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Abstract. Indonesia's territory has a high level of risk of landslides. One of them is Batu Keramat Village, Tanggamus 

district with steep topographical undulation, making it a landslide-prone area. This research aims to analyze landslide-

prone zones based on Structure from Motion (SfM) and the method of electrical resistivity tomography (ERT). The research 

location has very potential for landslides, supported by signs on the surface and clarified with a subsurface image. From 

the SfM analysis, the research location has a steep slope (> 600) with a slope height of about 30 m. Young volcanic rocks 

dominate in the study area in breccias, lava, and tuff with andesite-basalt composition. There are several Tertiary-aged 

andesite rocks exposed which are thought to be bedrock at this location. Based on the ERT model, the resistivity distribution 

value is in the range of 70-2100 ohm.m. The subsurface model has three layers divided into topsoil in the upper part, which 

is indicated by a resistivity value of 350 - 500 ohm.m. The clay layer is indicated by a resistivity value of 70 - 120 ohm.m, 

and bedrock (andesite) is indicated by 1000 - 2100 ohm.m. The clay layer can become a slip surface and cause the study 

area to be prone to landslides. 

Keywords: electrical resistivity tomography, structure from motion, Kota Agung, landslide, hazard. 

INTRODUCTION 

Landslides are the most frequent geological disasters in Indonesia. The Indonesian landslide inventory developed 

by the Indonesian Geological Agency reports about 49 landslides per year [1]. Many of the landslides affected 

residence [2]. One of them is Sumatra Island, which is marked by the highest number of landslide victims, followed 

by Lampung. Most of the landslide victims in Lampung caused by geomorphological, geological and climatic 

conditions were recorded in several areas, namely Tanggamus, West Coast, North Lampung, and West Lampung [3]. 

Among these areas, Tanggamus showed the highest landslide density, especially in Batu Keramat Village. It is related 

to clay material, duration of intense rainfall, deforestation, massive urbanization, and geomorphological conditions. 

Landslide is a reactivation of the old movement which is characterized by a high level of difficulty and variability in 

both time and space dimensions. Because of this, integration of different methodologies is needed to obtain surface 

data, and UAV is one method that can provide useful information for geological disaster mitigation, especially 

landslides [4-6].  

This article uses a multi-disciplinary method based on the integration of aerial photography (structure from motion) 

and ground-based methods for landslide investigations in Batu Keramat Village, Kota Agung Timur District, 

Tanggamus Regency, Lampung. To get more information about landslides studied, integration through Structure from 

Motion (SfM) analysis and 2D Electrical Resistivity Tomography (ERT).  

The SfM method is used to determine the characteristics of the soil surface conditions that have the potential for 

landslides [7]. Elevation model images (DEMs) with the detailed resolution are produced by aerial photography 

techniques with the aim of estimating the movement of landslide mass volumes. Finally, the ERT method, which has 

the characteristics of high spatial resolution, low-cost field data acquisition process, and relatively fast process, was 
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used to predict the investigated landslide geometry (e.g., slip surface depth and the geometry of the material involved) 

[8-9].  

Although the method used has often been applied to several landslide cases, the integration of several methods 

carried out in this study can be considered as one direct example [10]. Combining different techniques is expected to 

collect all information about landslide characteristics both on the surface and below the surface. Besides that, it can 

also help in increasing knowledge and solving problems related to the weaknesses of each method [11,12]. In addition, 

an elaborate study of the characteristics of landslides can support more appropriate mitigation measures. 

RESEARCH LOCATION 

Batu Keramat Village is one of the areas most prone to landslides in Tanggamus. This is related to the existing 

clay material, the morphology of the slopes, and the occurrence of extreme rainfall. Historically, many landslide events 

have occurred due to extreme rainfall. The research location (Fig. 1) is located in the East Kota Agung and on the 

southern Tanggamus. The zone is characterized by a landslide influencing the topography of the Qhv (Young 

Quaternary Volcanics) and Tomh (Hulusimpang Formation) with lithological formations such as breccia lava, tuff 

with andesite-basal intercalated layering. The debris at the hill (lower part), characterizes the topographical conditions 

in the study area. Observations made in March 2018, show the results of erosion caused by heavy rain and involving 

the Hulusimpang formation. The geometry of landslide is 200 x 30 m with an elevation range varying between 500 - 

600 m m.s.l. These landslides are categorized as complex retrogressive landslides and represent reactivation of an 

ancient mass movements. Landslides rolled down the road near several residents' houses, which had to be evacuated 

immediately 

 

 

FIGURE 1. Landslide hazard map based on AHP method [4][10-12] in East Kota Agung area and study area is located 

on the northern part with dash line border with acquisition location symbol (both of SfM and ERT). The research area is 

included in the moderate category, and it is proven that landslides occur in several areas. 
 

020001-2

D
ow

nloaded from
 http://pubs.aip.org/aip/acp/article-pdf/doi/10.1063/5.0129571/17934644/020001_1_5.0129571.pdf



METHODS 

The method used is an integration of rock electrical survey techniques and aerial photography. The SfM method 

is a combination of advanced computer programming and conventional photogrammetry that can be used for 

topographic survey techniques. While the ERT method provides useful information about the geometry and geological 

structure of the subsurface landslide area. 

