as
charts in Figure 5.

The conclusion of the conducted analysis of the data-
base of points of the basic second-order vertical control

Points analysis - City Centre Outskirts

Number of points

20

Number of points

3

network is that the majority of points that are in good
condition are located in the CC zone. Nearly 50% of the
control points that existed in the HOGC database were not
found in the RA or in the T zones. Out of 85 of all found
points, ten were built-up and one was destroyed, i.e., it
was not possible to perform surveys on these points. Most
commonly, it is building owners’ fault, who unknowingly
built-up benchmarks, preventing their proper use. Figure 6
shows an example of a section of the map of the analysed
matrix with the presentation in yellow colour of the matrix

Points analysis - City Centre

44

Number of points.

N
S

Number of points.
5

Figure 5: Analysis of the condition of points in individual areas of the CC zone.
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points that exist in the field and are visible on the Geoportal

. points that do not exist in the field, but are still visible on the Geoportal

Figure 6: Presentation of points non-existent in the field but existing in geoportal.

existing in the field and suitable for measurement. The red
colour shows points identified by the authors during the
inventory as not suitable for measurement for various reasons.

When analysing the reference database, it should be
noted that a large part of the points, as much as 36%,
have imprecise B and L coordinates, which cause discre-
pancy between the position of the points displayed in
Google Earth and the actual status in the field. The pos-
sible reasons for the existence of incorrect point coordi-
nates are described in Banasik et al. (2012). This fact is
summarized in the bar charts in Figure 7, which indicate
a necessity to propose a tool to improve the current state.

The greatest number of identified discrepancies occurs
for the CC point location zone. This may be due to the

200

153

o [
o o

33
o

Number of points

Figure 7: Location consistency with Google Earth for test database.

dense development and high buildings, hindering the
accuracy of the surveys (Figure 8).

For the CCO and T zones, i.e., less built-up areas, the
location of most of the points corresponds to the data
contained in Google Earth. However, for the CC and RA
zones, this discrepancy exceeds 50%. The factors identi-
fied in the presented analysis, resulting in the inability to
use control points correctly, confirm the necessity to
introduce tools that enable their updating on an ongoing
basis. The status of the test point database demonstrates
the constant dynamics of changes that are not recorded
in real time.

The regular transfer of information about the occur-
ring changes by direct users of the control network seems
to be the best form of maintaining a high-quality data-
base. Thus, the solution would be a mobile application on
a mobile device, such as a mobile phone, accessible
directly in the field. An exemplary data update using the
developed Metrica application is presented in Figure 9.

3 Examples of identified
irregularities in the control
network

This part of the research article presents selected exam-
ples relating to the determined criteria of the control
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Figure 8: Consistency of point location in the field with presentation in Google Earth.

network analysis. For specific situations 1-9 that were
encountered, the appropriate A—G procedures may be
applied to update data using the mobile application.
The aim of the A-G procedures is to collect consistent
information about the control network and then its correct

& g GRE{1E]1  Navigate < 16330664
= Latitude 50.0635
Longitude 19.94833333333
Add photo Surveying _
possible
Add topographic Destroyed -
description
Author Administrator
Modification 10.08.2020
Comments
The building of the AZM "Podgorze'
Topographic description
16330030
Address Stradomska
Krakow
Coordinates Approximate ¥
Latitude 50.0635
Longitude 19.94833333333
Surveying -
possible
Destroyed
Author Administrator

Modification 10.08.2020

Figure 9: Data update using the developed Metrica application.

transfer among surveyors, which will result in the update
of the control network on an ongoing basis, together with
the presentation of the current status in real time. The
selected examples relate to the most common criteria in
the analysed control network database, where data update
is required.

3.1 No access to visual inspection of the
point — criterion 2

The analysis of the point database was possible under the
basic conditions: the point was accessible for inspec-
tion — criterion 2 and the point existed in the field — cri-
terion 3. The given example demonstrates a point located
on an unused building in a fenced area (Figure 10). Ver-
ification of information about the point and the possibi-
lity of its surveying are hindered because entering the
area in the absence of the owner is not allowed.

Providing comments on hard-to-reach points makes
it possible to plan surveys in the field more precisely,
which greatly affects the economy of work — procedure
A in the diagram (Figure 7, Part I).
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Figure 10: Photograph of building with inaccessible point.

