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ABSTRACT

In Malaysia, there are plenty of natural slopes trimmed for the
construction of public transport infrastructure. This causes the
slope structure becomes unstable and can cause an avalanche.
Constant monitoring of the slope surface structure is made to
obtain an early warning before collapse. The slope monitoring
activities that often practiced are extremely high risk. Usually,
maintenance personnel will climb up to the top of the slope to
take pictures for the purpose of monitoring reports. Therefore,
this research aims to examine the extent the usage of micro
UAV aircraft that could help in monitoring the slope. This
study was carried out on the slope category A (High) near the
exit Plaza Tol Ayer Itam, North-South Expressway. The
process involved in this study is, planning and preparation
before the flight, data retrieval using UAV for the flight at an
altitude of 50 meters to be used as a model slope 3D using
software Agisoft PhotoScan and flying height of 2 meter for
identifying structural damage slopes and effectiveness
appropriate height to capture the image for the identify the
damage. The results of this study, a total of 4 locations of
damage to the structure of the slopes have been identified and
the maximum flight distance capture for detecting damage of
the crack is 9 meter height, while for damage vegetation cover
types were as high as 50 meters from the slope surface
structure.

Key words : micro UAV aircraft, monitoring slope, Agisoft
PhotoScan, collapse; structural damage.

1. INTRODUCTION

The increase in geography disaster cases is associated with the
development of infrastructure is rapidly increasing and urgent
to spread to terrain-terrain hills [1]. This is because the hills
had to be cut and produce artificial slopes unstable and
disturbed by construction activities in hilly areas [2]. It will be
solved if there is a monitoring system that can help the
maintenance process. Monitoring will be undertaken to
provide preliminary information on the situation and the
stability of a slope. Maintenance activities can be regarded as
the work required to restore and preserve the construction
structure [3]. Maintenance is divided into two major
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categories of and
maintenance [4].

Therefore, this study is about slope monitoring maintenance
using a micro UAYV aircraft.. UAV is widely used in public
use for mapping purposes as clearer images obtained from
satellite [5]. This paper focuses on the use of high-resolution
digital camera combined with a very light platform known as
unmanned aerial vehicles UAVs [6]. By using of UAV can
help monitoring the slopes in obtaining a visual representation
of the surface structure of the slopes in the study area.
Monitoring activities conducted in the study area can cause
multiple hazards where officers monitor the slope need to
climb up to the top of the slope structure that can cause
slipping and attacked venomous animals [7, 8].

planned maintenance unplanned

Therefore, this study is about the use of micro UAV aircraft
for monitoring slope in visual. UAV is a tool that can provide
information to create a visual record in the form of images and
video more clearly. By using an UAV can help monitoring the
slopes in obtaining a visual representation of the surface
structure of the slopes in the study area. Monitoring activities
conducted in the study area can inviting multiple hazards
where officers in charged to monitor the area of research need
to climb up to the top of the slope structure that can cause
slipping and attacked by venomous animals.

This study was conducted to determine the extent of the use an
UAV helps in monitoring the implementation of the slope
surface. There are several objectives to be achieved. These
include:

a) To investigate the methods of monitoring conducted on the
surface of the slope.

b) Record and analyse information visually to help the work
of monitoring the slope structure using micro UAV
aircraft.

The scope of this study involves the monitoring of the surface
structure of the slope near the exit Plaza Tol Ayer Itam,
North-South Expressway. It is as a new alternative to facilitate
the work of inspection structure slopes in the study area are
maintained by the OPUS Network Maintenance Management.
The study area was chosen because one of the slopes that are
categorized as type A (high) situated at the exit toll plaza,
North-South Expressway [9].
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2. LITERATURE REVIEW

The slope is an exposed surface which forms an angle to the
horizontal plane. The slope is divided into two types, natural
slopes and man-made slopes [10, 11]. Natural slope failure
accelerated by human activities such as deforestation and soil
excavation [12]. Normally slope failure associated with steep
slope conditions but this is not true because there are many
cases of slope failure occurred on a gentle slope [13]. Some
factors that contribute to the occurrence of slope instability
factors such as geological, physical, human activities, and the
weathering process [14-16].

