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ABSTRACT:

Along with the development of the technology of mEoconstruction (UAV - Unmanned Aerial Vehicleshe thumber of
applications of these solutions in the industrp asew. The aim of the research is to check theracy of data obtained using the
new technology of UAV scanning and to compare tlvdith one that is widely spread - high-altitude aime Lidar, in terms of
quality and spectrum of applications in industrg anfrastructure. The research involved two infnasture objects: a reinforced

concrete one-span bridge and Lattice transmissiovert with powerlines. The density of measurementerpnal and external

cohesion of point clouds obtained from both methwdse compared. Plane fitting and deviation ansalygre used. The data of
UAV origin in both cases provided a sufficient dignsallowing the recognition of structural elemgnénd internal coherence and
precision of measurements important in modelinge Btudy shows that UAV mounted scanning may be usethe same
applications as Airborne Lidar, as well as in otfaesks requiring greater precision.

1. INTRODUCTION

Lidar - Light Detection and Ranging is mainly asstei with
airborne laser scanning. In contrast to terress@nning, it
enables coverage of large areas, including areasvailable
for measurement from the ground.

With the development of UAV technology, the numbmr
applications of these solutions in industry grelwe Popularity
of photogrammetric systems based on non-metric tadigi
cameras mounted on a multicopter or fixed-wing efatHam,
Y., et al., 2016). These systems characteristicavamall mass
of measuring equipment (cameras) and positioningtegys
operating in autonomous mode (GNSS solution). ldeoito

The need to determine the exact position of tharsmaduring
the measurement results from the characteristidheimobile
scanning, where each measured scan line must haweven

spatial position - orientation along the traject@ukko, A. et
al., 2012). This is the main difference between itrolnd

terrestrial laser scanning (TLS). Principle of tA&S is

stationary position of one setup — scan stationthih case of
mobile scanning either ground based or airborne, dirrent
accuracy of the position along trajectory is enduby the
integration of the RTK GNSS system and the IMU iiaéminit

(Brede, B., et al., 2017).

The main principle of this system is the combimatid discrete
observations with RTK GNSS - positions with obsdorat of a

process the measurement data, the use of GCP was akationary station receiver with known coordinafiise role of
necessary. GCP - Ground Control Points are phototgoin a base station can be fulfilled by a single GPSivec or a

which ensure a proper spatial reference (externahwtion of
the created model) in the post processing (Colomina&
Molina, P., 2014). For technical reasons, airb@tenning was
previously reserved for aircraft. It was causedablarge mass
and size of scanners and devices necessary tonile¢ethe
exact position of the measurement system in tint: space,
with parameters of the angular orientation of tlyetem. In
contrast to aerial photographs, scanning to maintaigh
measurement precision requires knowledge of thet@asition
and spatial orientation of the system. Images hagossibility
to recalculate this position during aerial triaragidn - using the
points identified in different pictures as identjcavhich
combine photos into a coherent model ensuring thention
of photos between themselves, and ground-basedtspoin
known coordinates (AICARDI, 1., et al., 2016).

network of reference stations. Positions betweemsecutive
positions calculated from GNSS postprocessing
supplemented with observations from an inertiat atomposed
of a set of accelerometers. Thanks to the commignraént of
observations, the internal precision of the trajgcgeometry is
improved, while the GNSS postprocessing ensureac¢beracy
of the global location at the level of single cemters (Hutton,
J., et al., 2007). The use of the INS-GPS RTK systaables
measurement without the use of additional
measurements (Mian, O., et al., 2015).

Miniaturization of these systems and the creatibtight laser
scanners, made it possible to install these dewinesnmanned
aerial systems, without compromising the accurddhe result.

are

ground
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Instruments mounted on the UAV are characterizedolyer
signal power. As method remains unchanged, thee saall
difference of distance to measured object mak@®ssible to
obtain a result with greater precision and constste

The aim of the work was to compare the data obthfren two
Lidar measurement methods - high and low abovergtdevel
scanning.