3.2 Comparison of the point location:
provided by HOGC with the actual status
in the field - criterion 6

When verifying the information on the vertical control points,
the source material included the topographic descriptions of
points — criterion 4, as well as the B, L coordinates retrieved
from HOGC - criterion 6 (Figure 11). These coordinates are
necessary to determine the location of points in the field.
The Google Earth application was used to present the location

GEOS PL v.@1 Bank danych CODGiK
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of the points. The function that can be used by a surveyor in
the control network analysis is based on the location of geo-
detic points. They are added by importing data from a file or
by manually entering the coordinates.

When comparing the position of the points displayed
in Google Earth with the actual status in the field, signifi-
cant discrepancies in the location of 31 points out of 153
were noticed. The figures in Table 4 illustrate several situa-
tions of location discrepancies. It is important to note that
this issue occurs in each of the selected point location
zones. The presentation of the actual location of the point
is marked in red, while its incorrect indication based on
the B, L coordinates retrieved from HOGC is marked in
yellow. The encountered discrepancies reach up to 100 m.

This type of error is very severe. There are many
points of the vertical control network that present the
actual location of the point for which there are no topo-
graphic descriptions. Only the address is given, which
may frequently be insufficient to find a benchmark loca-
tion. Therefore, it is especially important to enter the
location coordinates correctly and at a proper level of
accuracy. The vertical benchmark is only used for height
measurements, so it is sufficient that the horizontal coor-
dinates are determined with an accuracy of single meter.
Therefore, the observation stored by mobile phone should
meet the requirements, within the root mean square in the
range of 0.2-4.0 m (Skorupa 2019). The obtained accuracy
cannot be called “geodetic,” but in our opinion is good
enough to find benchmark location. Such situation

STRONAL

Centralny O$rodek Dokumentacji Geodezyjnej i Kartograficznej

Wykaz wysokosci.
Wspéirzedne B,L w uktadzie PL-ETRF89-GRS8@
Wysokos¢ normalna  PL-KRON86-NH

Ilos¢ wybranych punktéw: 799

Id punktu Nr Klasa Kod Glowica Stan B L H
Lokalizacja 1965 Stab. punktu ETRF-89 ETRF-89 86
4075019.053573.1e1 16330021 I 920 468 E 50° e5' 34,1" 19° 57" 38,2" 216,3510
KRAKOW,AL.29 LISTOPARAIADUKT KOLEJOWY
4085019.0852572.101 16330023 I 910 B.C. D 50° @5' 22,7" 19° 57" 28,4" 213,6914

KRAKOW,AL.29 LISTOPRDE

o4,BUD.MSZK. JANUSZA SZERLI

4095019.050571.101 16330024 I 860 AA 7991 D 50° @5' 06,4" 19° 57' 16,2" 213,0015
KRAKOW,AL.29 LISTOPADA NR 83,BUD.MSZK.ZOFII BINCZYCKIEJ-TOMASIK

4105019.044565.101 16330025 I 910 B.C. D 5e° e4' 45,1" 19° 56' 56,6" 216,2649
KRAKOW, UL . LANGIEWICZA NR 2,BUD.MSZK.,VIS A VIS STACII BENZYNOWE)

4115019.041563.101 16330027 I 920 125 D 50° @4’ 10,9" 19° 56" 34,8" 216,4825

KRAKOW, UL.WARSZAWSKA NR 8,BUD.ZGROMADZENIA SIOSTR MItOSIERDZIA

Figure 11: Presentation of data relating to B and L coordinates (GUGiK 2022).
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Table 4: Point location discrepancies: indication using B and L coordinates and actual point location in the field

Point location zone/discrepancy Photograph:
incorrect point indication
@ correct point indication

CC/large distance —100 m

T/large distance 80 m,
obstacle - dense development

.\

was presented in the example for criterion 6 (Table 5). The captured values of the B and L coordinates after
According to procedure F (Figure 7, Part I), the coordinates the survey should be entered using the mobile application
were captured from mobile phone GNSS positioning and for updating the information of geodetic network points as
stored in the point documentation. appropriate for the correct location of the control point.
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Table 5: Comparison of point coordinates retrieved from HOGC with
surveys using mobile devices of point 16330023

Coordinate source B L

HOGC

Survey of navigational
coordinates

A 1.7”/52.5m

50° 05’ 22.7"
50° 05’ 21.0”

19° 57’ 28.4”
19° 57’ 28.0”

0.4”/7.9m

3.3 Possibility to perform surveys on a point
against information that the survey
marker is destroyed - criterion 7

By analysing the control network in accordance with cri-
terion 7, it was found that four points had incorrect infor-
mation on the topographic description, informing about
their destruction. The condition of the points was verified
in the field, and an exemplary topographic description is
presented in the photo (Figure 12). The survey marker
is in good condition, it is still possible to measure it,
it is located in the place indicated by the graphic part
of the topographic description.

