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Abstract.. Dense 3D point clouds provided by terrestrial laser scanner (TLS) has demonstrated
significant reliability of TLS in landslide monitoring. However, existence of errors in
measurement is inevitable which eventually has decreased the quality of TLS data. To concretely
measure the capability of TLS in landslide monitoring, this study has performed two epoch
measurements using tacheometry (for benchmarking) and TLS (Topcon GLS-2000) at Kulim
Techno City, Kedah, Malaysia. Sixteen (16) artificial targets were well-distributed on the slope
to determine the accuracy of the employed TLS. Results obtained revealed that Topcon GLS-
2000 provides 0.006m of accuracy. However, the presence of high incidence angles in TLS
measurement has limited the capability to identify the significant displacement of the targets.

1. Introduction

Landslide is becoming common issue in worldwide and it can be defined as the deformation of a mass
of rock, debris, or earth down a slope. Landslide occurs when the strength of the earth material that
composes the slope has less forces than the gravity effect which eventually causes the down-slope
movement of soil and rock [1]. Currently, there are two approaches available for land slope monitoring
(figure 2), which are using geodetic or geotechnical [2] methods.

Tacheometry and global navigation satellite system (GNSS) methods can be considered as
established geodetic approach in deformation measurement and landslide monitoring. Taking into
account the accuracy in measurement, reliability of both methods have long been proven [3]-[6].
However, the precision (i.e. point density) provided from tacheometry and GNSS measurement is quite
limited. To resolve that limitation, several non-contact measurement techniques were introduced, which
are remote sensing [7], photogrammetry [8]-[9] and LiDAR [10]. With the capability to provide dense
three-dimensional (3D) data (according to resolution of sensor), these measurement techniques have
enabled surface to surface comparison assessment or often known as surface deviation analysis. This
kind of analysis can homogenously measure and identify the trend of movement that happened from
two differ measurement epochs.

Taking accuracy as first priority among those three approaches that able to provide dense 3D data
(i.e. remote sensing, photogrammetry and LiDAR), terrestrial laser scanner (static LIDAR) can be
considered as the best. With significantly less errors propagation in measurement and processing
procedures, terrestrial laser scanner (TLS) is also not dependent upon the lighting conditions and surface

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1


mailto:mohdazwan@perlis.uitm.edu.my

ICRMBEE 2019 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 385 (2019) 012042  doi:10.1088/1755-1315/385/1/012042

texture as well as able to provide direct, rapid and high-density 3D data compared to other approaches
[11]. However, TLS instruments are complex tools with many moving parts whose relative positions
can change over time depending on use, handling frequency and care. Furthermore, similar to other
optical sensors, observations from TLS is also can be impaired by numerous of errors especially from
local environment [11]. Thus, reliability of TLSs in slope monitoring is still remain questionable. For
that purpose, this study has robustly examined the accuracy of TLS data in landslide monitoring with
the aid of tacheometry measurement.

2. Terrestrial laser scanner measurement

In contrast to traditional 3D data acquisition approaches (i.e. tacheometry and photogrammetry),
terrestrial laser scanner is capable to rapidly acquire data without any requirement of direct contact to
the object and extensive processing procedure. Similar to reflectorless tacheometry, TLS did measure
three main components: 1) Range (r); ii) Horizontal direction (¢); and iii) Vertical angle (6). According
to Abbas et al. [12], there are three options employed by TLS in order to measure range: i) time-of-
flight; ii) phase shift; and iii) triangulation. While the other components were obtained based on the
scanner pre-determined axes.