2. MATERIALS AND METHODS

The study was carried out on the example of twoastfucture
facilities, transmission tower high voltage linesdaa concrete
bridge. For both of the studied areas, a point dlobtained
from the Lidar flight was obtained from the PZGilStéate
Geodetic and Cartographic Resource) resource. Itveasured
within the ISOK project using the Riegl LMS-Q680iasner
with the following parameters, mounted on lightweigirplane
(Figure 1):

Maximum rate of effective measurement is up to R6&z at
scan angle of 60 degrees (-30°; +30°). Maximum eaof
measurement at signal frequency of 400 kHz spams 000m
— 1600m depending from reflectivity of the materidhgular
step — resolution between measurements is 0.0@3erlLBeam
Divergence — angular measure of the radius of tkanb
footprint increase is less than 0.5mrad, which reehat in the
distance of 1000m laser beam footprint would
approximately 500mm diameter. Scanner allows foasuee
unlimited number of targets (echoes) (Riegl, 2012 usually
mounted on light aircrafts with typical above grdufevel
between 900 and 1000 m.

The same objects were also subjects of scanningureraents
that were performed using multicopter Riegl Ricokégure 1)
with the VUX-1 scanner. It is a fully integrated asering
system that is a miniature of Lidar aircraft system

Maximum Take-off Mass of the integrated system&skg and

contains both UAV platform and scanner with equiptme
The scanner is equipped with a near infrared lagerating at
a frequency of up to 550 kHz, at which the maximeffective

range is from 170-300 m. The minimum angular stefwben

laser shots is 0.006°. The divergence of the ldsam is
maintained at less than 0.5 mrad - the same aberLMS-

Q680i scanner,
measurement range of 100 m the diameter of the g is 50
mm. VUX-1 also supports echo measurement. The teféec
angle range of the measurement includes a speafugB80

degrees, 165° in each side (Riegl, 2017). The Higld only

includes the construction of the UAV platform. Thepical

altitude above ground level usually does not exdédim.

Scanner is integrated with inertial unit INS/GNS$phanix
AP20, that assure accuracy of position of 0.05nizbatally
and 0.10 m vertically.

which means that within the effectiv |

Figure 1. UAV Riegl RiCopter (left) and plane Cessnagr
(right)

3. CASE 1 - CONCRETE BRIDGE

Bridges, like other infrastructure objects, requmenitoring
and regular measurement. New Non-Destructive T@stin
methods join widely used visual methods. These Mizthods
include laser terrestrial scanning and photogrammetethods
(valenca, J., et al.,, 2017). TLS offers dense amecige
measurement, but in many cases, with more comptextsre
and geometry, it lacks the field of view and mayirmufficient
to cover inaccessible, obscured parts (Bolourian, d\l.al.,
2017). The use of UAV, both photographic and egedbwith a
laser scanner can help overcome these defects JR¥uy,et al.,
2017). In the case of such a measurement, it isssecy to
carefully plan the tests, the device parametersthadpath of
the drone flight (Bolourian, N., et al., 2017).

reach

The case of a bridge measurement became an opipyprtan
compare the quality and density of data generateth fair
scanning of low and high AGL (Figure 2 and 3). D#tam
Airborne Lidar cannot be used for detailed exaniimabf the
object's condition, but it should be sufficientdetermine the
situational and altitude location of some of itsmaénts, such as
roads or barriers (Yen, Kin S., et al., 2011).

Both data from the Airborne Lidar and UAV flight veenot
adapted specifically to the characteristics of dfsgect. Lidar
data came from the public resource, while the UAghfplan
was adapted rather to surface measurements, ofted to
create a Digital Terrain Model.

Figure 2. Isometric view of the bridge — UAV pogtoud
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Figure 3. Isometric view of the bridge — Lidar podtoud

3.1 Parameters of Lidar and UAV gathered data

The Airborne Lidar mission was planned as a blockayallel
scanning lines. The average AGL was 980 m, andligtance
of the scanning line from each other was not tceedc560 m.
The signal emission frequency was 360 kHz, whiculted in
an effective scanning frequency of 180 kHz. To wbthe
minimum planned value of the density of the poilouds, 4.3

pts/n?, the speed was set at 50 km/h. According to State

Resource documentation, the resultant point cloudniged to
category | and its mean altitude error may be @20

The UAV flight was realized at 140 m AGL, with au@ing
speed of 10 m/s. The measuring block consisted aodllel
scanlines, which axes were 130 m apart from eduwér otvhich
made it possible to provide sidelap of scans at.3086 aerial
scanning from UAV, 90° (-45°, +45°) are considerfxd
coverage, and the recording range has been exteind&d0
degrees (-60°, + 60°)

Measured object was single span concrete beamebritdg50 m
span was situated 10 m above water surface. Croissef
the road surface was two sided slope.

