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ACCURACY INVESTIGATION OF POINT CLOUDSWITH
FARO FOCUS 3D S120 TERRESTRIAL LASER SCANNER

Aim. Terrestrid laser scanning is a powerful method for collecting spatial data. This method of remote sensing alows
fast, non-contact and precise measurement of objects. Terredtrial laser scanning systems deliver 3D coordinates and the
power of the backscattered laser scan signa of each point which registered it as an intensity value. Intensity values are
affected by the characteritic of the measured object and the parameters of the environment. The backscattered
electromagnetic signd isinfluenced in its srength by the reflectivity of the scanned object surface, the incidence angle, the
distance between laser scanner and object and the atmospheric respectively system specific setting of the TLS
measurement. Since details about system internal ateration of the signal are often unknown to the user, modd driven
approaches are impractical. On the other hand, existing data driven cdibration procedures require laborious acquisition of
separate reference datasets or areas of homogenous reflection characteristics from the field data. Therefore, the impact of
qualitative and quantitative characteristics of the scanning object for accuracy investigation of point clouds with the Faro
Focus 3D S120 terredtrial laser scanner isthe aim of work. M ethods. According to the tasks, an experiment was performed,
which was to investigation the point clouds: density, interva between points, and intensity changes with distance and color
of the scanning object. Faro Focus 3D S120 terrestrial laser scanner was used for the research. As a specid test target was
chosen a polished glass plate with size 30 cm x 30 cm, which was twice covered with an aerosol with white matte paint
with areflectivity of about 80% on one side of the target and black matte paint with a reflectivity of about 20 % on the other
side of the target. To perform the experimental work, the test target was mounted on atripod using a deeve that attaches to
the target. The target was placed on the white side at a distance of 0.6 m from the terrestrial laser scanner and was scanned.
Then the target was turned to the black side and the scanning was repeated. The measurements were repeated at distances of
1.5m, 3 m, 5mand 10m. Our test data covers 10 terrestrial scans. The intensity values were exported from the point clouds
usng Faro SCENE software. Results. The results of the experimental work were considered for the fragments of point
clouds of black and white sides of the test target (the size of the fragment is 15x15 points). The distribution of point clouds
inthe YX and YZ planes of the upper left and center fragments of the white and black sides of the targets, the intensity of
thereflected signal and the standard deviation of the intensity vaues were analyzed. Scientific novelty. The influence of the
qualitative and quantitative characterigtics of the scanning object on the accuracy of point clouds construction with the Faro
Focus 3D S120 laser scanner is presented and analyzed. Practical significance. The study will optimize the choice of
terrestrial laser scanning settings based on the properties of the object and the scanning distance.
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significantly complicates the cdibration procedure.
Scanner modedls differ in function, so there is gill no
single approach to laser scanner calibration models
and techniques. The most famous are the works of
D. D. Lichti, Y. Reshetyuk, and T. Schultz, which
summarize these models.

Cdlibration of scanners is impossible without
the use of special high-precision equipment. Since
details about system internal alteration of the signal
are often unknown to the user, model driven

I ntroduction

Terrestrial laser scanning (TLS) is one of the
most effective methods of providing high-precision
and dense point clouds that can be used to measure
Earth's objects, monitor deformations, construct
three-dimensional spatial models, and solve other
problemsin Earth science [Shan, & Toth, 2018].

This method of remote sensing alows fadt,
non-contact, and precise measurement of objects
and allows to immediately receive information

about the object as a point cloud, which increases
accuracy [Soudarissanane, 2016].

The operating principle of laser scanner, which is
to measure not a single point but a point of clouds,

approaches are impractical [Tan, et a., 2018]. On
the other hand, existing data driven caibration
procedures require laborious acquisition of separate
reference datasets or areas of homogenous
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reflection characteristics from the field data. Let's
consider and analyze the sources of terrestrial laser
scanning error.

The erors in TLS measurements can be
subdivided into the following groups [Staiger,
2005]: instrumental, object-related, environmental
and methodological errors. Instrumental errors
have both systematic and random influences and
depend on the internal construction of the scanner.
Since the terrestrial laser scanner consists of two
blocks, the errors are respectively divided into the
errors of the angular and range blocks.

The main source of object-related errors is
caused by the properties of the scanning object.
TLS is a reflectorless surveying technique,
subsequently reflectance of the object surfaceis the
first and foremost source of these errors.

