' Aalto University

Nategh, Mehrdad; Iravanian, Anoosheh; Ekinci, Abdullah
Close-Range Photogrammetry for Non-intrusive Prediction of Geohazards : Landslides

Published in:

Proceedings of ISSMGE TC101—Advanced Laboratory Testing and Nature Inspired Solutions in Engineering
(NISE) Joint Symposium - Advanced Laboratory Testing on Liquefiable Soils and Nature Inspired Solutions for
Soil Improvement

DOI:
10.1007/978-3-031-51951-2_9

Published: 01/01/2024

Document Version
Peer-reviewed accepted author manuscript, also known as Final accepted manuscript or Post-print

Please cite the original version:

Nategh, M., Iravanian, A., & Ekinci, A. (2024). Close-Range Photogrammetry for Non-intrusive Prediction of
Geohazards : Landslides. In K. O. Cetin, A. Ekinci, E. Uygar, & A. A. Langroudi (Eds.), Proceedings of ISSMGE
TC101—Advanced Laboratory Testing and Nature Inspired Solutions in Engineering (NISE) Joint Symposium -
Advanced Laboratory Testing on Liquefiable Soils and Nature Inspired Solutions for Soil Improvement (pp. 100-
109). (Springer Series in Geomechanics and Geoengineering). Springer. https://doi.org/10.1007/978-3-031-
51951-2_9

This material is protected by colpyright and other intellectual property rights, and duplication or sale of all or
part of any of the repository collections is not permitted, except that material may be duplicated by ?/ou for
your research use or educational purposes in electronic or print form. You must obtain permission for any
other tuhse: Elgctronic or print copies may not be offered, whether for sale or otherwise to anyone who is not
an authorised user.


https://doi.org/10.1007/978-3-031-51951-2_9
https://doi.org/10.1007/978-3-031-51951-2_9
https://doi.org/10.1007/978-3-031-51951-2_9

Article
Close-Range Photogrammetry for non-intrusive prediction of

geohazards: landslides

Mehrdad Nategh', Abdullah Ekinci? and Anoosheh Iravanian3+*

1 Department of Civil and Environmental Engineering, Near East University, 99138, Mersin 10, Turkey,
mehr.nategh@gmail.com

2 Dept. of Civil Engineering, Middle East Technical University, Northern Cyprus Campus, Kalkanli,
Guzelyurt, North Cyprus, via Mersin 10, Turkey, ekincia@metu.edu.tr

3 Department of Civil Engineering, Aalto University, Espoo, Finland, anoosheh.iravanian@aalto.fi

¢ Department of Civil and Environmental Engineering, Near East University, 99138, Mersin 10, Turkey

Correspondence: anoosheh.iravanian@aalto.fi

Abstract: In recent years, the number of monitoring techniques developed for management of
natural and engineered ground systems such as slopes, embankments, and retaining walls has sig-
nificantly increased. The current study examines a slope stability problem near Kyrenia Castle, a
7th century castle located in Northern Cyprus. The landslide and accompanying reinforced con-
crete/stone walls, constructed for rehabilitation purposes, are monitored for a period of two years.
The current condition of the site is back-analyzed using the finite element method (FEM) as a
conventional analysis. To detect changes over time, close-range photogrammetry (CRP) is em-
ployed using photographs taken with an unmanned aerial vehicle (UAV) to generate a dense cloud
model. The results demonstrate the compatibility of the CRP with FEM, making the technique a
viable and efficient option for various engineered and natural ground systems. CRP is proved as an
outstanding monitoring technic by being fast, cost-effective, sustainable, and non-destructive
compared to conventional methods.

Keywords: Retaining Wall; Unmanned Aerial Vehicle (UAV); Close Range Photogrammetry
(CRP); Monitoring; FEM

1. Introduction

Nowadays, a lot of attention is paid to the ecosystem and our surroundings. It is
vital for humankind, regardless of where they live, to protect their environment from
undesirable natural effects like geohazards. Methods for safeguarding and sustaining
geotechnical assets such as slopes, retaining walls, embankments, etc., have improved
over the past few decades in conjunction with advancements in construction techniques.

The soil is a natural major system composed of various elements that combine to
form a wide range of geologic and biogenic systems. These systems operate autono-
mously, and the behavior and mode of failure in the soil system vary depending on the
type, origin, and quantity of the involved elements [1]. It is essential to maintain ge-
otechnical structures from any kind of failure, particularly those that occur over a long
period of time with no obvious signs of rupture. These types of failures are often the re-
sult of inadequate design or maintenance, material degradation, the use of inappropriate
backfill material, or poor drainage systems [2-5]. Monitoring movements and defor-
mations in geotechnical structures is important because it allows for the detection and
correction of anomalies at an early stage, thereby increasing the service life of the struc-
ture and preventing potential disasters. There are several methods for monitoring ge-
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otechnical structures, including traditional methods such as precise leveling and total
station surveying, as well as more advanced techniques that utilize technologies like
global positioning system GPS, interferometric synthetic aperture radar (inSAR), and
satellite or aerial photogrammetry.

