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ABSTRACT:

Biophysical conditions, the lack of governance and the weak applications of planning and territorial planning policies are aggravating
factors of affections caused by natural disasters in Latin America. In Ecuador, landslides have caused not only material but also human
losses, which shows the lack of immediate actions to avoid human settlements in risk areas or more controlled evacuations protocols, in
case of early detection of risk areas due to this type of events. This article is part of an applied research project for the City of Cuenca
allowing to take advantage of the information provided by citizens with a PPGIS. Furthermore, remote sensor images are analyzed, in
order to identify in a semi-automated way, risk areas due to mass movements problems. Two approaches for semi-automated detecting
areas where mass movements happen have been explored, i) Temporal images obtained by a LIiDAR; and ii) Temporary images
obtained by flights of an unmanned aerial vehicle, UAV. This paper present the procedure followed by comparison of image outcomes.
The resulting analysis clearly presents the applicability of the two techniques thus allowing the determination of maps and early

detection of landslides.

1. INTRODUCTION

Biophysical conditions, lack of governance, weak planning and
territorial policies, among others, are aggravating causes for
suitable managing events caused by natural disasters in Latin
America. In the case of Ecuador, landslides have caused not only
material but also human losses, which shows that land
management still owes society guarantees for the correct use and
occupation of the territory; in this scenario, this research focuses
on studying aspects related to landslides evolution.

A landslide is the movement downhill of a soil or rock mass that
occurs predominantly on well-defined breaking surfaces or on
relatively narrow areas of intense shear (Cruden & Varnes,
1996). Landslides are highly destructive geological processes
that affect humans and causing thousands of deaths and property
damage, amounting to tens of billions of dollars each year
(Brabb & Harrod, 1989).

Landslide monitoring can be performed by terrestrial geodesic
techniques such as total stations, leveling and theodolites;
satellite techniques with GPS; Geotechnical methods such as the
extensometer; terrestrial photogrammetry (Travelletti et al.,
2012), Unmanned Aerial Vehicles (UAV) (Dewitte et al., 2008);
Satellite images (Behling & Roessner, 2017) among many other
alternatives. The detection of landslides over the big areas is a
major problem and such study demands economic and human
resources and long measurement periods, taking usually weeks or
months. Additionally, the changing climatic conditions in recent
times produce morphologic variations, for example, due to
accelerated precipitation. In Ecuador, there are severe problems
caused by heavy rains resulting into landslides. Therefore, it is
necessary to look for solutions to improve the process of
detection of risk areas of mass movements.

A project, entitled as "Spatial Data Infrastructure geo-processing
for landslide vulnerability assessment and territorial planning”,
was developed at the University of Cuenca. As a first step
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involved citizens through PPGIS links in order to speeding up the
process of capturing crucial information on landslides. The
second step deals with, the necessary measurement by not-
traditional technique such as UAV. This paper focuses on the use
of UAVs for identifying landslide zones.

Two approaches have been explored, i) the use of LIDAR with
long processing time for obtaining temporal images for a small
area (section 2.1); ii) and UAVs with short processing time, for
obtaining the temporary images (section 2.2). The paper includes
a comparison between these approaches, conclusions and future
works.

2. METHODS
2.1 LIiDAR point cloud generation.

The characteristics of LIDAR and UAV information processing
equipment are as follow: Intel (R) Xeon (R), CPU ES-2640 v2
@ 2.00 GHz., 12 threads, 16.0 GB of RAM, Windows 10 pro,
64 bits, graphics card NVIDIA GPU, Quadro K2000 (Driver:
23.21.13.8816); FARO 3D X130 terrestrial laser scanner (Light
Detection and Ranging) with a range of 130 m. and an accuracy
of + 2 mm. Laser scanner deliver convenient results over instable
areas, and it is ideal for studding landslides (Revuelto et al.,
2013).

In order to generate the point cloud, 23 survey were undertaken
of which, 15 on December 6, 2017 (Upper zone) and 8 on
December 7, 2017 (Lower zone).

