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Abstract. Measuring work using mobile devices is already an established technology in geodetic practice
today. Mobile handheld device are mostly used for surveying and 3D rendering of interior spaces. However,
the subject of this paper will be the area of real estate cadastre. This paper aims to verify the capabilities

of the viDoc RTK rover handheld geodetic device for real estate cadastre purposes. The paper will focus on
surveying activities related to preparing a survey sketch to mark a building on a cadastral map. The actual
accuracy of the survey and the efficiency of the measurement will be analyzed. The aim will be to verify and
analyze the situation on specific data obtained in real terrain during practical measurements. Experimental
measurements will be performed on an atypical object. The results obtained using the viDoc RTK rover will
be compared with the results of a combined GNSS and terrestrial survey using a total station. For survey-
ing work in the real estate cadastre in the Czech Republic, it is necessary to use the mandatory coordinate

reference system S-JTSK.

Keywords: viDoc RTK rover, building, cadastral map, survey sketch, GNSS-RTK, real estate cadastre.

= Corresponding author. E-mail: jadvi.p@gmail.com

1. Introduction

The development of mobile mapping systems and SLAM-
based technologies has significantly influenced modern
geodetic practice, enabling rapid and efficient acquisition of
spatial data. These systems are increasingly used for docu-
menting complex objects, including buildings with irregular
geometries (Sammartano & Spano, 2018; Chen et al., 2018).

However, their application in cadastral surveying re-
mains limited due to strict requirements for positional accu-
racy and the need for standardized representation of build-
ings (Paijitprapaporn et al., 2021). In practice, a wide range
of building types is encountered, differing in shape, size,
and structural complexity. Despite the existence of general
rules for surveying and mapping buildings, inconsistencies
in their representation in cadastral maps are still observed.

These inconsistencies are often caused by subjective
decisions made by surveyors during field measurements
and subsequent data processing, particularly when dealing
with complex building geometries. As a result, discrepan-
cies may arise between the actual shape of a building and

its representation in cadastral documentation. This high-
lights the need for more objective, reliable, and compre-
hensive data acquisition methods (Chen et al.,, 2018).

Mobile mapping technologies, such as the viDoc RTK
rover, offer the potential to capture detailed spatial in-
formation in the form of point clouds, enabling a more
faithful reconstruction of building geometry. Furthermore,
the possibility of processing data in an office environment
reduces the need for complex decision-making directly in
the field and may significantly improve the efficiency of
surveying workflows (Rehak et al., 2025).

However, there is still a lack of studies specifically ad-
dressing the accuracy and practical applicability of hand-
held mobile mapping systems integrated with RTK GNSS
in the context of cadastral surveying.

The aim of this paper is to evaluate the positional ac-
curacy of the viDoc RTK rover and to compare its per-
formance with the conventional terrestrial polar method
based on experimental measurements carried out under
real conditions (Zollini & Marconi, 2025).
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2. Realization of experimental measurement

The test object was the Geological Pavilion of Prof. Posepny
situated in the premises of VSB-TUO. When selecting a
building for the experimental measurements, it was im-
portant to choose an object that would represent a certain
group of buildings in geodetic practice. The aim was to
select an atypical building, with the walls of the building
overlapping the terrain. The term “atypical object” refers
to a building with complex geometry, including overhang-
ing structures and irregular shapes, which may negatively
influence both traditional surveying and photogrammetric
data acquisition. Such buildings are encountered more and
more often. Thus, the Geology Pavilion building, with its
shape, number of points, and complexity of plan, offered
itself as a suitable building for testing.

According to the valid regulations in the area of the
cadastre, the change to be measured must be linked to
the binding coordinate system S-JTSK (Datum of Uniform
Trigonometric Cadastral Network) without exception.
Therefore, for each measurement for the purposes of the
land registry, it is necessary to carry out activities related
to connecting the site to the binding S-JTSK reference sys-
tem (Stankova & Cernota, 2012).