In such a situation as presented in the example for
criterion 7, erroneous information must be updated. It
should be done by adding a photo of the point and a
new topographic description, measuring new B, L coor-
dinates and providing information about the possibility

Metrica — for geodetic control network points. Part Il: practical verification
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of performing surveys on the point — procedure D in the
diagram (Figure 7, Part I).

3.4 Built-up point - criterion 8

Currently, we often deal with survey markers in theoreti-
cally very good technical conditions that, after being built-
up with insulation, become useless for levelling surveys.
The reason lies in the ignorance of the owners who, wanting
to protect them, are not aware of how surveyors use these
points during surveys (Figure 13). Similar situations were
encountered ten times during the control network analysis.

In the cases presented in the example for criterion 8, a
surveyor using the application should post a photo and assign
the point status as “not fit for surveys.” He or she may also
provide information about the inability to perform surveys on
the point, stating a specific reason for such a situation in the
comments. In the application, the proposed scheme of con-
duct is point E from the scheme (Figure 7, Part I).

3.5 Lack of information about point
destruction — criterion 9

Few destroyed points were identified during the field ver-
ification, which still function as useful for surveys. In the
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Figure 12: Topographic description and photo of the theoretically destroyed point (GUGIK 2022).
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Figure 13: Points built-up in incorrect manner.
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Figure 14: Photographs of the destroyed point — T point location zone.

example illustrated in the photograph (Figure 14), it can
be seen that the survey marker has been destroyed. It is
therefore not possible to perform a survey on this point.

In the case presented for criterion 9, the surveyor
using the application should post a photo showing the
actual point, give it the status of the point “not fit for
surveys/destroyed” and include this information in the
topographic description. In the comments to the point, it
is possible to provide detailed information on the current
situation. In the application, the proposed scheme of con-
duct is point E from the scheme (Figure 7, Part I).

4 Conclusions

Maintaining up-to-date information about the points of
the basic vertical control network is an arduous task due
to the extensive range of locations of these points and the
lack of control over some changes taking place, e.g., on
private properties. Therefore, in the designed Metrica

application, it was decided to solve this problem by
allowing surveyors to introduce changes to the informa-
tion about the point. The database used to design the
application was verified by the authors during a field
inspection. From the analysis of the collected data, con-
clusions were drawn about the condition of the vertical
control points in the selected area. Only 55.6% of the
points were identified in the field, and most of them
were found in the CC point location zone. This was due
to their location in accessible places as well as the fact
that these points were used more frequently and needed
to be kept in good condition. When analysing the data-
base, it was noticed that some data were updated over the
year in the geoportal application, but these were indivi-
dual cases, despite the 2019 review at the request of
HOGC. Control network surveys were conducted and the
location of incorrectly indicated points is now correctly
presented on the map. However, this update process does
not take place in real time, hence the need to use a tool
for the update of the control network on an ongoing
basis. The information contained in the topographic
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descriptions, which sometimes incorrectly suggested that
the point was destroyed, was also considered. Large part
of the analysed points (around 36%) have imprecise coor-
dinates resulting in a discrepancy between the position
of the points displayed in Google Earth and the actual
state in the field. The geodetic coordinates of the points
are in ETRF89 and Google Maps works in WGS84. ETRF89
is nothing more than an implementation of the interna-
tional terrestrial reference frame layout for the 1989
epoch, i.e., for this epoch the layout is compatible with
WGS84. The differences in coordinates do not arise from
the different systems, but from three other aspects: first,
the accuracy of the measurement (code receivers, accu-
racy of a few metres), second, since 1989, these systems,
as dynamic, have been shifted, but this is at most a few
tens of centimetres, several times less than the accuracy
of the measurement. The last aspect is the numerical
accuracy of the displayed and coordinate data, which
can cause such errors. The final result of the work is
the preparation of the Metrica mobile application, which
has been implemented to update the control network.
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