Reflectance may be defined as the ratio
between reflected and incident laser power
[Reshetyuk, 2009]. It is the function of the
following factors: material properties of the object
(electric permittivity, magnetic permeability and
conductivity), the wavelength of the laser,
incidence angle of the laser beam, color, roughness,
temperature, and moisture of the surface.
Obviously, surfaces with high reflectance give
more reliable and precise range measurements than
those with low reflectance, due to the fact that a
larger portion of the laser energy is reflected back
to the sensor [Jaefar, et a., 2018].

Environmental impact is related with ambient
temperature, pressure, relative humidity, lighting,
vibration, etc.

Georeferencing errors are occurr as uncorrected
scanning parameters, errors in scanner station and
control targets (spheres) coordinate determining,
and processing (registration) of scan data.

Though most manufacturers are providing
technical information about its laser scanners, it is
recommended that experiments be performed to
verify the quality of the data [Pesci, et al., 2011].
Let's take a closer look at existing studies of the
effects of errorsin terrestrial laser scanning.

An anaysis of the current state, technica
capabilities of terrestrial laser scanning and
exigting calibration techniques of a terrestrial laser
scanner is considered in [Shults, & Sossa, 2015].
The concept of system calibration of terrestria
laser scanners and the basic mathematical model
used for calibration are described. An example of
solving one of the methodological problems that

arise in calibration, namely the determination of the
model of the scanner errors was presented. The
authors note that the MSE was consistent with the
accuracy clamed by the laser scanner
manufacturers. However, information about the
tested terrestrial laser scanner was not presented.

The results of quantitative analysis of the
impact of errors of a terrestrial laser scanner for
monitoring purposes are proposed in the
publication [Jaafar et al., 2018]. The authors
conducted experimental investigations of Leica
ScanStation P20 and P40 laser scanners in the
laboratory, in order to minimize the effects of
atmospheric conditions errors. Accordingly, to
reduce the errors associated with the scanning
object, it is recommended to select a flat white
surface. As the authors note, the average error is
better than the accuracy of the point coordinates
published by the manufacturer, on the other hand,
the maximum error is much larger than expected
and reaches 5 cm. It should be noted that the
discrepancy between the point clouds is obvious.
Also, the presentation of unambiguous conclusions
will be complicated by the lack of ability to
compare results across distances.

The Zoller + Frohlich Imager 5003 3D laser
scanner was used in [Schulz & Ingensand, 2004,
Ingensand, 2006]. Researchers have found that the
greatest impact on accuracy is incidence angle and
color of surface. In addition, it was found that the
noise level is increased in direct proportion to the
scanning range. It should be noted that the authors
developed a method of noise reduction by
processing the data in the origina polar coordinate
system of the scanner.

The accuracy investigation of TLS systems is
proposed in [Mechdke, et a., 2007]. Several
terrestrial laser scanners such as the Trimble GX,
Mens GS100 / 200, Leica ScanStation, Z + F
IMAGER 5006 and Faro LS880 HE have been
compared. The test demonstrated that the point
clouds of the impulse scanner had a systematic
offset of up to + 6 mm. The accurecy tests of
distance measurements in comparison to reference
distances showed clearly that the results met the
accuracy specification of the manufacturer, although
the accuracy is dightly different for each instrument.

The influence of the incidence angle on 3D
accuracy can be neglected for time-of-flight scanners,
while phase difference scanners show significant
deviations, if the incidence angle isless than 45°. The
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accuracy is aso not influenced by the spot size of the
laser with respect to the incidence angle. In the
investigations into the influence of object color on the
quality of laser distance measurements it could be
shown that the Faro and Trimble scanners show
dgnificant effects of some object colors on the
accuracy of the scanning distance. All investigations
showed clearly that the used scanners are dill
influenced by instrumenta errors, which might be
reduced by instrument calibration.

The studies [Tan, et d., 2015; Sun, et d., 2017;
Tan, et d., 2018] present a method for correcting the
distance measurement errors caused by target
reflections. Eight representative targets with different
meaterials and surface characteristics were scanned by
the Faro Focus3D 120. Considering incidence angle,
disance and object characteristics individualy is
infeasible for moddling the distance errors. Therefore,
the use of the intensity value is proposed for
modeling the distance errors. Priori information about
the reflectance of the scanned target, scanning
geometry, and instrument mechanism is not required.
The authors note that the distance measurement
accuracy can be improved after establishing the
function between intensity and distance errors. Also,
authors consider that distance errors larger than 5 mm
are caused by specular reflections.