The application of measurement work with handheld
devices in general is not usually associated with referenc-
ing a binding coordinate system. In most cases, we make do
with the results in the local coordinate system of the device.
However, if we were to consider the possibilities of using this
technology for cadastral purposes, the reliable connection
of the resulting point cloud would be one of the core tasks
of the whole workflow. The test object is shown in Figure 1.

Figure 1. Test object — geological pavilion of Prof. Posepny

Based on the above, a workflow for the field measure-
ment work was proposed. The workflow was chosen in
such a way that its widespread implementation could be
considered regardless of the specifics of the site of inter-
est. Other requirements for the workflow include simplicity
and clarity for any surveyor with previous experience in
land registration (Popov, 2019).

As part of the Geology Pavilion test measurements, the
paper was extended to test a pair of ground control point
types. Black and white ground control points, designated as
Type B, and red and white Type A ground control points were
acquired. An example of the ground control points is shown
in Figure 2.

The ground control points were evenly spaced in the vi-
cinity of the object according to the general geometric prin-
ciples in geodesy. The coordinates of the individual points
were determined twice independently by GNSS technology
using the RTK method. The GNSS equipment chosen for the
measurements was a Leica GS18 T receiver and a Leica CS20
controller (Hofmann-Wellenhof et al.,, 2008).

The test measurement was carried out with the viDoc
RTK rover mobile device. The advantages of this system,
in particular the linking of the acquired data to a bind-
ing reference system in real time using the RTK method.
This fact could significantly contribute to and streamline
activities related to scanning objects for the purposes of
the real estate cadastre. The actual implementation of the
surveying work consists of preparing the entire scanning
system before the measurement. It is necessary to physi-
cally connect the viDoc RTK rover to the iPhone 14 mobile
device using the SP connector and connect it wirelessly via
Bluetooth technology. Since this is a GNSS device which
allows the reception of RTK corrections in real time, similar
to a regular GNSS receiver in geodetic practice, it is neces-
sary to ensure mobile data services via a data SIM card.
The reception of corrections is ensured using the NTRIP
service linked to the network solution of permanent refer-
ence stations CZEPOS. The field measurement workflow
included the following steps, illustrated in Figure 3.

Terrain data were captured using mobile photogram-
metry combined with the viDoc RTK rover. According to
the manufacturer, the device provides a practical abso-
lute accuracy of approximately 5 cm in 3D models, while
supporting multi-constellation GNSS (GPS, GLONASS,
BeiDou, Galileo) and compact dimensions (153 x 72 x
19 mm, 242 g), making it suitable for rapid and reliable

Figure 2. Type of ground control points



field measurements. GNSS antenna provides theoretical
position accuracy of up to 1 cm + 1 ppm and height ac-
curacy of 1 cm + 1 ppm (Plesnik et al., 2023).

| Terrain reconnaissance ‘

!

| Layout of control points ’

| GNSS surveying of control points ‘

| Total station surveying ‘

| Surveying with viDoc RTK rover ‘

Data processing
Evaluation of results

Figure 3. Field measurement workflow

The measuring process in the field consists of launch-
ing the application, where it is possible to select image
capture intervals as part of the measurement parameter
settings. Setting these parameters is very important and
it is advisable to pay sufficient attention to it. The set val-
ues of these parameters will ultimately determine how
often the device will take images, thus directly affecting
the number of images taken and, in essence, the time re-
quired for subsequent processing. If we set, for example,
a distance of 30 cm and an angle of 20°, this will result
in an image being taken and fixed when the position
changes by 30 cm or the inclination of the device by 20°.
The parameter settings must be balanced with respect to
the expected or required accuracy, quality, and density of
the resulting data. Of course, it is also necessary to take
into account that the set parameters ensure a reliable
solution and evaluation of the measured data based on
photogrammetric principles. Therefore, it is necessary to
set a sufficient image overlap. During test measurements,
scanning was performed with various configurations of the
above parameters.