3.2 Analysis:

On the surface of the object, five test fields lre tshape of
rectangles were selected: three with dimensionslasinto
4.5x2.5 m and two additional covering larger afégyre 4). In
order that these fields covered only planar surtddée bridge
without other objects, they were situated on the balf of the
roadway and covered only a section of asphalt. Th
corresponding fragments of point clouds (Lidar &l#&V) were

cut out in each field. A regression plane is fittadeach slice.
Planar fit statistics can be found in the tabldswegTablel, 2,
3,4,5,6,7).

The Figure 4 shows the distribution of test fiedahsthe bridge's
roadway.

Table 1. Fitting statistics of regression plane 1

Planel| Dimensions: 4.43 x 2.28 m | Area: 10.18 m
Number Density Max Avg. Slgm
of points (pt/r?) dist. (m) | dist. (m) (m)
Lidar: 175 17.3 0.107 0.025 0.018
UAV: 2733 270.6 0.038 0.006/| 0.014
Table 2. Fitting statistics of regression plane 2
Plane2 Dimensions: 4.11 x 2.68 m | Area: 11.02 m
Number Density Max Avg. | Sigma]
of points (pt/nP) dist. (m) | dist. (m)| (m)
Lidar: 152 13.8 0.066 0.027  0.022
UAV: 1898 172.3 0.046 0.007| 0.016

Table 3. Fitting statistics of regression plane 3

Plane3 Dimensions: 5.14 x 3.20 m| Area: 16.4%5 m
Number Density Max Avg. | Sigma]
of points (pt/nP) dist. (m) | dist. (m)| (m)

Lidar: 187 11.4 0.078 0.021 0.024

UAV: 1456 88.5 0.041 0.004| 0.012

Table 4. Summary of regression statistics (plan&s )

Mean density| Maxdist. | Avg. dist.| Sigma
(pt/n?) (m) (m) (m)
Lidar: 13.7 0.107 0.024 0.021
UAV: 162.0 0.046 0.006 0.014
Table 5. Fitting statistics of regression plane 4
Plane4] Dimensions: 28.64 x 3.17 ni\ Area: 90.79 m
Number Density Max Avg. | Sigma]
of points (pt/nP) dist. (m) | dist. (m)| (m)
Lidar: 1207 13.3 0.226 0.055§ 0.097
UAV: 11618 128.0 0.226 0.011] 0.049
Table 6. Fitting statistics of regression plane 5
Plane5| Dimensions: 20.08 x 3.03 ni\ Area: 60.84 m
Number Density Max Avg. | Sigma]
of points (pt/nP) dist. (m) | dist. (m)| (m)
Lidar: 656 10.8 0.158 0.039 0.067
UAV: 10023 164.7 0.158 0.014 0.048

Table 7. Summary of regression statistics (planés 4

Mean density| Maxdist. | Avg. dist.| Sigma
(pt/n) (m) (m) (m)
Lidar: 12.3 0.226 0.046 0.082
UAV: 142.7 0.226 0.014 0.049
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Figure 8. Histogram of deviations from plane3- UAV

Another analysis was the creation of a cross-se¢tioough the
bridge span. (Figure 9, 10, 11) A cross-sectioa pbint clouds
: of 10 cm thickness shows the difference in densitythe
ket - object's coverage. It is possible to observe thevagion

i o difference between the cloud obtained from UAV @&adborne
Lidar that is on average 11 +3cm (Figure 11).

Figure 6. Map of deviations — UAV point cloud .
Tables 4 and 7 contain average values for testsfel o L
respectively small and large.An analysis of poirbud .
distances to fitted plane was carried out usinchowCloud to . '
Mesh (C2M). The results were diagrams of point'datises Vs
from surfaces (Figure 5, 6). Histograms (Figure pi&senting
point deviations from plane 3 show, that distribati of Figure 9. Cross-section of bridge span from UAV @mp
deviations is random and even in both cases. Ttersa mean Cross-section of bridge span from Lidar (lower)
values of deviations for the UAV method are twiocgaler than
those obtained from airborne Lidar. The densitytha Lidar
cloud is four times higher than planned (4.3 g)/rthis is due
to good exposure and lack of obscuration. The tesndlicate
that in the case of larger fields, the values @& thaximum *
deviations are almost equal, however, the proportib mean
distance values and their standard deviations isteined.