Monitoring is a procedure for analysing the work to be done
for the next level [13, 17]. This monitoring work is very
important because after monitored work, the captured data
will be analysed to determine the damage done to the structure
of a slope. The results of the analysis performed, then the
maintenance work can be identified and the next steps will be
taken. According to the maintenance manual OPUS, slopes
along the PLUS highway are classified into four categories,
namely slope type AA (very high), A (high), B (medium) and
C (low) to provide guidelines for periodically monitoring [7, 8,
9].

The micro UAV aircraft is a small light aircraft, which is 1/3
or 1/5 of the size of the actual aircraft guided [18]. UAVs are
also equipped with a camera that offers the possibility to
mapping an area more quickly and high flexibility [19]. UAVs
are also becoming popular for use in large scale mapping of a
low budget [20]. Now, the use of UAVs has expanded in the
field of civil engineering. In this study, UAV types DJI
Phantom 3 Advance used to retrieve information and visual
data for slopes. UAV uses a camera sensor 1/ 2.3-inch made
by Sony with image capture resolution of 12 megapixels and
maximum flight duration of the flight is 24 minutes [21].

.....
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Figure 1: Taking of Aerial Photography at 60% Front Fins and

30% Side Fin
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Photogrammetry in definition is to obtain reliable
measurements and 3D models by means of photograph.,
whether images are taken from the air or from the surface of
the earth itself [22]. In photogrammetric UAV, it is used for
mapping a low budget. Additionally, the advantages of
images taken by UAV can also be used for mapping the high
resolution textures that can be realized in the form of a DSM
(Digital Surface Model) and 3D model. The method of taking
aerial photography is important where every image taken
must be at least 60% front fins and 30% side fin to ensuring
that all the images cover the whole study area as shown in
Figure 1.

3. METHODOLOGY

Research methodology of this study is to ensure that the data
collection methods used to be achieved the objectives. Figure
2 describes briefly the overview of the process and workflow
involved in this study.

Literature Review

v

Planning and Preparation

v

Data Collection and Information

v

Image Data Processing

v

Data Analysis

v

Conclusion

v

End

Figure 2: Workflow process

There are two methods of data collection in this study. The
first method is a video recording of the distance of 2 meters
from the slope surface using horizontal flight patterns to
identify the image damage to the structure of the slope and
video recording for a distance of 50 meters from the down
slope to produce slope structure in the 3D model using
software Agisoft PhotoScan as shown in Figure 3.

Both the video footage will be snapshot as an image using the
software VLC Media Player. The results of analysis of images
taken 2 meters of surface slope, slope damage to the structures
identified and connected to the slopes of the 3D model. For
the second method of data collection, the image taking of each
meter height to determine the maximum height of the image to
determine the slope damage. All of the data analysis for this
study is based on images taken from video footage using
UAV.
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(b)
Figure 3: Flight track of Video footage at height of (a) 2
meters and
(b) 50 meters from the surface of the slope.

4. RESULTS AND DISCUSSIONS

4.1 Data Analysis for 3D Structure Slope Model  and

Labelling Slope Location

Data were collected through video footage within 50 meters
from the down slopes with video recording for 1 minute 31
seconds has been snapshot to 32 pieces of image using the
software VLC Media Player. After completion of the snapshot,
image brightness was edited using Microsoft Office
Professional. There are 32 pieces of images are combined to
generated a 3D model using software Agisoft PhotoScan as
shown in Figure 4.

Figure 4: Combination of 32 Pieces Pictures using
Software Agisoft PhotoScan

Figure 5: Structure 3D Model Slope at Research Area
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Figure 5 shows a 3D model of the entire slope area of study.
Next, the marking of 8 coordinates on the 3D model of slopes
to be linked into the Google Earth Pro software to identify the
position of the slope as shown in Figure 6. Figure 7 shows 8
coordinate values marked on the slopes of the 3D model.