Only the acquisition configuration and the
target surface properties must be considered for the
compensation of distance measurement errors
because the atmospheric conditions near the
surface of the Earth are relatively stable and the
instrument mechanism is usually unchanged during
one campaign, as shown in [Soudarissanane, et a.,
2011]. The effects of incidence angle and distance
on distance measurement accuracy have been
extensively studied, whereas research about
distance measurement errors caused by target
properties is relatively rare. The distance errors
caused by the properties of rough and dull surfaces
usually measure a few millimeters. However, these
errors can significantly increase to the centimeter
and even decimeter levels for smooth surfaces
(water, fresh ice, metal, porcelain, and plastic)
because diffuse and specular reflections exist in all-
natural surfaces and the type of reflection affects
the direction and strength of backscattered light
[Voegtle, & Wakaluk, 2009].

There are severd suggestions to minimize
terrestriadl  laser  scanning  errors that can  be
summarized with the assumption that the instruments

are cdibrated. Instrumental errors may be reduced by
using the instrument with small beam divergence, a
smal footprint, higher angular precison, an axis
compensator, setting up the ingrument as near to
objects as possible, outliers remova based on
median filter, and by manual editing.

Object-related errors may be minimized by
avoiding mirror, high reflective objects and
scanning with a high incidence angle, using the
instrument with a shorter wavelength, and
removing by manual editing.

Environmental errors may be reduced by
avoiding to scan hot objects, increasing scanner
temperature (from external sources or long working
hours), using instruments with optical interference
filters, configuration of instrument for correct
ambient temperature, atmospheric pressure, and
humidity, mounting instrument on a stable
platform, preventing any motion obstacles during
scanning, and removing by manual editing.

Methodological errors may be minimized by
using a sampling interval equa to 86% of
footprint, the target-based registration, direct
georeferencing if accurate control points exist, a
threshold of a maximum incidence angle of 65°,
and set up instrument in suitable location.

Aim

Teredrid laser scanning systems ddiver 3D
coordinates and power of the backscattered laser scan
signd of each point which registered it as an intengity
value. Theintendty is usualy used as an attribute for
redistic visudization of point clouds. However, this
vaue has much greater potentiad, which is
increasingly being used for more complex tasks such
asidentification and classification of data.

Intensity values are affected by the charac-
teristics of the measured object and the parameters
of the environment. The backscattered electro-
magnetic signal is influenced in his strength by the
reflectivity of the scanned object surface, the
incidence angle, the distance between laser scanner
and object, and the atmospheric respectively
system specific setting of the TL S-measurement.

Since details about system internal dteration of
the sgnal are often unknown to the user, mode
driven approaches are impractical. On the other hand,
exiging data driven cdibration procedures require
laborious acquisition of separate reference datasets or
areas of homogenous reflection characteristics from
the field data. Therefore, it is necessary to investigate
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the impact properties of the object scanning for
accuracy of TLS point clouds.

M ethod

According to the assigned task an experiment was
implemented, which consisted of invedtigating the
point clouds dengty, interva between points, intensity
changes with distance, and the color of the scanning
object.

Terredrid lasr scanning was performed in labora:
tory conditionswith stable environmentd parameters.

Also, it should be noted that the incidence angle was
closeto zero, its effect isnot investigated in thiswork.

Faro Focus 3D S120 Terrestrid Laser Scanner
(serid number LL S061 101314) with awavelength of
905 nm was used for the research, which represents
geometric information and the intengity of the returned
signa, recorded in 11 bits [0 — 2048] [FARO Laser
Scanner Focus 3D Manud, 2013] (Table 1).

Table 1
Faro Focus 3D S120 Technical Specifications

Ranging unit

153.49m
0.6 m— 120 mindoor or
outdoor with low ambient
light and normal incidenceto a
90 % reflective surface

Unambiguity interval:

Range:

Measurement
speed:

122.000 / 244.000 / 488.000 /
976.000 points/sec

Ranging error:

+2 mmat 10 mand 25 m, each
at 90 % and 10 % reflectivity

Ranging noise:

10m

—raw data: 0.6 mm—90 %
refl., 1.2 mm— 10 % refl.

— noise compressed: 0.3 mm—
90 % refl., 0.6 mm—10 % refl.

25m

—raw data: 0.95 mm—90 %
refl., 2.2 mm— 10 % refl.
—noise compressed: (0.5 mm =
=90 % refl.,1.1mm -10 % refl.