The study area was determined with the help of PPGIS. Figure 1
shows the study area with a size 10 hectares. This zone is located
in the Ecuadorian highlands (2° 55 '65 "S, 79° 00' 05" W,
elevation around 2530 m) with cloudiness conditions and winds
that oscillate around 10 m/ s.
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Figure 1. Study area, Cuenca - Ecuador. Distribution of scan
zones

211 LiDAR processing. FARO SCENE © was the
processing software for the point cloud. Figure 2 illustrates a
common processing screen, typical of the LIDAR technology, in
which each of survey links by means of target correspondences
associated with small spheres of 0.0698 cm radius and large
spheres of 0.12335 cm radius. In addition, for the case of spheres
with large errors, reference planes were used. Each pair of
continuous scans had a minimum of 3 correspondence points
(Barbarella & Fiani, 2013).
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Figure 2. Union of point clouds of LiDAR using the FARO
SCENE Software.

Fil: 5573, Cok 9565 170.86" 5.

Due to the high number of points obtained from LiDAR, it was
necessary to set up a simplification process by means of Octree
function from Cloud Compare © allowing to reduced the quality
of point clouds to a quarter of its size.

Table 1 presents the average processing times of the executed
processes.

Table 1. Average processing times using LiDAR software.

Process Average time

Individual import of point cloud. 2 min

Individual load of point cloud. 5 min

Individual coloring of scans 5 min

Forcing of correspondences for 10 min
each pair of point cloud by the

user

Exporting joined point clouds. 45 min

Saved of the project 45 min

Individual simplification of point 30 min

cloud (upper and lower)
Point clouds alignment 2 hours
(upper and lower)

2.1.2 Errors obtained in LiDAR processing. The errors
obtained in the point clouds alignment (of the fifteen surveys on
December 6, located in the upper area) had a maximum error of
6.7 mm between scans, when joining a plane 4 in the 005 and
003 scans. The average error was 0.5 mm with a deviation of 1
mm.

The errors obtained in the point clouds alignment (of the eight
surveys on December 7, located in the lower area) had a
maximum error of 7.4 mm between scans, when joining a sphere
3 in the 030 and 035 scans. The average error was 1.2 mm with a
deviation of 1.7 mm.

2.1.3  Point clouds alignment (Upper and lower zones).
From the generation process described in 2.2, two different point
clouds were obtained with an intermediate zone in between,
which help to join both point clouds. The point clouds were
joined using CloudCompare with 5 uniformly distributed
common points.

The 5 points were placed in the following way: One on a pole
(A0 and R0), one on a sign (Al and R1), two on the railing of the
Cuenca Azogues highway (A2 and R2, A3 and R3) and one on a
fixed object (A4 and R4). The errors obtained in this alignment
had a maximum error of 5 mm in points A4 and R4, as shown in
Figure 3. The point cloud that resulted from this alignment was
used for the comparison study (LiDAR - UAV).

2.2 Generation of point clouds using UAV

The equipment for processing the UAV images was the eBee®
RTK - SenseFly® with GNSS antenna and RTK capability,
allowing real-time corrections. This equipment allows obtaining
orthomosaics, point clouds and digital elevation model (DEM)
with an accuracy of 3 cm, in good weather conditions, or up to 8
c¢m in low light and wind conditions (Roze, Zufferey, Beyeler, &
McClellan, 2014).

UAV images processing steps are: images selection for the
program, camera calibrating, finding homologous points, and
identification points over terrain. For this case, the UAV already
made geo-referencing and corrections in real time, triangulations
to better adjust the image, reconstructing the images using
points, generating point cloud, orthophotos and DEM (Nufiez
Calleja, 2016).
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Figure 3 Error values in the alignment of the upper and lower
zones for the study area

2.2.1  Point cloud from February 2, 2018. The processing of
the point cloud was executed with Pix4D®. Table 2 shows the
steps taken, with the corresponding information.

Table 2. Processing of UAV images, from February 2, 2018.

