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Abstract

Laser scanning technology is a spatial information gathering technique which is commonly used all over the world. Systems where
the red-light beam are used, are divided into: terrestrial, mobile and airborne scanning systems. The main differences between those
are the accuracy, the data acquisition solution (f. e. in ALS and MLS besides of the laser scanner, the inertial navigation system is
required) and the covered area in one mission campaign. In addition to a type of the project, the systems could be used and merge as one
to create precise, accurate 3D point model of the terrain without any gaps. The data which are provided need up to date. In this paper,
authors presented the solution of densing the point cloud from the ALS by the use of terrestrial laser scanning system and low-level

aerial photogrammetry to reduce the total costs of filling ALS point cloud.
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I. INTRODUCTION

Laser scanning technology is commonly used all over
the world for the last decades. Through that time, the
techniques of data acquisition by using red- light scanners
developed into many forms. The one of the most popular
methods is ALS (Airborne Laser Scanning). Based on
the LiDAR data, a Digital Terrain Model is possible to
create. The accuracy of obtained data was conducted by
the Reutebuch researches [14]. In Poland, administrations
ordered to create DTMs where the reference data was
points, coming from Airborne Laser Scanning. Moreover,
the technology of laser scanning platform paced on an
aircraft is widely used in forest management [5] [12]
or coastlines with additional using of MLS and TLS
systems [1} |6, [16]. The laser scanning technology could be
successfully used in city modelling [3] 17]. The market is
interested in this type of projects and developed many
algorithms helping with data processing [8]. To generate a
model in CityGML standard there is a need to combine the
point cloud from airborne laser scanning with mobile and
terrestrial. This is the result of measurement characteristics

of ALS where only the roofs are scanned. In this paper,
the authors are presenting the solution to integrate the
point cloud, obtained from ALS technology with data from
terrestrial laser scanning and optical scanning. The main
goal is to estimate the deviation between the integration
of the point clouds, claim the usefulness of this process
and select proper parameters of the point cloud for further
processing. In this paper, authors want to show the
possibility of combining terrestrial laser scanning and
optical scanning with airborne laser scanning in case
of ALS point cloud update. Also, we want to show a
good alternative for ALS measurements which are very
expensive and post processing of this data are difficult and
time consuming.

The object of this study is located in Gdansk, University
of Technology campus and represented by Audytorium
Novum building. The campus is placed in the urbanize
terrain, belong to the administration boundries of Gdansk
Wrzeszcz, which characterizes with geographical coordi-
nates 54°22'20”N, 18°36'56"E. The ALS data is coming
from the ISOK project [10], terrestrial laser scanning was
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Table 1: UAV’s classification in addition to its capacity.

Category | Explanation Constraint (capac-

ity)

OM Individual con- | capacity of the
structed, Low- | UAV, depends on
budget platforms | the type of the
up to 5000 euros construction

M mini and micro | < 5kg
UAV’s

L UAV’s with big ca- | > 5kg
pacity

Table 2: UAV’s classification in addition to its navigation in real time.

Navigation | Without Without Without

module GPS/ INS | GPS/ INS | GPS/ INS

Coordinates | post- post- post-

estimation processing | processing/| processing/
real time | real time

Navigation | 0 + ++

availability

in real-time

Accuracy low medium | high

Category OM M and L M and L

possible to perform thanks to Apeks company which
provided the authors Riegl VZ-400 laser scanner. The
optical scanning was based on the images, captured by a
camera, placed on an UAV.

II. SOURCE OF DATA

A. Low-Level Aerial Photogrammetry

In the low-level aerial photogrammetry, the photogram-
metry platform is placed on the UAV (unmanned aerial
vehicle). The UAVs could be classify in addition to its con-
struction features (a type of the propulsion or a type of the
power supply), weight, range or a maximum ceiling. Inter-
national Society for Photogrammetry and Remote Sensing
does not present the classification of the UAV-s [7]. The
existed one is presented in Table 1 and Table 2 proposed
by the Eisenbeif [2].

The OM category described individuals constructions
while the M and the L category are presenting the plat-
forms of minis and micros where capacity does not ex-
ceed 5 kg (M) and exceed 5 kg (L). Table II is presenting
the additional classification based on the navigation ele-

ments. There is a possibility to distinguish the systems,
not equipped with the GPS/INS system, equipped and
provide with DGPS/INS system. It has to be mentioned
GPS is one of the functioning systems and proper name
should be GNSS, but GPS is generally used on the flight
platforms.

