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ABSTRACT:

This paper presents a comparison of LiDAR point clouds acquired using two, different measurement techniques: static TLS
(Terrestrial Laser Scanning) performed with a FARO Focus3D X130 laser scanner and a SLAM-based (Simultaneous Localization
and Mapping) unit of MLS (Mobile Laser Scanning), namely GeoSLAM ZEB-REVO. After the two point clouds were brought into
a single coordinate system, they were compared with each other in terms of internal accuracy and density. The density aspect was
visualized using 2D density rasters, and calculated using 3 methods available in CloudCompare software. Thus, one should consider
before choosing how to acquire a LiDAR point cloud whether a short measurement time is more important (ZEB-REVO) or whether
higher density and measurement accuracy is more important (FARO Focus3D X130). In BIM/HBIM modeling applications, logic
dictates that the TLS solution should be chosen, despite the longer data acquisition and processing time, but with a cloud with far
better quality parameters that allow objects on the point cloud to be recognized. In a situation where the TLS point cloud is 20 times
more dense, it allows to model objects at the appropriate level of geometric detail.

1. INTRODUCTION

LiDAR point clouds are a very popular set of geospatial data
that is used in various areas of human activity. Examples of use
can be found in many publications:
- environmental mapping and assessment of the state of the
natural environment Chiappini et al. (2022), Wezyk et al.
(2019), Balestra et al. (2022), Przewozna et al. (2021),
Kovani¢ e. al. (2020b), Apollo et al. (2023), Krok et al.
(2020);
- documentation of cultural heritage Herrero-Tejedor et al.
(2023), Warchot and Lecznar (2022), Sobura et al. (2023),
Gawronek et al. (2017), Liu, et al. (2023), Rzonca (2018),
Prokop et al. (2021), Gawronek and Noszczyk (2023),
Bieda et al. (2021), Skrzypczak et al. (2023);
- inventories of building objects to create 3D BIM (Building
Information Modeling) models Skrzypczak et al. (2022),
Colucci et al. (2021);

In addition to the issues of point cloud acquisition and
application, further life stages of these datasets are also studied,
at the level of:
- data processing Btaszczak-Bak et al. (2022), Kovani¢ et al.
(2020a), Szulwic and Tysiac (2018);
- integration Bakuta et al. (2022), Tysiac et al. (2023); or
- publication Quattrini et al. (2017), Malinverni et al.
(2019), Pierdicca et al. (2022).

They are also used in engineering works: - architectural
inventories - creating as-built BIM (Building Information
Modeling) models To ensure the expected accuracy of mapping
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reality, there is a need to make LiDAR point clouds of a certain
quality. According to 1SO 19157, this quality consists 6 issues:
completeness, logical consistency, position accuracy, thematic
accuracy, time accuracy and application. The main problem is
the answer for the question: fast measurement or good quality?

Warchot (2019) proposed to add an additional density
parameter that directly affects the possibility or not of mapping
certain objects from the point cloud. The best solution is a
dense, accurate and even cloud. The uniformity parameter was
introduced, for example, in work of Kurczynski and Bakula
(2013), but it was the ALS (Airborne Laser Scanning)
perspective, in which it is much easier to maintain the
uniformity of data density. In TLS (Terrestrial Laser Scanning)
or MLS (Mobile Laser Scanning) data it is definitely more
difficult.

Dense and accurate datasets are most easily achieved through
the use of TLS. Unfortunately, their downside is usually the
length of time spent in the field and the registration of all scan
stations to the one, homogeneous project.

The answer to the above problems may be MLS in the form of
SLAM (Simultaneous Localization and Mapping) solutions.
Some examples could be found in publication of Keitaanniemi
et al. (2020) and Wajs et al. (2018). A comprehensive and
content-filled literature review about MLS can be found in work
di Stefano et. al. (2021). However, the definite minuses of this
solution are the density of the obtained point cloud and the
accuracy of the measurements.
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From the point of view of using a point cloud, its density is one
of the key parameters, as it determines whether or not it can be
used for a specific purpose. A detailed analysis from the point
of view of creating BIM/HBIM models is presented in Warchot
and Lecznar's (2022) paper. From this work also comes a fig. 1
and 2.

Figure 1. Point cloud of the details above the window at
different resolutions acquired with the FARO Focus3D X130
scanner: a) F_1/8, b) F_1/5,c) F_1/4,d) F_1/2

Figure 2. Window details model developed from point clouds
with different FARO resolution: (a) F_1/8, (b) F_1/5, (c) F_1/4,
(d)F_1/2

At low resolutions (fig. 1a), some elements are not visible on
the cloud, and thus cannot be modeled properly or at all.

2. MATERIAL AND METHODS

2.1 Data sets and data aquisitions

This paper presents the parameters characterizing two sets of
LiDAR data obtained for the same objects - elevations of 3
buildings ("Biblioteka™ - Library, "Instytut Inzynierii
Technicznej" - IIT and "Rektorat” - Rector's Office). The
exterior dimensions of the buildings were approximately: the
"Biblioteka" 62 x 22.5 m and 10.8 m high, "lIT" 55.5 x 22 m
and 8.2 m high and "Rektorat" 55.6x 21.3 m and 10.1m high.