Uncedanty etipees 100x magnied

25 222 444 666 888 1111 1333 1555 1777 2000

Nurnter of matches

Figure 4. Approved points and camera uncertainty of the point
cloud (Feb 2, 18)

Process Description
Resolution (Average Ground 45cm A
Sampling Distance GSD) Table 4. Processing times (02-feb-18)
Images used 396 de 397 Process Average time
Re-projection average error 0.197m Initial processing 1h:5min:28s
Average number of key points 48120 Point cloud densification 2h:28:40s
per image (2D) 3D mesh generation 41min:38s
Average number of key points 10212 Generation of DMS 5h:29min:46s
matched per image (2D) Generation of orthomosaics 1h:42min:43s

The distribution of the 2D correspondences is illustrated in
Figure 4. The errors in the processing of UAV images are
presented in Table 3.

Table 3. Geolocation errors, point cloud from Feb 20, 18.

2.2.2 Point cloud from June 20, 2018. Normally, the rainy
season in the city of Cuenca is from January to June. For this
study, another flight was carried out in the month of June, to
make a comparison of images and determine the possibility of
using them to detect areas that have suffered mass movements.

Geolocation | Geolocation | Geolocation . .
errror X(%) | errror Y(%) | errror Z(%) Table 5. Processing of UAV images (Jun 20, 18)
Mean [m] 0.022192 -0.017020 -0.058113 Process Description
Sigma [m] 0.573481 0.516043 0.731767 Resolucion (Average Ground 4.55cm
RMS Error (m) | 0.573910 0.516324 0.734071 Sampling Distance GSD)
Images used 370 de 376
Once the points have been georeferenced and oriented, point Re-projection average error 0.242m
clouds were generated. Additional processes were described in Average number of key points 62798
Table 4, where processing times are also shown. Therefore, it is per image (2D)
possible to determine the speed to achieve a complete processing Average number of key points 13608
in the implementation of this methodology, as a possible solution matched per image (2D)

of semi-automated generation of vulnerability maps.

Figure 5 depicts the distribution of the 2D correspondences and
Table 6 shows the errors in the processing of the UAV images.
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Figure 5. Approved points and camera uncertainty of the point
cloud (Jun 20, 18)

Table 6. Geolocation errors, point cloud from Jun 20,18

Geolocation | Geolocation | Geolocation

error X(%) error Y (%) error Z(%)

Mean [m] 0.007755 -0.004583 0.004504
Sigma [m] 0.453180 0.360344 0.594581
RMS Error (m) 0.453246 0.360374 0.594598

The processing time of this point cloud is included in Table 7.

Table 7. Processing times, UAV images from Jun 20, 18

Process Average time
Initial processing 1h:50min:8s
Point cloud densification 14h:50min:00s
3D mesh generation 1h:33min:3s

3. POINT CLOUDS REFERENCING

Once processed the clouds of time points, both LiDAR and
UAV, the work consists of looking for differences existing
between the profiles chosen within the study area. To achieve
this, the following two steps are proposed: a) reference the two
images based on reference points; b) compare two profiles (cuts)
of the point cloud.

The point clouds alignment, taken in the dates to be compared,
was carried out, so that all points were georeferenced according
to the same reference, with an acceptable error. The
CloudCompare tool was used to align two clouds of points with
equivalent points; for this, at least three fixed points, equivalent
in both clouds, had to be selected. ("CloudCompare - Open
Source project”, s.f.).

It is necessary to mention that the study area has been suffering
several mass movements since the construction of a highway that
crosses through it. Figure 6 shows the highway that divides the
study area into two parts. The northern zone (top of the photo) at
an altitude of 2520 m (+ 10m) above sea level, and the southern
zone (bottom of the photo) at an altitude of 2600m (+ 25m).

- Down profile ——Up profile —— Study zone
Figure 6 Study zone. Location of profiles UP, DOWN.

3.1 Geo-referencing LIiDAR (Dec 06, 17)-UAV (Feb 02, 18)

To perform the referencing, five points located in the upper
corners of different premises were taken. Four of them located in
the upper part of the escarpment, an area in which there are no
movements, and the other point located in the corner of a
building, where mass movement produces displacements in the
field. Figure 7 illustrate the location map of the selected points.