Based on initial test measurements, it was determined
that the optimal configuration in the case of using the
results for the purposes of the real estate cadastre could
be around 20 to 40 cm in the distance parameter and
20° to 30° angular changes. With these parameters, there
was usually no problem with data evaluation, the amount
of acquired data was adequate, and the resulting models
were of sufficient quality. With lower values, it was nec-
essary to process an unnecessarily large amount of data,
which did not significantly affect the quality of the results.
On the contrary, if the aforementioned parameters were
increased, it may happen that the measured data will be
insufficient and will not cover the resulting 3D models or
point clouds in sufficient quality (Labant & Weiss, 2012).

This technology has the potential to perform mea-
surements and geolocation of images without the need
to use fitting points. Nevertheless, fitting points were used
in the test measurements. The scanning time is directly
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dependent on the size of the object, the complexity of the
object and the walking speed. In the case of this object,
the scan time was between 2 and 3 minutes. It should be
noted that in processing the results so far, it was found
that there was no need to purposely slow down the walk-
ing. This time is incomparable to the time of a classical
terrestrial measurement, where for this more complex ob-
ject it was necessary to select five stations and the whole
measurement process, including connection to the binding
reference system S-JTSK, amounted to two hours.

The 30 x 30 cm checkerboard ground control points
are commonly used in aerial photogrammetry in the ap-
plication of unmanned aerial vehicle technology and as
ground control points in measuring with viDoc RTK rover.
Ground control points are made of hardened plastic in
black and white. As it is necessary to stabilize the points
so that the same position of the control target is ensured
throughout the measurement period, partial adjustment
and addition of the purchased ground control points was
started. The lower part of the threading point was supple-
mented with a cylinder-shaped preparation into which a
threaded hole was made. A steel mandrel is screwed into
this hole, which will enable a reliable and stable securing
of the ground control point in the field during the entire
scanning period, including its subsequent targeting by the
GNSS-RTK receiver. The fixtures used to anchor the inser-
tion points to the terrain were designed and manufactured
on a 3D printer directly at the Department of Geodesy and
Mining Surveying in Ostrava. An example of the solution
can be seen in Figure 4.

Figure 4. Ground control points — technical solution and
GNSS measurements

When working with the device, it is necessary to adapt
the measuring trajectory to the object to be measurer, tak-
ing into account the theoretical range of the handheld de-
vice. According to the technical parameters and based on
personal experience with the viDoc RTK rover we can state
that the real reliable usable range of the handheld scan-
ner is around 50 meters. These facts must be taken into
account not only in the scanning process, but especially
in the activities related to the placement of the ground
control points. During the entire measurement campaign,
the GNSS solution remained in “Fixed” mode for 100% of
the observation time, ensuring centimetre-level position-
ing accuracy. It should be noted that the accuracy of the
viDoc RTK rover is influenced by environmental conditions,
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particularly GNSS signal quality and sky visibility (Mikolas
et al., 2013).

It is therefore highly desirable to carefully consider the
positions and placement of the ground control points not
only in relation to the object to be measured but also
to the planned measuring route (Suziedelyté-Visockieng,
2012). The measurement must be done in such a way
that the resulting point cloud contains the measured
object, including all the ground control points (Annok
et al,, 2021). Working with viDoc RTK rover can be seen
in Figure 5.

Figure 5. Measuring process in the field with viDoc RTK
rover

Figure 6 shows the number and location of the auxil-
iary points of the measurement network from which the
reference terrestrial orientation was carried out using the
polar method, which documents the time-consuming na-
ture of the classical procedure. Furthermore, the approxi-
mate trajectory using a handheld scanner and the spa-
tial relationship between the chosen scan trajectory, the
ground control points and the object of measurement are
indicated.
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Figure 6. Situational plan
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The tested objects were also targeted by commonly
established procedures in the field of real estate cadastre.
Individual points on the perimeter of the building were
focused using the terrestrial polar method, which is well-
established in the literature (Ghilani, 2017). The terrestrial
survey served as a reference measurement for subsequent
evaluation and analysis of the accuracy of the procedures
used.