L TP | ":*.*. = a " I+il I||+| ....+
PO

signed distances (187 values) [12 classes]

36 . . .
Figure 10. UAV and Lidar clouds cross-section clope
30 (crosses — Lidar, points — UAV)
4%- 24
g 18

| ]
-0.075 -0.05 -0.025 0 0.025 0.05 0.075 1 AT . LT ™
| ]
signed distances m ' ' ot 1

Figure 7. Histogram of deviations from plane3- Lida

Figure 11. Cross section — barrier, pavement, curb
(left — Lidar, right — UAV)
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3.3 Conclusions

The result of the conducted analyzes confirms theuatages of
using UAV mounted Lidar. On a small scale of indival
objects such as bridges, a low altitude airborserlacanning
can provide a dense coverage of the object eviemvids within
a range of one scan line. It can be noticed by robsg the
pattern created by the point cloud on the surfddbe object.
The pattern depends on the path of the flight ahd t
instantaneous velocity of the UAV relative to theund. The
cloud obtained by this method is uniform and cleadherent.
Values of both mean distance of point cloud toesgion plane
and its standard deviation is two times lower. hality of the
data enables surface modeling and recognition n$tcaction
details, such as curbs, barriers and handrails, wben
recognizing horizontal markings.

The better results in case of point cloud density precision of
reproduction of the objects still can be obtain€kis requires
designing a measurement to match the tested olbjbath is
allowed by the characteristics of the UAV measureme

4. CASE 2 - LATTICE TRANSMISSION TOWER

The main reason of taking measurements of trangmisswers
is need of regular, periodic monitoring. The methatthat are
well established in monitoring and measuring ofigraission
towers and powerlines corridors comprises teri@stfield
survey and aerial mapping. These methods evolaed feams
of engineers performing checking of foot or fromidepters
(that methods are still in use). Both methods hadgtpros and
cons. Monitoring from ground was laborious but wast
restricting time of inspection, whereas helicofptaspection was
more efficient, but it was limiting observation 8BmNowadays
these visual based methods are more and morerefiéaced by
mapping technology. This solution allowed to gatbata on
site and analyse it later. We are able to distisiguseveral
methods of measurements: ground based surveysttéatdaser
scanning and aerial methods that include photogetnon
approach and Lidar. Today use of UAV carrying plgoaphic
cameras have become popular in monitoring poweeslin
(Matikainen, L., et al., 2016; Moore, A.J., et 2017; Jiang, S.,
et al., 2017).

Just as in the case of mentioned visual methodsgrgkerule
remains the same. Ground based methods can besereat
require high effort and are time consuming. Ondtieer hand,
traditional aerial measurement is more efficienttémms of
mapped area, but cannot be as adapted to objeetrastrial

measurements. Due to high cost of single measutemen

airborne missions have to be designed on biggersame make
it profitable.

Study of Teng, G. E., et al., 2017 presents apipticaof UAV
based mini Lidar in inspection of high voltage Bnén
inaccessible terrain, where other methods are fiicieat or
profitable.

This part of the paper focuses on use of airboidarlin power
lines monitoring. To compare data from plane andvUAdar
two point clouds of the same object were gathered.

4.1 Parameters of Lidar and UAV gathered data

Metadata of Lidar origin point cloud describes tgbivalues of
parameters of flight. Planes maximum velocity dgratanning
should not exceed 40 m/s. Pattern of flight waso$gdarallel
scanlines 640 m apart from each other on 850m AGL.

UAV measurements was planned as grid pattern eSIB0 m
apart from each other on 70 m AGL. The conditiorsioelap
coverage of scans at the level of approx. 50% hesnb
preserved - the data acquisition region of 120 elegwas used,
as in the case of the bridge measurements in casthd
planned cruising speed was 10 m/s.

Measured object was the first tower from electrmalbstation.
Its height was 32m and 11m span of its cross artoszontal
distance to the nearest tower, and span of the ioe® was
120m.

A
i
I
¢
¥

Figure 12. Isometric view of transmission tower AU

Figure 13. Isometric view of transmission towerietdr

(Figure 12) and (Figure 13) show the identical &pta from
measurement in two methods, respectively high amdAGL
scanning, depicting difference in density of paiauds. On the
orthogonal view of the transmission tower (Figudg 1
difference in captured detail can be noticed. Thoaidt from
Lidar allows the location of the structure and sumdings

(Kwoczynska, B.; Dobek, J., 2016), and can also be used to
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measure cables (deflection measurement) (Matikainewet al.,
2016). In addition to the observed higher densftglouds on
the ground surface, the UAV cloud provides highpatisl
resolution on the object, where individual elemeons be
distinguished.