Deflection unit

Vertical/Horizontal

. o 300°/360°
field of view:
Vertical/Horizontal | 0.009° (40,960 3D pixelson
step size: 360°)

Max. vertical scan
speed:

5.820 rpm or 97 Hz

Laser (Optical transmitter)

Laser power (cwQ):

20 mW (Laser class 3R)

Wavelength:

905 nm

Beam divergence:

Typical 0.19 mrad (0.011°)

Beam diameter a
exit:

3.0 mm, circular

A special test target was created to perform the
experimental work (Fig. 1).

Fig. 1. Test target

To create the test target, a polished glass plate
with size 30x30 cm, which was twice covered with
an aerosol with white matte paint with a reflectivity of
about 80 % on one side of the target and black matte
paint with a reflectivity of about 20 % reflectivity on
the other side of the target. In this case, the coating
thickness does not exceed 2—3 microns and will not
affect the accuracy of the measurements.

To peform the experimenta work, the test
target was mounted on a tripod using a sleeve that
attaches to the target. The target was placed on the
white side at a distance of 0.6 m from the terrestria
laser scanner and scanned. Then the target was
turned to the black side and the scanning was
repeated. The measurements were repeated at
distancesof 1.5m, 3 m, 5m, 10 m (Table 2).

Table 2
M easur ement setup
Distance, m Interval, ° Interval, mm
0.6 0.1
15 0.3
3 0.009 0.6
5 0.8
10 15

The test data covers 10 terrestriad scans
captured with a FARO Focus 3D S120 scanner.
The intensity values were exported from the point
clouds using Faro SCENE software.

Results
The distribution of point clouds of the upper
left and center fragments (15x15 points) for each
scan were analyzed to evaluate the study results.



Geodesy, cartography and aerial photography. Issue 90, 2019 45

The mean squared errors (MSE) of the Y and Z
coordinates are presented in Table 3.
Table 3

TheMSE of Y and Z coordinates
Distance 0.6, m 1.5 m 3,m

Target | my, | My, my, mg, my, | Mg
color mm mm mm mm mm mm

White | 04 | 0.1 0.5 0.2 1.0 0.1
Black 07 | 01 0.7 0.2 1.7 0.1
Distance 5 m 10, m

Target rnYl rnZi n1Y| rnZl
color mm | mm mm mm

White | 1.9 | 0.1 41 0.2
Black | 21 | 0.2 4.9 0.6

The graphs of the distribution of the centra
fragments of point cloudsin the YX and YZ planes
for the white and black sides of the target are
presented in Fig. 2—7.

b

Fig. 2. Distribution of the central fragment of the point
cloud of the white side of the target in the planes YX (a)
and YZ (b) with a scan distance of 0.6 m

Analyzing the results of the experimental
work (Fig. 2-7), can conclude that heterogeneity
of point cloud density is the most obvious at a
distance between the scanning object and the
scanner at 0.6 m. The situation is improving with
the increase of distance, however, the scanning
step does not meet the planning for fragments of
point cloud of the black side of the test target at a
distance of 10 m.

Asfor the intensity values, the greatest power
of the returned signal is observed for scanning
distance of 0.6 mand 5 m (Fig. 8).

Fig. 9 shows the distribution of the standard
deviation of the intensity with change in
distance.

b

Fig. 3. Distribution of the central fragment
of the point cloud of the black side of the
target in the planes YX (a) and YZ (b) with
a scan distance of 0.6 m
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b

Fig. 4. Distribution of the central fragment
of the point cloud of the white side of the
target in the planes YX (a) and YZ (b) with a scan
distanceof 5m

As can be seen from the Fig. 9, the standard
deviation values are greatest for a distance of
3 m. It is aso obvious that the values for the
white surface of the target are much smaller.
This indicates the homogeneity of the intensity
of the returned signal for the white surface of the
target.

Scientific novety and practical
significance
The influence of the qualitative and quan-
titative characteristics of the scanning object on the
accuracy of point clouds construction with the Faro
Focus 3D S120 terrestrial laser scanner is presented
and analyzed. The results of research will optimize

the choice of terrestrial laser scanning settings
based on the properties of the object and the
scanning distance.

Publication is funded by the Polish National
Agency for Academic Exchange under
the International Academic Partnerships
Programme from the project “Organization
of the 9th International Scientific and
Technical Conference entitled Environmental
Engineering, Photogrammetry, Geoinformatics —
Modern  Technologies and  Development
Perspectives’.