In addition to usefulness of the UAVs systems in geodesy
measurements, the classification could be performed based
on the relation between the range and the accuracy of the
measurements. Unmanned aerial vehicles with the small,
digital camera provides the registration of the pointed area
and indicate an orientation of the photographs during the
aerotriangulation. Crucial is to detect blurred image [15].

The main advantage of the UAVs in comparison to the
manned aircrafts is that UAVs could be used in high risk
situation, not risking the health of the pilot. Moreover
they have its usefulness in not available or urbanized ar-
eas. Disadvantages of the UAVs are capacity and range.
Small ones have an opportunity to start with the weight
up to 2 kg. Problems which bring using UAVs in pho-
togrammetry and remote sensing are taking care of by the
Unmanned Vehicle Systems for Mapping and Monitoring
Applications. Before, the data acquisition it was crucial
to prepare a proper flight plan in addition to equipment
and environmental safety. The factors, which have the
biggest influence on the mission was wind direction and
insolation. Lack of the wind provide the authors stability
of the device and insolation has its influence on the quality
of the images. The other factor, significant in the context
of safety is a start and landing place. The characteristics of
landings are different for the different types of UAVs. The
key to prepare the landing is the appearance of obstacles.
Moreover it is crucial to have the possibility of monitor and
interference during the data acquisition. That provides the
GPS/INS system. The possibility to stop the mission in
bad weather conditions could prevent a potential danger
or a collision. In photogrammetry methods, the most im-
portant factors for the further processing are GSD (ground
sample distance), longitudinal and transverse coverage. By
the term of georeferencing the data we could understand
the use of GNSS receiver with the points, measured by to-
tal station which all of them could create tie points which
could be used for georeferencing process.

B. Airborne Laser Scanning

The idea of acquired the data from airborne laser scanning
comes to a measure the distance between an aircraft and a
measured object, realized by a rangefinder.

With the rangefinger, simultaneously the inertial nav-
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Fig. 1: ALS data visualization.

igation system with GNSS are working. That combined
components provide the whole information about a ground
with assumed point density. In this papers, authors have
data from ISOK (IT system of the Country’s Protec-
tion Against Extreme Harazds) project for Gdansk, Poland.
Point cloud characterizes with 12 pts/m2 density [9, [10].
To maintain this value, the MPA (multiple pulses in the
air) algorithm is crucial to use. The MPA technology is
sending pulses, not waiting for previous one to register by
a scanner. The example of ALS data is presenting in Fig. 1,
where inside the red polygon is an area of study.

C. Terrestrial Laser Scanning

Terrestrial Laser Scanners provide detailed and highly ac-
curate 3D data. Applications where could be used are wide
ranging, including Architecture, Civil Engineering, Topog-
raphy. The working idea is similar to airborne, because
it comes to measure a distance between the instrument
and the scanned object. Alignment of the scans comes
to match them on points, indicate by the user and create
planes where the center of gravity and normal vector for
each one is estimated. The process is described in the
integration of the data chapter and could be successfully
used in case of scan data alignment between each other
and merged point cloud with clouds from different plat-
forms for example airborne laser scanning or low-level
aerial photogrammetry.

III. INTEGRATION OF THE DATA

The integration of the data was performed in Riscan PRO
software, provide by the ZUI Apeks company, based in
Gdansk. The idea of such an operation could be realize in
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Fig. 2: TLS data alignment with points, measured by the RTK method.
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Fig. 3: The horizontal difference between the TLS and Low- level aerial
photogrammetry.

two different ways.

The first one is to georeference the data of three different
types of measurements. It could be done by the GPS/INS
system in airborne laser scanning, assisted with the planes
(for example roofs of buildings), measured with traditional
methods. With the information, provided by the Head
Office of Geodesy and Cartography, the standard deviation
of data alignment should not exceed 20 cm. In case of
TLS measurements, 8 points were measured by use of the
real time kinematic method and the alignment standard
deviation between those points and the scanned ones, are
presenting in Fig. 2. The used coordinate system was
ETRS89 / Poland CS92.