The first set is a point cloud from the terrestrial LIiDAR laser
scanner - FARO Focus 3D X130, while the second was
obtained using the GeoSLAM ZEB-REVO scanner - fig. 3.

Figure 3. Used equipment: GeoSLAM ZEB-REVO (left) and
FARO Focus 3D X130 (right).

The point clouds from the FARO scanner were acquired in May
2019, from 40 scan station (fig. 4) with nominal resolution of
the clouds 7.6 mm at 10 m distance. Project was registered in
the FARO SCENE 7.1.0.12 software using cloud-to-cloud
method. The average error of registration of 40 scan stations
was 23.1 mm, while the maximum was 38.6 mm. Range from
0.6 to 130 m with nominal range error £+ 2 mm. Ranging noise
defined by the producer is 0.3-0.4 mm at 10m and 0.3-0.5 mm
at 25m distance. The lower values correspond to surfaces with
90% reflectivity, while the upper values correspond to surfaces
with 10% reflectivity (Faro, 2014).
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Figure 4. Location of the FARO Focus 3D X130 scan position.

The final point cloud contained over 480 million points, to
which, in addition to the intensity, RGB values were also
assigned from the images acquired by the scanner. Additionally
the FARO data set was cleaned manually and cut in Autodesk
ReCap software. Post processed point cloud could be seen on
figure 5.

7Figure 5. FARO Focus 3D X130 point cloud coloured by RGB
values.
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The whole project remained in the local coordinate system
without georeferencing to the national coordinates system.
When comparing the density and internal accuracy of point
clouds, their location in space is not crucial. Location of FARO
scanner stations on fig. 4 was shown.

The project acquired by the ZEB-REVO scanner, operating as
SLAM (Simultaneous Localization And Mapping) in one
measurement lasting about 18 minutes and contains almost 16
million points. The whole ZEB-REVO data sets with the shape
of the trajectory (green) is shown on fig. 6 and was acquired in
June 2017. Area of interest is marked red, contains almost 15
million points and the measurement took 16.5 minutes.
Maximum range of the ZEB-REVO is up to 30m in optimal
conditions. Typical maximum range is 15-20 m. Scan range
noise £30mm (GeoSLAM, 2017).

Figure 6. Shape of the GeoSLAM ZEB-REVO trajectory
(green) with the acquired point cloud in background. Area of
interest marked in red.

Due to the characteristics of the ZEB-REVO measuring device
and the relatively short range (up to 30m), the trajectory was in
close proximity to building walls. The geometry of such a
solution results in a lack of roof data, as can be seen on fig. 6
and fig. 8.

Due to the fact that each of the clouds (ZEB and FARO) was
obtained in a local coordinate system, there was a need to shift
them to one system. For this purpose, ZEB point clouds were
transformed into FARO using the Align Cloud tool in
CloudCompare software, separately for each building based on
4 tie points, obtaining RMS values of 3.3 cm for object
"Biblioteka ", 4.4 cm for "IT" and 4.7 cm for "Rektorat",
respectively.

The point clouds in the same, local coordinates system imported
to the CloudCompare software, colour by intensity could be
seen on figure 7 for FARO and figure 8 for ZEB-REVO.

Figure 7. FARO Focus 3D X130 point cloud coloured by
intensity values, imported to CloudCompare after shifted to one
coordinates system.

Figure 8. ZEB-REVO point cloud coloured by trajectory,
imported to CloudCompare after shifted to one coordinates
system.

2.2 Data sets evaluation

The clouds were compared with each other in terms of:

1. geometrical accuracy of the presented objects - based on the
differences in the coordinates of the selected 30 points after
georeferencing, and

2. point cloud density. The check was made in the
CloudCompare software, using the Cloud Density tool in the
options: number of neighbours, surface density and volume
density.

The methods of calculating the density, listed above are
consistent with the considerations contained in publication
Warchot (2015).

3. RESULTS

As presented in Chapter 3, TLS and MLS point clouds were
compared in 2 aspects: geometrical accuracy and point cloud
density.

First aspect (geometrical accuracy) was checked on 30 points
(by 10 on every building) after georeferency. Summary results
are presented in Table 1.

AX [m] | AY [m] | AZ[m] | Dist2D | Dist
[m] 3D[m]
Rektorat
Min. -0,022 | -0,079 -0,069 0,010 0,043
Max 0,073 0,056 0,040 0,082 0,093
Mean 0,027 0,006 -0,009 0,053 0,067
Std. dev. 0,033 0,043 0,039 0,025 0,021
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Biblioteka
Min. -0,059 | -0,062 -0,063 0,021 0,023
Max 0,056 0,057 0,048 0,082 0,091
Mean -0,009 0,008 -0,014 0,052 0,059
Std. dev. 0,040 0,041 0,029 0,020 0,024
1T
Min. -0,075 | -0,049 -0,072 0,018 0,038
Max 0,066 0,046 -0,001 0,082 0,099
Mean -0,012 | -0,005 -0,037 0,050 0,068
Std. dev. 0,046 0,031 0,029 0,022 0,019

Table 1. Characteristics of differences on each coordinates
(FARO minus ZEB) and on the distance (in 2D and in 3D)

Second aspect (point cloud density) is showing in the most
simplified form on the fig. 9 and fig. 10. Additionally was
checked by 3 methods implemented in CloudCompare software:
number of neighbours, surface density and volume density - all
in 3D space.