To ensure TLS data are significant for further processing, most of the TLSs on-board software have
automatically convert raw TLSs data (i.e. spherical coordinate system) into Cartesian coordinate system.
However, raw data in spherical coordinate system is essential for this study to conduct least square
adjustment for TLS data. Conversion from Cartesian (Xa, Ya and Z) and spherical (range, horizontal
direction and vertical angle) coordinates system can be expressed as follows [12]:

Range, r=4/x4 +ya +74

Horizontal direction, ¢ = tan_l();—Aj €9)
A

Vertical angle, 0 =tan™| ——2A

[2 2
XatYa

3. Experiments

Due to the active slope movement that occurred as reported by Kedah state authorities, this study was
conducted at Kulim Techno City, Kedah, Malaysia. For benchmarking reason, as illustrated in figure 1,
sixteen (16) artificial targets were well-distributed over the land slope area. Other than TLS
measurement, this study also exploited conventional approach (i.e. reflectorless tacheometry) to
establish 3D known coordinates for each target. Based on the reference coordinates obtained from
tacheometry measurement, accuracy of TLS data can be mathematically determined.

For the tacheometry measurement, Topcon ES-105 with accuracy of 0.0014° and 2mm for angular
and range measurement, respectively was utilised to measure all the artificial targets. To secure the
accuracy yielded, triangulation observation technique was employed and least squares adjustment has
been entrusted to compute the most probable values of all targets along with their quality (i.e. precision).
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Figure 1. Research site located at Kulim Techno City, Kedah, Malaysia.

As depicted in figure 1, Topcon GLS-2000 scanner was used to scan all targets with the surface of
the land slope. According to the instrument specification sheet, this time-of-flight scanner able to
provide accuracies of 3.5mm and 0.0017° for range and angular measurements, respectively. It should
be noted that the accuracies mentioned above are based on single point measurement, if involves with
determination of target centroid procedure, the accuracy is theoretically decrease due to the error
propagation with other uncertainties during measurement phase.

4. Results and analyses

Assigned 0.0014° as precision for tacheometry angular measurement, least squares adjustment manage
to converge at third iteration. Reference standard deviation obtained from tacheometry observation is
0.0027°, which is equal to 2mm data quality for 50m range measurement. To evaluate the accuracy of
Topcon GLS-2000 scanner data acquisition, fifteen independent vectors were established from sixteen
(16) targets. Employing target BW111 as reference point, fifteen (15) vectors were obtained from both
tacheometry and scanner data as shown in table 1.

K-0,016m »

0.017m

Figure 2. Magnitude and direction of computed displacement vectors for both tacheometry and
TLS data.

Based on the computed vectors and with the aid of law of propagation of variance algorithm, it was
found that the accuracy of Topcon GLS-2000 scanner is 6mm. As expected, under 95% confidence
interval (two sigma), accuracy of the scanner as stated by manufacturer is 7mm. Depicted in figure 2 is
magnitudes and directions for all displacement vectors obtained from tacheometry and TLS
measurements. Through graphic evaluation, all displacement vectors have shown similar trend for both
measurement approaches except for target BW112. The uncertainty that occurred may be due to the
position of target which is quite close to the sensors location (refer figure 1). Thus, high incidence angle
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was expected to reduce the quality of measurement for targets that are near to the occupied sensors (e.g.
BW112, BW106 and BW110).

Table 1. Independent vectors for TLS accuracy assessment.

Vector Tacheometry (m) TLS (m) Discrepancies (m)
BW111 - BW101 23.427 23.424 0.003
BW111 - BW105 24.727 24.729 0.001
BW111 - BW106 21.174 21.177 0.003
BW111 - BW107 27.793 27.792 0.001
BW111 - BW108 14.607 14.610 0.003
BW111 - BW110 41.379 41.359 0.020
BW111 - BW101 20.624 20.622 0.002
BW111 - BW105 17.927 17.927 0.000
BW111 - BW112 9.783 9.786 0.003
BW111 - BW113 15.371 15.371 0.000
BW111 - BW114 20.113 20.110 0.003
BW111 - BW115 13.186 13.194 0.009
BW111 - BW116 9.013 9.012 0.002
BW111 - BW117 19.920 19.917 0.003

BW111 - BW118 16.417 16.415 0.002

5. Conclusions

The aim of this study is to examine the reliability of TLS measurement in slope monitoring. Robust
experiments were performed through vector deviation analysis to eventually conclude the capability of
TLS measurement. Sixteen (16) artificial targets were well-distributed on the land slope and measured
using tacheometry (for benchmarking) and TLS approaches. As claimed by manufacturer, with 95%
confidence interval, the experiment demonstrates that accuracy of Topcon GLS-2000 scanner is 0.006m.
However, the accuracy has been constrained by incidence angle when later experiment (deformation
analysis) has indicated that only 50% of the findings are similar to tacheometry output. It is essential to
reduce the existence of high incidence angle by properly selecting the position of the scanner.