The idea of merging the point clouds is to open them in
a same view. The evaluation of data could be performed by
measuring a distance between same points, representing
ALS, TLS and low-level aerial photogrammetry. In the
Fig. 3, the authors are presenting the mismatch. The black
color represents the poins from the TLS, and fuchsia- from
lowlevel aerial photogrammetry. With using GPS (in case
of the TLS) and Total Station (in case of the low-level aerial
photogrammetry) the horizontal difference between the
same wall equals approximately 10 cm, because values
which could be seen in Fig. 3 are in meters. The accuracy
of a point model for ALS data update could be enough,
but if we want to have more accurate model the alignment
operation have to be performed.

The second method of data integration, which could
be used not only to merge point clouds from different
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Fig. 4: The histogram of data alignment.

platforms but also for scan positions comes to divided
point clouds into cubes where the planes are searched. The
user describe the maximum plane error and the minimum
number of a plane point count. In addition there is an
opportunity to create tie points which could be measured
manually. That prepared data, the software aligned using
least square method. Because the TLS data characterizes
the highest accuracy, it could be used as the reference. The
alignment between the whole data are presented below in
Fig. 4. At the bottom of that figures the distance between
the planes are shown and based on that data, the standard
deviation could be estimate. The values are in meters.

It has to be mentioned that the data alignment, even
where is not exceeded 1 cm is not reliable. For example
the planes from different objects could be matched or the
program align only those planes which belong to objects,
in short distance from a scanner. The error growths with
increasing a disstance between a device and scanned object.
Before the conclusions, those situation has to be checked
where the accuracy is crucial. To update the ALS point
cloud, where the accuracy is the lowest there is no need to
check such an issue.

In this paper, the data coming from the Main Office of
the Geodetic and Cartographic Documentation Center was
updated. Laser scanning points came from 27 and 28 june
2011 and saved as the 1.2 las files where the classification,
according to ASPRS specification was performed. In Fig.
5, the authors shows the noticeable changes of the Gdansk
University of Technology campus. The building, built in
2015 was not captured in ALS measurements, but it was in-
ventoried during TLS and low-level aerial photogrammetry
measurements.

Fig. 5: Changes in Gdansk University of Technology campus in studied
ared.

Table 3: Standard deviation in reference to type of terrain.

Type of terrain SD [m]
Ground 0.13
Vegetation 0.16
Building 0.04

Updating measurements was executed on the 21 septem-
ber 2016 using UAV and on the 6 march 2017 in case
of terrestrial laser scanning measurements. Close range
photogrammetry measurements filled spatial information
about roofs of the Audytorium Novum, when the terres-
trial laser scanning updated ground and vegetation.

Table Il is presenting the standard deviation in reference
to type of terrain integration with ALS point cloud. The
results of data integration is shown in Fig. 6 where the red
colour is presenting the ALS points cloud and yellow- com-
bined data from terrestrial laser scanning and low-level
aerial photogrammetry. What is more, the vegetation inte-
gration deviation equals 0.16 meters and is connected with
the noise, coming from the trees [4]. SD values estimation
comes to check mean distances between matching planes
described in chapter IIl. Moreover, points density on the
roofs of the building equals 862 points per square meter
and density of ground and walls equals 8042 points per
square meter after update. It was dependent on the scan
pattern resolution and aligned photographs.

IV. ConNcrLusIOoNs

Airborne Laser Scanning is an effective tool for gathering
spatial information about the terrain but still not very avail-
able and very expensive. For the processing purposes, not
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join data of building

join data of ground

Fig. 6: TLS+UAV data integration with ALS point cloud.

covered by a lot of area there is a possibility to update ALS
point cloud, do not spend money for another flight mis-
sion. In this article the authors presented use of UAV and
terrestrial laser scanning to obtain the satisfactory results
in reference to airborne laser scanning point cloud update
for further processing. Moreover, the data, coming from
the close range photogrammetry and the scanner, placed
on a tripod characterize higher precision and accuracy in
comparison to ALS [18]. The integration of the data is not a
problem [1} [11} [19] and there is a possibility to do it in two
ways. First is to georeference every of data, and another is
to use plane patch filter algorithm to combine every of data,
where one is the reference. Larger problem is the change
of the terrain during time between the measurements. In
case of our study the new construction was built which
influence on the classification and the integration process.
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