To evaluate the performance of the ViDoc RTK rover
in comparison with the terrestrial polar method, several
evaluation metrics were defined. The assessment is based
on coordinate differences between the reference measure-
ments and the results obtained using the ViDoc RTK rover,
expressed as Ax and Ay. The measurement accuracy was
evaluated using standard deviations where o, and o, rep-
resent standard deviations in individual coordinate com-
ponents, o, is the combined positional standard devia-
tion, and op expresses the planar positional deviation. The
positional accuracy is quantified using mean coordinate
errors and Root Mean Square Errors (RMSE) in individual
coordinate components. A combined positional error is
subsequently derived to express the overall planar accu-
racy. These metrics are commonly used in geodetic prac-
tice and enable an objective comparison between different
measurement methods in terms of positional accuracy and
reliability.

3. Processing of measured data

A key step towards the successful use of the measured
data for cadastral purposes will be the georeferencing of
the 3D point cloud into the S-JTSK binding reference sys-
tem. If this computational step could not be implemented
for some reason, it would completely preclude the use of
this measurement for making a geometric plan. The trans-
formation of the 3D point cloud is carried out by means
of ground control points located e.g., by GNSS technology
(Suziedelyté-Visockiené & Brucas, 2012). The processing
of the measured data including the transformation was
performed with the Pix4D mapper software (Mudicka &
Kapica, 2023). After successful transformation of the 3D
point cloud, the coordinates from the 3D point cloud were
offset in Leica Infinity. An example of measured data pro-
cessing is shown in the Figure 7.

4. Results

The results are evaluated using the metrics defined in the
previous section. The results of the experimental measure-
ments are summarized in Tables 1-2 below. A total of 24
points were tested, with the majority of points consisting
of atypical building overhangs above the ground. Terrestri-
al surveying was carried out from four sites, with the time
required for terrestrial surveying being approximately 2
hours of measurement time. Scanning with the viDoc RTK
rover took approximately 3 minutes, the processing pro-
cess took less than 13 minutes and 580 images were pro-
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Figure 7. Point cloud in Leica Infinity

cessed. Georeferencing to the binding reference system
was successful, the transformation accuracy was favorable
the spatial mean transformation error reached 0.024 m.

To compare the coordinates of the selection of detailed
points, the coordinate differences are calculated, where y,,
and x,, are the resulting coordinates of the detailed point
determined by the terrestrial polar method and y, x; are
the coordinates of the same point as the results of the
above-described procedure of determining these points
by viDoc RTK rover. The mean sampling coordinate error
RMSE,,, is calculated as the quadratic mean of the mean
coordinate errors RMSEx, RMSEy, which are determined
from the following formulas. The Root Mean Square Er-
rors in the X and Y directions were calculated using stan-
dard formulas. In addition to RMSE, the standard devia-
tions in the individual coordinate components (c,, o)) and
the combined standard deviation (c,,) were calculated to
further assess the positional accuracy (e.g., Mikhail et al.,
2001).
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In relation is N equal to the number of points in the
selection and k is equal to 2 if the control determination
has the same accuracy as the position measurement, or is
equal to if the control measurement has a higher accuracy.
Dy =y,, - yx and Dx = x,, - x; are the deviations, the co-
ordinate differences between the terrestrially determined
coordinates and the coordinates that were determined by
laser scanning technology. The sampling mean coordinate
error reached m,, = 0.028 m in the case of viDoc RTK rover
measurements.

The correlation coefficient was r = 0.3, indicating a
weak positive correlation between the coordinate compo-
nents. However, for cadastral applications, the decisive cri-
terion is the magnitude of positional deviations and their
compliance with the required accuracy standards. In this
context, the achieved coordinate differences meet the ac-
curacy requirements for cadastral surveying (Jirousek et al.,
2014).