Acknowledgement

Authors would like to thanks the Universiti Teknologi MARA for the funding of this research. Our
special thanks also goes to Photogrammetry and Laser Scanning Research Group, Universiti Teknologi
Malaysia for providing instruments and experimental site.

References

[1] Lynn M H and Peter B 2008 The Landslide Handbook - A Guide to Understanding Landslides
USGS Science for a Changing World, U.S. Geological Survey, Reston, Virginia: 2008

[2] Chowdhury R and Flentje P 2010 Geotechnical Analysis of Slopes and Landslides -
Achievements and Challenges Geologically Active, Proceedings of the 11th IAEG Congress of
the International Association of Engineering Geology and the Environment, Auckland, New
Zealand, 2010

[3] Josep A G Jordi C and Joan R 2000 Using Global Positioning System Techniques in
LandslideMonitoring Engineering Geology, Vol. 55, Issue 3: 167-192

[4] Malet J P Maquaire O and Calais E 2002 The use of Global Positioning System techniques for
the continuous monitoring of landslides: application to the Super-Sauze earthflow (Alpes-de-



ICRMBEE 2019 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 385 (2019) 012042  doi:10.1088/1755-1315/385/1/012042

[5]

Haute-Provence, France) Geomorphology, Vol. 43, Issues 1-2: 33-54
InTY Jae KP and Dong M K 2007 Monitoring the Symptoms of Landslide Using the Non-Prism
Total Station KSCE Journal of Civil Engineering, Vol. 11, Issue 6: 293-301

[6] Andreas W 2017 A New Approach for Geo-Monitoring Using Modern Total Stations and RGB

[7]

[8]

[9]

[10]

[11]

[12]

D Images Measurement, VVol. 82: 64-74

Mirzaee S Motagh M and Akbari B 2017 Landslide Monitoring Using Insar Time-Series and Gps
Observations, Case Study: Shabkola Landslide in Northern Iran. The International Archives of
the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-1/W1,
2017, ISPRS Hannover Workshop: HRIGI 17 — CMRT 17 — ISA 17 — EuroCOW 17, 6-9 June
2017, Hannover, Germany

Stumpf A Malet J P Allemand P Pierrot-Deseilligny M and Skupinski G 2015 Ground-Based
Multi-View Photogrammetry for The Monitoring of Landslide Deformation and Erosion
Geomorphology, Vol. 231: 130-145

Peppa M V Mills J P Moore P Miller P E and Chambers J E 2016 Accuracy Assessment of A
UAV-Based Landslide Monitoring System. ISPRS - International Archives of the
Photogrammetry, Remote Sensing and Spatial Information Sciences, XLI-B5: 895-902

Malet J P Ferhat G Ulrich P Boetzlé P and Travelletti J 2016 The French National Landslide
Observatory OMIV — Monitoring Surface Displacement Using Permanent GNSS,
Photogrammetric Cameras and Terrestrial Lidar for Understanding the Landslide Mechanisms
Joint International Symposium on Deformation Monitoring (JISDM), Vienna University of
Technology, Vienna, Austria

Reshetyuk Y 2009 Self-Calibration and Direct Georeferencing in Terrestrial Laser Scanning
Doctoral Thesis in Infrastructure, Royal Institute of Technology (KTH), Stockholm, Sweden
Abbas M A Luh L C Setan H Majid Z Chong A K Aspuri A Idris K M and Mohd Ariff M F 2014
Terrestrial Laser Scanners Pre-Processing: Registration and Georeferencing. Jurnal Teknologi
(Sciences & Engineering) 71:4 (2014) 115-122