Structure from Motion 

Geomorphological features (slopes, terraces, and ditches), erosion, and depositional zones can be determined by 

interpretation of aerial photography analysis at a maximum scale of 1:5000. The main procedures in digital 

photogrammetry for automatic image orientation are interior and relative orientation, point transfer in aerial 

triangulation (align point), reference system registration, and point extraction [13]. Interior orientation is carried out 

using parameters found in the camera, such as calibrated focal length, main point position, and radial lens distortion. 

The same nine binding points in both images are used to obtain the relative orientation of each stereo pair. The 

stereoscopic model generated with the WGS84 reference frame is absolute orientation by determining the position of 

the ground control points (GCP), which consist of 10 points. GCP is a natural element representing a geological 

condition in a certain area that is easily identified in the photo. These points are located in a stable area at certain time 

intervals. 

The aero-triangulation process resulted in a small accumulation error (0.08), which means that the process was 

successful. So, it can produce reliable high-resolution DEM. The accuracy of the orientation step depends on several 

things, such as camera-object distance, image quality, and the quality when taking GPS measurements (especially in 

GCP determination). 

Electrical Resistivity Tomography 

Subsurface electrical imaging with 2D models is one of the methods used in subsurface modeling with moderate 

to complex geological conditions [14]. This is a great advantage associated with measuring the variation in resistivity 

values in vertical and horizontal directions. This is different from the 1-D resistivity method which only reviews the 

resistivity value vertically [15]. A 1D resistivity measurement generally consists of 10-20 measurements, whereas a 

2D resistivity imaging survey involves approximately 100-1000 measurements. 

Figure 2 shows a possible sequence of measurements on the Wenner electrode configuration for a 20 electrodes 

system. The "a" is the distance between the electrodes. On the first measurement, all possible measurements with 

electrode distance "1a" are taken automatically. Electrodes 1, 2, 3, and 4 were used for the first measurement, where 

electrodes 1 and 4 were used as current electrodes (C1, C2), and electrodes 2 and 3 were used as potential electrodes 

(P1 P2). While in the second measurement, electrodes 2, 3, 4, and 5 were used as C1, P1, P2, and C2, respectively. 

Furthermore, measurements were made up to electrodes 17, 18, 19, and 20. After completing the measurement with a 

distance of "1a", the first measurement used electrodes 1, 3, 5, 7 using a distance of "2a". Measurement continues until 

electrodes 14, 16, 18, and 20 are used for the final measurement. The process is repeated on measurements with a 

distance of "3a, 4a, 5a, and 6a" [16]. 

Field data processed with the RES2DINV computer program produces a profile 2-D resistivity model of the 

subsurface. The inversion program generates a 2-D resistivity model consisting of several rectangular blocks. The 

distribution of data points in the pseudo-part is loosely tied to the arrangement of several blocks. The program 

generates the distribution and blocks size automatically where the number of data points is more than the model block 

(Fig. 3). The depth of the lower row of beams is set to approximately equal the depth of the probe datum point, which 

is equivalent to the distance of the most significant electrode [17]. 

This program is operated to solve the resistivity of a rectangular block which will produce a pseudo-section of 

resistivity that corresponds to the actual measurement. Forward modeling is used to calculate the apparent resistivity 

value, while at the backward modeling stage, a non-linear least-squares optimization technique is used. The technique 

tries to find the value of the difference between the calculated and measured apparent resistivity values to a minimum 

while still aligning the resistivity block model. The measurable differences that occur are generally reflected by the 

root-mean-square (RMS) parameter. When the RMS value decreases and does not change significantly, the last model 

is selected after several iterations. 
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FIGURE 2. The electrodes arrangement for a mapping ERT survey [16] 
 

 

FIGURE 3. Resistivity measurement scheme with Electrical Resistivity Tomography (ERT) 

method, Wenner-Schlumberger configuration 
 

Inversion calculations can support both advanced finite difference modeling and finite element techniques. These 

calculations can be used for surveys that use several configurations such as pole-pole, Wenner, dipole-dipole, Wenner-

Schlumberger, and Schlumberger. 

RESULTS AND DISCUSSION 

Structure from Motion Results 

A computer with the characteristics of an Intel Core i7 9750H 2.6Ghz processor with 16 Gb RAM, a 6 Gb 

GTX1650 GPU with 64-bit Windows10 is used to run the Photoscan program. The processing time for SfM data in 

one acquisition is: (1) matching and detecting image features for 150 minutes; (2) creation of solid 3D geometry in 

about 130 minutes; (3) GCP identification approximately 4 hours; (4) recreating a solid 3D model in about 130 

minutes; and (5) making orthophoto and DEM about 60 minutes. In an area of 1 ha, the resulting 3D model contains 

1 million vertices corresponding to 100 points per m2. The displacement of the landslide area can be mapped by 

interpreting the results of orthomosaic aerial maps (Fig. 4). The movement of material in landslides is uneven, 

significantly different from one location to another. In less than four months, the main slope (A) retreated by about 
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5.5 m. The left main slope (B) is the most vulnerable and spreads over an area of 3-4 m at the end of the slope in 

several directions. An active chunk most likely triggered the main scarp's failure and the toe's extension in the main 

part (middle part). The moving area results in loss of support on the main steep slope, resulting in further collapse and 

may trigger cliff extension (bottom part). 