Figure 7. Map of the selected geo-referencing points.

The alignment of these points produced a maximum error of 3.5
cm at the point A3 - R3, located in the southwest area, and a
minimum of 5 mm in the central area. Considering itself
acceptable since the accuracy of the UAV is 3 cm. Figure 8
depicts the geo-referencing errors associated with the Lidar-UAV
images.
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Figure 8. Geo-referencing errors, Lidar — UAV.

3.2 Geo-referencing UAV Feb 02, 18 — UAV Jun 20, 18.

The same process was performed, with the point clouds of the
temporary images of the UAV, using five points evenly
distributed, as illustrated in Figure 9.

Figure 9. Reference points locations UAV — UAV.

In this alignment, a maximum error of 3.7 cm was obtained in the
Al - R1 point, close to the highway, towards the northwest of the
zone, and a minimum error of 52 mm in A2 - R2, to the
southeast of the studied area. Geo-referencing errors of the
UAV-UAYV images are summarized in Figure 10.

Table 8 summarizes the processing times for the point clouds
before comparison, using the equipment described above.
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Figure 10. Geo-referencing errors, UAV — UAV.

Table 8. Processing times for geo-referencing of point
clouds

Process Average time
Location of equivalent points in 1 hour
each cloud
Individual alignment of point 15 min
clouds

Once completed the point clouds alignments, it was possible to
extract the profiles proposed for the study and thus applicable for
the respective comparison.

4. DETECTION OF MASS MOVEMENTS BASED ON
THE EXTRACTED POINT CLOUDS

The segmentation method for scanning profile was used for
comparing profiles, consisting segmenting the point cloud
following lines or profile. This technique consists of freely
drawing a profile, looking to cross perpendicularly the points
sent by the citizens through PPGIS. The tracing of this line can
be done where it is most convenient, in this case, it was where the
LiDAR scanner was fixed for scanning (Gonzalez, Woods, &
Eddins, 2004).

Then, the profile representation was created using AutoCAD®
Civil 3D 2018 using the profiles extracted from the point clouds.
This allows obtaining transversal profiles with the respective
relevant information. («CARTOGRAPHY AND
TOPOGRAPHY PRACTICES», s.f.).

4.1 Procedure with profiles

Figure 6 presents two profiles for each point cloud obtained in
the section, one of the upper zone of the highway (Up profile)
and another one in the lower zone of the highway (Down profile).
The cut of the point cloud is extracted in a ".las" format, which
has to be transformed to a ".rcp" format before being used in
AutoCAD® Civil 3D. On the Up profile is the upper part of the
escarpment, which corresponds to a pasture and several unpaved
roads leading to the highway. According to the information
provided by the citizen through PPGIS, in this area there is a
visible mass movement.
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Figure 12. Down profile distribution.

Once the Up and Down profiles of each point cloud were
obtained, 6 in total, they were compared using AutoCAD Civil
3D 2018. Figure 11 and Figure 12 correspond to the Up and
Down profile distributions, respectively. The methodology
consists of: 1) loading the point clouds; 2) creating cloud
surfaces; 3) drawing a line inside the clouds; 4) creating a quick
profile of that line and customizing the information of the
obtained transversal profile. Figure 13 depicts the creation of the
Up transversal profile for Jun 20, 18 point cloud.

20180420 PERFIL_UP* [

Figure 13. Up transversal profile‘ creation, Jun 20, 18.

The average time for profile processing is around 30 minutes per
profile. In this case study, they were processed 4 times to cover
all profiles.

5. RESULTS

For the comparison of profiles, the dimensions of each of the
point clouds and their differences were analyzed. The Up profiles
were divided into 10 m intervals on their abscissa, and 10 m
intervals on their dimensions. The Down profiles were divided
into intervals of 15 m on their abscissa and intervals of 5 m on
their heights.