Fig. 5. Distribution of the central fragment of the point
cloud of the black side of the target in the planes YX (a)
and YZ (b) with a scan distance of 5m
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b

Fig. 6. Distribution of the central
fragment of the point cloud of the white side
of the target in the planes YX (a) and YZ (b)

with a scan distance of 10 m

Conclusions

1. According to the results of the expe-
rimental work, the heterogeneity of the point cloud
density for a scan distance of 0.6 mis obvious.

2. The highest values of intensity are recorded
for scanning distances of 0.6 mand 5 m.

3. Theaverage value of the standard deviation
of intensity for the white surface of the target is4.9

and for the black — 9.8. This indicates that the
homogeneity of laser intensity values is higher for
the white surface of the target.
4. In the investigated range, maximum ac-
curacy can be obtained for a scan distance of 5 m.
5. In future, it is planned to carry out similar
field studies and increase the scanning range.

b

Fig. 7. Distribution of the central fragment
of the point cloud of the black side of the
target in the planes YX (a) and YZ (b) with a scan
distance of 10 m
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JOCIHIIPKEHHA TOYHOCTI XMAPU TOYOK METOAOM
HA3EMHOTI'O JTIABEPHOI'O CKAHYBAHHA

BukoHaHO EKCIICPHMEHT, SIKHH TOJATaB Y JOCTIPKCHHI XMap TOYOK, a caMe iX MIUTBHOCTI, IHTepBally MiXK TOUYKaMH,
3MIH 1HTEHCHBHOCTI 3aJICKHO BiJl 3MIHM BiJICTaHi Ta KOJBOPY MOBEPXHI CKaHyBaHHA. JIJIs IOCIIHKEHb BHKOPHCTAHO
Ha3eMHUH nasepHuit ckanep Faro Focus 3D S120. Sk TectoBy MapKy oOpaHO ILTi(hOBaHY CKISHY IUIATIBKY PO3MIpOM
30%30 cM, siKy OyI10 JBidi HOKPUTO aepo30JieM i3 OLI0r0 MaToBOKO (hapOoro 3 BimOMBHOKO 3aTHICTIO Om3bKo 80 % 3 omHiel
CTOPOHHM MapK{ Ta YOPHOI MaTroBOw (ap0Ooro 3 BiAOHBHOM 3aaTHicTIO OiH3bk0 20 % 3 iHIIOI cTOpoHH Mapku. [Ijis
BUKOHAHHSI €KCIIEPUMEHTAIILHUX POOIT TECTOBY MapKy BCTAHOBIIIOBAJIM HA ITI/ICTABKY ILTATUBA 32 IOTIOMOTOIO BTYJIKH, SIKa
KpIMUTHCS 10 MapKu. MapKy po3TaiioByBalli OUIOK CTOPOHOIO Ha BifcTai 0,6 M BiJ Ha3eMHOTO JIa3epHOTO CKaHepa Ta
BUKOHYBAJIM CKaHyBaHHA. lloTiM Mapky oOepTali HYOpPHOIO CTOPOHOIO Ta IIOBTOPIOBAIM CKaHyBaHHA. BumMipu
MOBTOPIOBaIM Ha BifcTansax 1,5 M, 3 M, 5M, 10 m. 3aranom orpumano 10 ckaHiB. 3HaAYCHHS IHTCHCHMBHOCTI €KCIIOPTOBAHO 3
XMapy TOYOK 3a JOMOMOTOK CTaHJApTHOTrO mporpamuoro 3abdesneucHus Faro SCENE. [lnst omiHroBaHHS pe3yiibTaTiB
JIOCITIDKEHHS MPOaHaTi30BaHO rpadiku po3moairy xMap Todok y mionmHax Y X Ta Y Z (hparMeHTiB 01101 Ta YOpHOI CTOPiH
MapoK, IHTEHCHBHOCTI BiIOMTOTO Ja3epHOTO BHUIPOMIHIOBAHHS Ta CTAaHJAPTHE BINXWJICHHS 3HAYCHb IHTCHCHBHOCTI.
Ionano Ta mpoaHaTi30BaHO BIUIMB SIKICHO-KUTHKICHUX XapaKTEPUCTHK 00’ €KTa CKaHyBaHHS Ha TOYHICTH MOOYIOBH XMap
TOYOK Ha3eMHHUM J1a3epHUM ckaHepoM Faro Focus 3D S120.

Knrouogi crosa: HazeMHUI Ta3epHUNA CKaHEp, XMapa TOYOK, BIIOUTTS, IHTCHCHUBHICTB.
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