 

 

FIGURE 4. 3D model of orthomosaic result from SfM method 

2D Profiles of Electrical Resistivity Tomography 

Variations in resistivity values indicate differences in soil and rock layers in the study area. In line-1, there are 

several shallow zones with medium resistivity values (350-500 ohm.m). At points 45–90 m (bottom of the slope) and 

points 135-140 m (top of the slope area) with a depth range of 5–40 m, including high resistivity zones (1000-2100 

ohm.m). Meanwhile, the area that stretches from the first to the last electrodes is grouped in a low resistivity zone 

with a resistivity value of 70–120 ohm.m, with an average depth of 1.0–30 m (Fig. 5). 

In the area between the point 15–45 m (the bottom of the slope area) and the point 80–100 m (the top of the slope 

area) in the line-2 profiles with an average depth of 1-5 m, there are several shallow zones with medium resistivity 

(value resistivity ranges from 350–500 ohm.m). At a depth range of 0.5–20 m, the zone with a high resistivity value 

(1000-2100 ohm.m) is located at 45–90 m (bottom of the slope area). Meanwhile, the zone that has a low resistivity 

value is located along the measurement line, especially under the medium resistivity zone with a depth range of 1.0–

35 m and a resistivity value of 70–120 ohm.m (Fig. 6). 

 

 

FIGURE 5. 2D ERT line-1 section of the research area using a Wenner–Schlumberger configuration. 
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FIGURE 6. 2D ERT line-2 section of the research area using a Wenner–Schlumberger configuration 
 

The study of surface and subsurface characteristics in Batu Keramat Village was carried out through integrated 

multidisciplinary techniques such as ERT and SfM investigations. The same technique has been used separately for 

landslide investigations, providing only limited information. Particularly, aerial photogrammetry is often used to 

monitor areas affected by deformation of soil [7], landslide activity [13], and morphological characterization [18] and 

can record information about quantities such as quantity to the rate of displacement [19,20]. Reconstruction of 

subsurface geological settings in 2D or 3D is carried out with more sophisticated techniques such as geophysics 

[21,22]. The characteristics of landslide geometry and temporal evolution can be obtained by combining several 

techniques in an integrated manner. This research is an integration of aerial photogrammetry techniques and electrical 

earth measurements to characterize landslides and calculate the mass volume. 

Several important parameters, such as erosion dimensions, changes in height due to shear and erosion, thickness, 

and changes in elevation, are used to estimate the required erosion volume. Only a fully integrated technique can 

provide all these parameters [14]. The results of the integration of the different techniques provide an accurate estimate 

of the volume of the moving material. The calculated mass transfer is 9.836 × 103 m3. 

The integration of techniques carried out can overcome each weakness. Although information about the volume 

of material moving, accumulation, and erosion is obtained from SfM, it does not provide information about the vertical 

thickness of the material. While the ERT method provides not only information on the thickness of the material but 

also about the subsurface geological structure. However, it is constrained by information related to elevation changes. 

The approach taken in this study is considered as an integrated technique integration in landslide investigations. This 

can significantly contribute both in terms of management and landslide risk mitigation. 

CONCLUSION 

The ERT method can be used in landslide investigations. The contrast of resistivity values in the study area reflects 

information on several lithological formations. The investigation carried out is related to detailed information about 

the subsurface conditions that exist on the hillside. A detailed subsurface geological model was developed based on 

the information from the ERT and SfM models. An integrated approach by considering subsurface and surface 

investigation methods produces landslide characteristics in the research area. From the SfM analysis, the research 

location has a steep slope (>600) with a slope height of about 30 m. Young volcanic rocks dominate in the study area 

in breccias, lava, and tuff with andesite-basalt composition. There are several Tertiary-aged andesite rocks exposed 

which are thought to be bedrock at this location. Based on the ERT model, the resistivity distribution value is in the 

range of 70-2100 ohm.m. The subsurface model has three layers divided into topsoil in the upper part, which is 

indicated by a resistivity value of 350 - 500 ohm.m. The clay layer is indicated by a resistivity value of 70 - 120 ohm.m 

and bedrock (andesite) is indicated by 1000 - 2100 ohm.m. The clay layer can become a slip surface and cause the 

study area to be prone to landslides. A key factor when designing a resistivity survey that must be considered, 

especially in the landslide risk analysis, is the interval electrode. It affects the resolution of the resulting image. The 

resistivity model must have high resolution and good quality to allow slip surface identification, which can be detected 

at high resolution, assuming closer electrode spacing. 
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