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Abstract: This paper discusses the applications of unmanned aerial vehicle (UAV) for slope mapping and the
determination of potential slope hazard of three selected areas. With the development of modern technology, the
utilization of UAV to gather data for slope mapping can be considered as finest method as it is quick, reliable,
precise, cost-effective and also easily to operate. High imagery quality is essential for the effectiveness and nature
of normal mapping output such as Digital Surface Model (DSM) and also Ortho Images. The utilization of UAV to
capture aerial photo helps to gather information from a normal area to an area which almost impossible to reach.
With the data obtained by the UAV, it will later process in established software and the analysis of slope profile of
certain selected study areas will be done. Mapping using UAV was within the area of Pahang Matriculation
College. Three slope area namely as Area 1, Area 2 and Area 3 are marked. Further analyses are conducted in these
three areas to obtain the information of potential slope hazard based on slope angles. For Area 1, the slope is
marked at the coordinate of (286136.265, 412066.821) to (286265.423, 411783.038). The slope angle between the
two vertexes was 46.18° and considered as very steep slope. For Area 2, the slope is marked at the coordinate of
(286054.203, 412021.343) to (285963.651, 411913.543). The slope angle between the two vertexes was 77.66° and
considered as very steep slope. The slope at Area 3 is marked at the coordinate of (285847.833, 411775.762) to
(285887.450, 411251.046). The slope angle between the two vertexes was 47.43° and considered as very steep
slope. In conclusion, the use of UAV in geotechnical engineering proven to be very useful for slope mapping and
determination of slope hazard based on slope angle.
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1. Introduction

Nowadays, the instruments use for data acquisition in geological topography have been rapidly improved. With the
development of modern technology, the equipment used to gather all information related to earth surfaces becomes
cheaper, smaller, accurate and can gather large amount of data within a short period of time [1]-[3]. These devices are
light, mobile, easily to operate, completely automated and providing access to almost unavailable study areas.
Advances in UAV technology have enabled the acquisition of high-resolution and real-time aerial images for
photogrammetry [4]-[6]. With the help of UAV, the effectiveness of land monitoring together with existing
infrastructures can be conducted within a short time period compare to conventional techniques, especially for urgent
cases like natural disasters [7], [8].
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Recently, the use of unmanned aerial vehicle in research study and also commercial term are ending up
progressively normal [1], [2]. According to [9], geophysical surveys in mountains and natural terrains are normally
challenging due to the site conditions, which may affect the quality of data acquisition. Unmanned aerial vehicle
(UAV) or known as drone allow for the effectiveness of monitoring which cover large area of land and infrastructures
within a very short time interval compare to conventional techniques [10].

UAYV has developed during the last decades. They operate remotely in the form of small platform, attached
completely with camera and available as small or micro aircrafts [10]. UAV photogrammetry provides information
used for image stitching. Autopilot system guarantees planned flight path, camera triggered auto-control to take a
picture at every waypoint [1].

Engineers and researchers who involved in geotechnical and soil works always faced problem regarding slope
stability. These problems usually happened in term of slope mapping and slope monitoring works [11]-[13]. A stable
slope is the ability of slope to sustain its sustainability [14]-[20].

The aim of this paper is to determine the potential slope hazard of three selected study areas located at Pahang
Matriculation College located at Kuantan, Pahang by using unmanned aerial vehicle UAV or commercially known as
drone. This work of finding potential slope hazard was based on their respective slope angles. For every slope area
(Area 1, Area 2 and Area 3), the location of slope was marked to their respective coordinates and their angles were
determined.

2. Research Methodology

The study area is at Kuantan, Pahang. The site area consists of different terrain profile. This site is completely free
from any distraction and obstacle on the air for UAV to freely move around. Fig. 1 shows the map of study area. The
perimeter of this study area is 3370 m and the enclosed area is 765836 m2. The duration of time needed for overall
mapping using UAV is about 30 minutes.

Fig. 1 - Map of Pahang Matriculation College generated using unmanned aerial vehicle
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2.1 DJI Inspire 2 and Technical Specifications

The DJI Inspire 2 weight around 3.44 kg makes it a powerful and high technology drone. This UAV has a speed of
94 km/h which make it pretty impressive. The max ascent speed is 6 m/s in sport mode and the max descent speed is 4
m/s. The length of this UAV is 42.7 cm, with height of 31.7 cm and width of 42.5 cm. DJI Aspire 2 has a maximum
transmission distance of 7 km and is capable to deliver both 1080p and 720p video. Fig. 2 shows the image of DJI
Inspire 2. Meanwhile, Table 1 shows the specification and features of DJI Inspire 2 and Table 2 shows the camera

specifications of the UAV.

Fig. 2 - DJI Inspire 2

Table 1 - Specification of DJI Inspire 2

Parameters Details
Flight time 25-27 minutes
Speed 94 km/h
Sensory range 30m
Battery 98 Wh dual battery
Raw video recoding Yes
Ports USB and HDMI
Obstacle avoidance system Yes
Control range 7 km
Video resolution 5.2K and 4K
Live View 1080P

Remote controller frequency
Design material

2.4 GHz and 5.8 GHz
Magnesium aluminium composite
shell with carbon fibre arm
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Table 2 - Camera specifications

Parameters Details

Camera Model Zenmuse X4S
Resolution 5472 x 3648

Focal Length F/2.8-11, 8.8 mm
Pixel Size 20 MP

Operation Modes Capture, record, playback
Shutter Speed Mechanical Shutter: 8-1/2000s
Electronic Shutter: 1/2000-1/8000s

ISO Range 100-6400 (video)

Video Captions
Anti-Flicker

100-12800 (stills)

Supported
Auto, 50Hz, 60Hz

2.2 Image Acquisition

The normal workflow accepted for image acquisition has been used by many researchers and practitioners.
Following are the steps for image acquisition as in Fig. 3. The result obtained from UAV monitoring will then be
transferred into global mapper version 18.1 for the analysis.