Figure 8 illustrates the graphical representation of the
deviation vectors between the viDoc RTK rover and ter-
restrial measurements. The vectors indicate both the mag-
nitude and direction of positional differences at individual
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Table 1. Results achieved viDoc RTK rover

Test object — Geological pavilion of Prof. Posepny
viDoc RTK rover Terestricky Diferences
Point number
y [m] x [m] y [m] x [m] Ay [m] Ax [m] Ap [m]
1 479137.50 1101213.28 479137.50 1101213.26 0.00 -0.02 0.02
2 479150.72 1101206.68 479150.70 1101206.71 -0.02 0.03 0.03
3 479151.52 1101208.36 479151.48 1101208.36 -0.04 0.00 0.04
4 479155.85 1101206.23 479155.80 1101206.23 -0.05 0.00 0.05
5 479154.99 1101204.62 479154.99 1101204.61 0.00 -0.01 0.01
6 479168.21 1101198.11 479168.16 1101198.11 -0.05 0.00 0.05
7 479174.81 1101211.56 479174.85 1101211.58 0.04 0.02 0.05
8 479173.45 1101212.30 479173.46 1101212.28 0.01 -0.02 0.02
9 479175.50 1101216.48 479175.55 1101216.51 0.05 0.03 0.06
10 479176.97 1101215.79 479177.00 1101215.84 0.03 0.05 0.06
11 479183.68 1101229.32 479183.64 1101229.31 -0.04 -0.01 0.04
12 479170.46 1101235.84 479170.44 1101235.87 -0.02 0.03 0.04
13 479169.66 1101234.21 479169.69 1101234.25 0.03 0.04 0.05
14 479165.37 1101236.30 479165.37 1101236.36 0.00 0.06 0.06
15 479166.19 1101237.96 479166.20 1101238.00 0.01 0.04 0.04
16 479153.00 1101244.52 479153.01 1101244.51 0.01 -0.01 0.02
17 479146.31 1101231.04 479146.32 1101231.02 0.01 -0.02 0.02
18 479147.71 1101230.34 479147.70 1101230.31 -0.01 -0.03 0.03
19 479145.63 1101226.03 479145.62 1101226.08 -0.01 0.05 0.05
20 479144.20 1101226.70 479144.19 1101226.75 -0.01 0.05 0.05
21 479139.38 1101214.11 479139.37 1101214.11 -0.01 0.00 0.01
22 479167.70 1101200.10 479167.69 1101200.10 -0.01 0.00 0.01
23 479181.82 1101228.46 479181.84 1101228.49 0.02 0.03 0.04
24 479153.50 1101242.53 479153.51 1101242.53 0.01 0.00 0.01

points. The graphical representation confirms that most

deviations are small and randomly distributed, without o007
significant systematic trends, which is consistent with the o 2
computed accuracy indicators.
Table 2. RMSE and standard deviation of measurement
differences
Statistic Value [m] v 1

Std. deviation in Y (o) 0.027 o B

Std. deviation in X (o) 0.027

Combined std. deviation (o4 0.027

RMSEy 0.026 oo
RMSE, 0.029
RMSE,y 0.028 Figure 8. Deviation vectors between viDoc RTK and

terrestrial measurements




5. Discussion

The red and white ground control points are also reliably
identifiable in point clouds despite their smaller size (20 x
20 cm), but the checkerboard targets in black and white
are clearly more impressive in point clouds. Here, the re-
sulting contrast is quite unambiguous and the marking of
such an insertion point is more reliable and simpler. Even
so, some experience is necessary when working with point
clouds.