Figure 6: Location in the Study Area In
Google Earth Pro

Marker? Longitude Latitude Altitude *
73 point 1 103.186100 1.929430 7.000000
73 point 2 103.186330 1.929700 13000000
75 point 3 103.186500 1.929530 19000000
73 point 4 103.186830 1.929450 21,000000
75 point 5 103187350 1.929150 14.000000
73 point 6 103.187500 1.928970 £.000000
73 point 7 103187270 1.929650 7.000000
73 point 8 103.186930 1.929730 5000000 .,
L4 >

Figure 7: The Coordinates for Longitude, Latitude and
Altitude entered at Each Point for Marking Coordinates

4.2 Data Analysis for Determining Damage  Structure

Slope Images

Data obtained in the form of video footage for 7 minutes 25
seconds with distance 2 meters of the slopes have been
replayed and analysed to identify structural damage of the
slope. Several structural damage to the slope in the video have
been identified and the snapshot to convert the video into
images using software VLC Media Player before entering the
software AgiSoft PhotoScan combined to produce a 3D model.
After investigation, there are two types of damage that occur
on the slopes of the cracks and vegetation coverage on slopes
drain. A total of 3 points of cracks, and only one vegetation
coverage on the slope drain structure identified. All the
damage was combined and produces a 3D model where each
is shown in Figure 8, Figure 9, Figure 10 and Figure 11.
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Figure 8: Damage Analysis of 3D models
Vegetation Coverage

-

FigurlO: Damage Analysis of 3D models
Crack No 2

Figure 11: Damage Analysis of 3D models Crack No 3

The entire 3D damaged model is linked to the overall
structure of a 3D model of the slope using Google Earth
Pro software, as shown in Figure 12. Finally, the
coordinates of the damage can be identified from Google
earth pro, as shown in Table 1.
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2).Retakan No 1

Figurel2: Damage position at The Slope Structure in Google
Earth Pro

Table 1: Damage Coordinates of the Structure of Slope
Obtained from Google

Damaged No. Latitude Longitude
1 1°55'46.00"N  103°11'14.17"E
2 1°55'46.56"N  103°11'12.36"E
3 1°55'46.66"N  103°11'12.04"E
4 1°55'46.67"N  103°11'11.64"E

4.3 Data Analysis for the Appropriate Height to

Determine the Image of Structural Damage.
This data analysis is to examine the extent to which the
maximum height of the UAV in the air to take pictures in the
work of monitoring the slope structure. Based on the analysis
of data that previously, there are only two types of damage
that occur on the slopes of the study area vegetation coverage
and cracked. Micro UAV has been flown over the damaged
area. At the height of each meter, the existing cameras on
UAV will capture the image starting from a distance of 1
meter until 50 meters on the damaged area. The results of
observation, there is a difference where image clarity with
altitudes shooting depends on the type of damage. Damage
caused by vegetation coverage can still be identified even at
height of 50 meters as shown in Figure 13, but for the damage
of cracks at height of 10 meters is starting to blur and at an
altitude of 12 meters of cracks image is not clear. Therefore,
the maximum image height of the damage type of crack is
only 9 meters as shown in Figure 14 and for the damage of
plant coverage is as high as 50 meters from the slope surface
structure.
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Figure 13: Zoom Image for Vegetation Coverage at Height
50 Meters

Figure 14: Zoom Image for Crack t Heigt9 Mgtérs
5. CONCLUSION

As a conclusion, the usage of micro UAV aircraft as one of the
new alternatives to capture and identify the damage for the
purpose of monitoring the slope of the surface structure. This
method can also facilitate the work of inspection slopes in
addition to saving time and energy as well as to reduce the risk
of harm. Therefore, the usage of UAV in assisting the work of
slope monitoring should be introduced to increase the
frequency of monitoring, especially in high risk slopes that are
abundant along the PLUS highway. This study has been
proven by using UAV in visual recording provide information
for the inspection of the slope. Besides that, image processing
and analysis will be shown in details the defect that occurs and
the location by providing the 3D model of the slope.
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