Identification of Flight planning using Autonomous
project parameters mission planner photogrammetric flight

Genera_te data with analysw to Data quality
determine the cross-section of .
checking
selected study area

Fig. 3 - Workflow for data acquisition

In the early stage of UAV mapping, the first stage is to identify the project parameters. This is very important since
the aim and objective is the most important things that need to be determined first before flight. Researchers must
understand and know why they do mapping and what for. The second stage is by flight planning using mission planner.
To fly a UAV model DJI Inspire 2, software known as DJI Map Pilot need to be used. Researcher need to plot every
details of location covered for mapping. The UAV will capture the images of the area that had been plotted. The third
stage for this mapping is the autonomous photogrammetric flight. In this stage, the UAV will capture all the images
needed by the researcher through the gimbal attached at the bottom of UAV. This gimbal model is Zenmuse X4S.

The duration of flight mapping require only 30 minutes to complete the image acquisition at study area. The fourth
stage is data quality checking. Here, researcher will check all the images captured by UAV whether it satisfies the need
of researcher. The camera model Zenmuse X4S is able to capture high resolution images up to 4k or 2160p. Finally, the
images captured by UAV will be converted into 3D map for further analyses by using commercial software known as
PiX4D. This map is presented in two types of data which are Digital Orthophoto and Digital Surface Model (DSM).
Digital Orthophoto present the actual map of the study area while DEM present the elevation profile of the map.

After obtaining the map, the next step is by doing the analyses using Global Mapper. Global Mapper is a powerful
software which are able to analyze the slopes in detailed. The Global Mapper needs to read both Digital Orthophoto
and DSM in order to do further analyses. As presented in this paper, the final analyses will include the determination of
the cross-section of selected study areas and determine potential slope hazard based on slope angles.

3. Results and Discussion

The result of this study is presented in digital orthophoto and with their respective path profiles for the
determination of potential slope hazard based on slope angle. The ground control points (GCP) are not used in this
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study as it does not give much error for the results obtained. The independent orthoimages are used to generate digital
orthophoto in photogrammetric process.

3.1 Slope Hazard

Slope angle is the most important thing that need attention before any construction work. In order to determine the
slope hazard, the angle of the slope need to be consider since it is one of the factor that cause the slope hazard to be
occur. As indicated by [3], [21], the slope classes is shown in the Table 3.

Table 3 — Slope Classes [21]

Classes of slope Angle of slope (°) Condition of slope
A 0-2 Nearly level
B 2-6 Gently sloping
C 6-12 Moderately sloping
D 12-18 Strongly sloping
E 18-25 Moderately steep
F 25-35 Steep
G 35-100 Very steep

50m 100 m 150 m 200 m 250m 312m

Fig. 4 - Path profile of area 1
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Fig. 4 show path profile of Area 1 consist of several vertexs with different height. The selected vertex was located
at the coordinate of (286136.265, 412066.821) to (286265.423, 411783.038). The first height of selected vertex was
about 51.288 meter while the second vertex was about 62.201 meter. The distance between these two points were 10.48
meter in the x-axis. The selected slope angle between the two vertexes was 46.18° which based on the classes of slope,
the condition of slope was considered as very steep slope and classified as the slope hazard since it angle is in range
from 35° to 100°.

From the Fig. 5, the chosen points of Area 2 were located at the coordinate of (286054.203, 412021.343) to
(285963.651, 411913.543). The first height of selected point was about 54.391 meter while the second point was about
68.134 meter. The distance between these two vertexes were about 3.00 meter in the x-axis. The selected slope angle
between the two vertexes was 77.66° which based on the classes of slope, the condition of slope was stated as very
steep slope since it angle is in range from 35° to 100° and classified as the slope hazard. Figure 6 show the path profile
of Area 3.

25m 50m 75m 100 m 142 m

Fig. 5 - Path profile of area 2

From the Fig. 6, the selected points of Area 3 were located at the coordinate of (285847.833, 411775.762) to
(285887.450, 411251.046). The first height of selected point was about 42.812 meter while the second point was about
52.764 meter. The distance between these two vertexes were about 9.14 meter in the x-axis. The selected slope angle
between the two vertexes was 47.43° where based on the classes of slope, the condition of slope was stated as very
steep slope since it angle is in range from 35° to 100° and classified as the slope hazard. All of these analyses is
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accordance to previous researchers such as [3], [6]), who also do research for slope mapping using UAV. They also
indicate the potential slope hazard based on slope angle that been analyzed by using Global Mapper. Overall, it can be
concluded that modern technology of UAV can help engineers and researchers in the field of geotechnical engineering
to monitor and maintain slope stability.

From Pos: 285847.833, 411775.762 To Pos: 285887.450. 411251.046

65m — - = S

125m 250m 375m 526 m

Fig. 6 - Path profile of area 3

4. Conclusion

From this study, the use of UAV has proven to be very effective for slope mapping. This modern technology
requires short time interval for slope mapping and can quickly gather huge amount of data. This modern technology
will help in research and also commercial works which make work easier and faster. In this study, with the combination
of data from UAV and also established software, researchers are provided with important parameters and information
about geological and topography of their study area. Other than that, the elevation of the selected study area can be
determined which helps in researches and also commercial works to determine the profile of high area such as slopes
and many more. From this determination, researchers can locate the potential slope hazard from the slope angle
obtained from software analysis. This can be considered as early safety precaution that needed attention by engineers
before proceed with any construction work.
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