Figure 9 and figure 10 were prepared to show general difference
in density of the point clouds from both units. Not for showing
precise value of density in every fragment of the area of interest,
but to show a scale of difference. Keep in mind that in this
approach points from 3D space are counted into 2D GRID. Size
of the pixel of the density raster is 0.1m. White area
corresponds with 0-19 point in pixel, yellow 20-1999 points,
orange 2000-19 999 points and red over 20 000 points. In this
approach average of density for FARO point cloud is 23 993
points per m?, whereas for the ZEB "only" 806 points per m?.
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Figure 9. FARO Focus 3D X130 point cloud density, as a raster
of density with 0.1m GRID.
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Figure 10. ZEB-REVO point cloud density, as a raster of
density with 0.1m GRID.

First of 3D method - "number of neighbours" is counting the
number of neighbours for each point in the cloud inside setting
radius (r) - in this case 2 cm (CloudCompare). Histograms of
this method for FARO data set is showing on figure 11, while
for ZEB-REVO on figure 12.

Gauss: mean = 38.472595 / std.dev. = 46.990150 [6374 classes]
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Figure 11. Histogram of "number of neighbours" method for
FARO Focus 3D X130 point cloud.
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Figure 12. Histogram of "number of neighbours" method for
ZEB-REVO point cloud.
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Second of 3D method - "surface density" is counting the
number of neighbours divided by the neighbourhood surface
with 2 cm radius (r) - details on (CloudCompare). Histograms
of this method for FARO data set is showing on figure 13, while
for ZEB-REVO on figure 14.
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1.4'108
1.2'108
1+106

800000

Count

600000

400000

200000

a L e e e e e e e e e A e e ¢
40000 80000 120000 160000 200000 240000 250000
Surface density {r=0.020155)

Figure 13. Histogram of "surface density" method for FARO
Focus 3D X130 point cloud.
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Figure 14. Histogram of "surface density" method for ZEB-
REVO point cloud.

Third of 3D method - "volume density” is counting the number
of neighbours divided by the neighbourhood volume with 2 cm
radius (r) - details on (CloudCompare). Histograms of this
method for FARO data set is showing on figure 15, while for
ZEB-REVO on figure 16.
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Figure 15. Histogram of "volume density" method for FARO

Focus 3D X130 point cloud.
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Figure 16. Histogram of "volume density" method for ZEB-
REVO point cloud.

As can be seen in fig. 9 and 10 and in histograms 11-16, the
differences in point cloud density are significant. Regardless of
how the density is counted, the FARO data is at least 20 times
denser than ZEB-REVO. This also translates into the visual
effect presented on fig. 17-20.

Figure 17. Point cloud of the "Biblioteka" object acquired by
the GeoSLAM ZEB-REVO colored by trajectory.

' FigUre 18.'Poit cloud of the "Biblioteka" bjecuired
the FARO Focus 3D X130 colored by the intensity.
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Figure 19. Point cloud of the "IIT" object acquired by the
GeoSLAM ZEB-REVO colored by trajectory.

Figure 20. Point cloud of the "IT" object acquired by the
FARO Focus 3D X130 colored by the intensity.

4. CONCLUSIONS

The first issue, geometrical accuracy, was checked on 30 pairs
of points, 10 pairs of points for each building. The differences
for each coordinate take on both positive and negative values,
stacking up as to values in similar ranges. Thus, no clear
systematic errors can be seen at any of the coordinates. The
values of the average 3D distances between corresponding
points on both clouds are higher than the RMS of matching
clouds between them. The differences between the 3D distances
from Table 1 and the RMS, indicate an additional error
component of 2cm for the "Rektorat” object, 2.6cm for the
"Biblioteka" object and 2.4cm for the "IIT" object. Thus, these
are the values contributed to the final point cloud by the ZEB-
REVO measurement unit and/or the MLS point cloud
alignment.

In the second aspect controlled, i.e., the density of the final
point clouds, the large standard deviation indicates large
differences in local point cloud density, i.e., there are areas in
which the density is markedly different. This is evident, for
example, in figures 9 and 10 where one can see a large number
of white pixels, i.e., with densities of 0-19 pts/m2 and areas
with red pixels with point counts of more than 20,000 pts/m2
near scanning equipment.

Thus, one should consider before choosing how to acquire a
LiDAR point cloud whether a short measurement time is more
important to the recipient, as in ZEB-REVO, or whether higher
density and measurement accuracy is more important, as in
FARO Focus3D X130. In BIM/HBIM modeling applications,
logic dictates that the TLS solution should be chosen, despite

the longer data acquisition and processing time, but with a
cloud with far better quality parameters that allow objects on
the point cloud to be recognized (figures 17-20). In a situation
where the TLS point cloud is 20 times more dense, it allows to
model objects at the appropriate level of geometric detail.
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