5.1 Profiles comparison, LiDAR Dec 07, 17 — UAV Feb 02,
18.

Figure 14 presents the detailed results, however, the most
relevant differences are in the area of the escarpment (0 +
010,000 - 0 + 030,000), where it is observed subsidence of 33

cm and 18 cm. It can be deduced that it is the result of collapse
due to rain and other factors; finally, a 3.9 cm rise is observed in
the terminal part of the escarpment, which may indicate
accumulation of material by its deflection. Between this section
and the next there is a vegetation zone for which it is not possible
to determine the accuracy of the calculations.

5.1.1 Up profile. On the dirt road (0 + 110,000 - 0 +
210.000), there is a ground uplift that ranges from 6 mm to 9 cm.
This indicates a landmass advance, which would justify the
existence of slight structural damage in the surrounding homes,
which were reported by the PPGIS. The values passed 10 c¢cm
may be due to noise or small topographic changes.

In the final part of the profile, dirt road to the highway (0 +
220,000 - 0 + 290,000), there is a slight uplift of earth with only
subsidence, around 10 cm, which represents an advance of the
land mass or they may be the result of the wave movement of the
slip.

5.1.2 Down profile. Figure 15 shows in more detail the

analysis where it is appreciated, that in the profile where a car
workshop goes through (0 + 015.000 - 0 + 060.000) there are
uplifts and subsidence ranging from 9 cm to 69 cm. In this area
there is movement of heavy machinery that can cause more
abrupt changes between the aerial shots and the topography of
the terrain.

2560
2555 oW |

5.2 Profiles comparison UAV Feb 02, 18 — UAV Jun 20, 18.

5.2.1 Up profile. In the abscissa 0 + 000.000, it can be
observed that the difference between profiles is 35.2 cm. In this
zone, the error does not approach 0 and the maximum joint error
is 3.77 cm, due to errors of re-projection of both point clouds,
which are 0.242 m and 0.197 m, respectively, or by the
distribution of homologous points in each cloud.

Although there are vegetation zones in the profile, which do not
facilitate the work, the most relevant data are in the areas of dirt
roads.

On the dirt road 0 + 110,000 - 0 + 210,000, a lift from 70 cm to
50 cm is observed, which could also indicate an advance of the
deflection, given that the uplift is maintained in a proportion
similar to the previous profile.

In the continuation of the dirt road to the start of the highway (0
+ 220,000 - 0 + 290,000) the same changes in the terrain can be
observed, corresponding to uplifts between 50 cm and 70 cm.

5.2.2 Down profile. In the parking of heavy machinery (0 +
015,000 - 0 + 060,000), it can be observed uplifts that range
from 47cm to 97cm, possibly due to the work done with heavy
vehicles in that area.
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6. CONCLUSIONS AND FUTURE WORK

The anomalous terrain displacement values obtained when
comparing the multi-temporal profiles of the University of
Azuay landslide can be due to changes in vegetation
height or anthropic activity such as earth movements,
change vehicles and machinery position in the workshop
area, remodeling the university parking, slope stabilization
works in the ravine next to the university.

However, the anomalous values of terrain displacement
obtained outside the landslide and in zones without
vegetation or anthropic actions, show that the techniques
of active remote sensing (terrestrial LIDAR) and passive
photogrammetry drone at low altitude (UAV) used for
this study, despite their accuracy, have not been sufficient
to achieve the proposed objective in a reliable manner.
The use of this modern technology (LIDAR and UAV)
cannot replace the traditional geodetic surveying
techniques in situ such as differential GPS and total
station, as well as the indispensable use of control points.
Modern remote sensing techniques to identify mass
movements need to be complemented with traditional
topography to ensure correct alignment of point clouds
and surface models obtained with LIDAR and UAV, as
well as to validate the measurements of the point clouds
and multi-temporal surface models.

Despite this, the fact of being able to determine landslide
zones by having large variations of measurements
(higher values than the UAV preset of 3.5 cm., added to
the error introduced by processing, i.e. over of 7 cm), had
shown that these areas need increase of precision and thus
it is required a total survey with precision equipment.
Therefore, financial resources could be saved and
improved the speed of response for generation of
vulnerability maps by landslides.
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