Figure 14. Orthogonal view of the transmission towe
(Left — Lidar, Right — UAV)

[ R o
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- . ..'.. 'l‘.:-:
Mot et 4

Figure 15. Horizontal cross-section of the truss
(Left — Lidar, Right — UAV)

Point clouds from Lidar and UAV were cut with a lzontal
section with a thickness of 20 cm. The resultingssrsections
are shown in Figure 15. The cross-section fromUhé&/ was
420 points, and from Lidar, 8 points. The differern density
was caused with geometry of the UAV flight, allogin
measurements from different sides and angles. Td&r lpoint
cloud does not give the possibility to recogniznants in this
case. In UAV cloud distinctly recognizable are tglielements
of the structure: wires, insulators and the comsimn of the
tower, truss of individual beams. (Figure 15) sh@est cloud
classified manually based on the visual recognition

Figure 16. Classification of the structural elememtdJAV
point cloud (conductors, isolators, truss)

4.2 Conclusions

The quality parameters of point clouds obtainedmfrboth
methods indicate the difference in possible apptica of
measurement methods. The key is to adjust the miesnal
choose the right one for the intended purpose.

Airborne Lidar is characterized by high efficiencit, is
performed for large areas, e.g. entire administatinits. It is
possible to plan mission adapted not only to serfac
measurements, but also corridors (roads, transsniggtwork)
(Yen, Kin S., et al., 2011). This is related to thpical
parameters of the aircraft - high speed, high ualét and
considerable range. The disadvantage of this swolutin
addition to high take-off costs and reaching theasneement
location, is the lower limit altitude, which is ause of the
limitation of the accuracy and density of the scEme minimum
altitude is limited due to the terrain denivelapreconomic
considerations and aviation law.

The use of UAV to carry the laser scanner bringsaiiborne
scanning features to terrestrial scanning. It coebihe field of
view of aerial measurements with measurements eloser

distance. This technology also has some limitatidhallows

you to adapt the survey to a specific object, bshart flight

time forces planning of multiple starts for largijects. In the
case of UAV scanning there is an opposite limitatito

airborne Lidar - UAV cannot rise too high to redube point
cloud density in order to cover a larger area \githgle scan.
This is the result of both the construction chaastics - range
and flight time, vulnerability to harsher atmospbeaonditions
at a higher level, and legal restrictions - in Rdlainmanned
flights are limited to 150 m above the ground stefdHowever,
with less effort than with terrestrial scanningjsitpossible to
quickly obtain a dense, internally consistent poaibud,

suitable, for example, for periodic monitoring bftcondition
of the structures under examination.
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5. DISCUSSION

The study involved data obtained using the samesanement
technology, made by the same manufacturer. The Iglobi
Scanning System - mounted on the UAV platformisiaiature
of systems mounted on manned aircraft. Apart frbgirtsize,
the geometry of the measurement also differs. Foéidew of
the airborne Lidar covers only small angle rangd #nis
pointed directly downwards, whereas UAV mountedakidan
take measurements of objects theoretically locaiedve the
scanner, which allow it to measure objects residtom other
methods. The scale of the measurement, focusedngte or
grouped objects at a short distance, allows adigstie plan of
the flight to best match the examined object.

Many factors influence the final measurement aagura
Trajectory and positioning errors, scanning erroengle and
distance measurements. The difference in distandeaange at
which the measurement is performed (about 5-10stismealler
distance in the case of UAV) affects both the valoé the
errors transmitted on objects surface and the alpag$olution
defined by the size of the laser beam footprint.

6. CONCLUSIONS

Low altitude scanners are miniaturised airborneipggent.
They have some lower parameters of range and pivarrtheir
counterparts. Despite this, due to closer locatbmeasured
objects and better suited geometry of measurenmehsaaller
beam footprint it can provide data of higher densitigger
spatial resolution and greater consistency of poiotid. This
method combines some advantages of aerial andtiéatdaser
scanning: unrivalled field of view with precisionagversatility,
mobility.

These features make this method proficient forinsaapping
and inspection of infrastructure objects.
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