Another important factor that can to some extent in-
fluence the resulting quality of the georeferencing into a
binding coordinate system and consequently the whole
measurement result is the shadows of the building. When
carrying out the measurement work, it is advisable to take
into account the current lighting conditions and the ori-
entation of the sunlight or cast shadows of the building. It
is advisable to place the aiming points on the illuminated
part of the terrain. If they were signalled at locations where
shadow falls, these points would be more difficult to iden-
tify. Ultimately, this could have a negative impact on the
resulting accuracy of the transformation. Especially when
using a viDoc RTK rover, where the point cloud does not
exhibit the same quality as a static scanner. Also shows a
higher level of noise in the trajectory of the moving scan-
ner due to the movement of the meter. Therefore, it is
desirable to choose the position for the ground control
points appropriately and to adjust the trajectory of the
handheld scanner so that the ground control points are
not overwhelmed by unwanted noise. An example of the
ground control points is in Figure 9, where you can see
ground control point type A on the right and type B on
the left.

Figure 9. Ground control points in point cloud in
Pix4Dmapper

It is also essential to highlight the importance of con-
ducting a preliminary site inspection prior to the actual
measurement process. This preparatory phase plays a cru-
cial role in planning the optimal measuring route, select-
ing appropriate equipment, and identifying areas that may
pose a risk of reduced measurement accuracy. In practice,
insufficient preparation often results in lower quality out-
put data, particularly in areas that are shaded, obstructed,
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or difficult to access. Another significant factor influencing
the measurement quality is the current lighting conditions
and the orientation of the scanning trajectory in relation
to the sun (Naminat & Palamar, 2019). These aspects are
especially critical when using mobile devices, where mea-
surement accuracy may vary considerably depending on
the direction of the operator's movement and external
environmental conditions. Therefore, survey measuring
should always be adapted to the specific characteristics
and constraints of the measured object to ensure the
highest possible data quality and minimize systematic er-
rors. Figure 10 shows the problematic areas.

Figure 10. Problematic points on the building

6. Conclusions

The viDoc RTK rover provides a practical measurement
accuracy of approximately 5 cm, making it favorable for
cadastral surveying purposes. There were a total of 24 de-
tailed points on the Geology Pavilion test object. The re-
sults of the deviations obtained using the manual scanning
with the viDoc RTK rover are favourable for land registry
purposes. Points 9, 10 and 14 show the lowest accuracy.
The most susceptible parts of the tested objects are the
inner corners of the building, with shorter dimensions of
the masonry plan. In the case of the Geology Pavilion,
other factors were also negatively affected. In particular, a
technical element in the form of an exit evacuation ladder,
installed directly on the building to be surveyed. Already
when viewing the point cloud, the situation in the vicinity
of detail point 9 was negatively affected by the presence
of the exit ladder and the position of the point was not
as clear as it was for detail points in other parts of the
building.

In the case of measurements with mobile devices such
as the viDoc RTK rover, it is important to determine the
measuring direction relative to the object being measured
and the current illumination of the object. Before the ac-
tual measurement, a thorough reconnaissance should be
carried out. Based on a well performed reconnaissance
of the building, we will get an overview of which parts
of the building will need to be measured with increased
care, critical areas, where there are potential obstacles,
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how complex the building layout is, in which direction the
building casts a shadow, etc. If we do not carry out these
activities and start scanning immediately, we are unable
to take these facts and circumstances into account when
scanning. Very often, this thoughtless and incorrect mea-
suring procedure will then have a negative impact on the
final accuracy and quality of the overall work. The preci-
sion achieved is undoubtedly satisfactory for land registry
purposes. In the Czech Republic, the required accuracy
is characterised by a primary mean coordinate error of
0.14 m. The limit is the error twice the primary error.

Several factors were identified that negatively affect
the resulting measurement accuracy and usability. The
most critical areas include inner corners with shorter ma-
sonry dimensions, obstacles such as the exit ladder, and
measurement conditions including illumination and scan-
ning direction. In our measurements, points 9, 10, and 14
exhibited the largest deviations, illustrating the impact of
these factors. Proper reconnaissance, planning of scanning
direction, and awareness of obstacles can mitigate these
influences, ensuring that the measurements remain suit-
able for cadastral purposes.
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