Manual 3D reconstruction using handheld devices can be limited in its ability to
produce accurate models of structures due to physical limitations. Using Unmanned
Aerial Vehicles (UAVs), optimal scanning methods, and onboard machine learning al-
gorithms may provide a more scalable and effective method for 3D reconstruction [6-9].
The use of UAV technology to investigate geotechnical assets could be important in the
creation of safe and cost-effective structures. The advantages of sustainable and
non-contact monitoring methods, such as high precision, automation, and artificial intel-
ligence, are becoming increasingly apparent as displacement monitoring systems con-
tinue to advance [10].

Photogrammetry involves the reconstruction of objects from different images and
perspectives. This method utilizes digital twin technology, which is a virtual copy of a
physical object that accurately represents the properties and behaviors of its physical
counterpart in the physical space through modeling and real-time data exchange, al-
lowing for learning, reasoning, and dynamic recalibration to improve decision-making
[11, 12]. Other studies have also highlighted the potential of photogrammetry in civil
engineering applications, particularly in the monitoring and analysis of geotechnical as-
sets such as slopes, embankments, and retaining walls [13]. Additionally, the integration
of photogrammetry with other technologies such as laser scanning and GPS can provide
more accurate and detailed information for monitoring and analysis [14]. The use of
UAVs for photogrammetry has also been shown to be an efficient and cost-effective op-
tion for collecting data in remote or hard-to-reach areas [15]. Furthermore, there are
studies that compared the use of Photogrammetry and other monitoring techniques such
as inclinometer, total station or GPS and showed that photogrammetry is a more efficient
and precise method in monitoring land movements and deformations [16, 17].

The integration of photogrammetry with other technologies and the use of UAVs
can provide more accurate and detailed information for decision-making and risk man-
agement. Therefore, among various types of photogrammetry, the Close-Range Photo-
grammetry (CRP) is becoming more prevalent in engineering applications as computer
processing power, data storage capacity, digital picture capture, and processing devices
is improved. The main applications of close-range photogrammetry include measuring
the deformation of structures, modeling buildings, documenting artifacts, performing
reverse engineering, reconstructing traffic accidents, and criminal investigations.
Close-range photogrammetry as a sustainable method has been extensively used since
the 1960s, with applications in architecture and archaeology [18]. In 2018, Ekinci and
Bazarbek adopted the CRP method to monitor the volume change behavior of small
scaled stabilized clay samples. Traditional measuring methods have endorsed the CRP
findings while considering the diameter and height of specimens both before and after
testing [19]. The accuracy and potential of photogrammetric approaches have also been
noted in various works in recent decades [20-24].

The current study aims to discuss the Close-Range Photogrammetry monitoring
process through its application in a case study. The study area is close to Kyrenia castle, a
historical place requiring high-level attention to keep it safe from any possible landslide
or geohazard. We anticipate that the observations of the case study will indicate that
close-range photogrammetry can be considered a routine monitoring method with the
advantage of being cost-effective, non-destructive, and precise.

2. Materials and Methods
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This study utilized the photogrammetry process which involved several steps, as
outlined in Figure 1. A walkover survey and desk study were conducted to gather topo-
graphic data for the study area. Target locations were then plotted based on the initial
data analysis and printed on laminated A4 paper for durability in various weather con-
ditions. These retroreflective targets were placed on site to facilitate alignment between
epochs, with the number of targets varying depending on the morphology of the research
area. The targets served as ground control points and their positions were recorded using
the Pentax Arrangement G6 GNSS (Global Navigation Satellite System). The utilization
of ground control points enhances the precision of the generated point digital elevation
model (DEM).
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Figure 1. The aerial close-range photogrammetry procedure stages.
2.1. Image collection

Initially in this phase image collection was performed by taking numerous
high-quality photos of the study area from various angles in different time lapses within
a period of two years. Later, the 3D models were generated for each period of time and
were compared to evaluate the displacement in the study area.

The study used a DJI PHANTOM 3 unmanned aerial vehicle (UAV) equipped with
a 12-megapixel Sony EXMOR camera. This UAV remotely took 120 overlapping photos
(with 70% overlap) at each point in time. The battery life and memory space of the cam-
era were constantly checked during the process.

2.2. Image Processing

The image processing includes a three-step process: creating a 3D cloud, aligning
the images to a map, and comparing the point clouds. Creating the 3D point cloud in-
volves multiple steps that can be done using software such as PhotoScan (Agisoft), Pho-
toModeler, or open-source tools like Photosynth and Bundler [25, 26].
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PhotoScan software was used for image processing, as it offers effective solutions
for constructing multi-view 3D models. Hyper-scale 3D landform models were extracted
using Structure-from-Motion (5fM) photogrammetry, which utilizes overlapping images
taken from different angles [27, 28]. To enhance the accuracy of 3D point cloud construc-
tion, it is crucial to remove blurry or misaligned images. Using PhotoScan, the photo-
graphs are aligned by repeatedly adjusting the camera orientation and position through a
least-squares alignment method. In this phase, the program creates a sparse model of
point cloud and determines depth information by using calculated camera positions. The
user can adjust the point cloud's quality and depth parameters. It has been found that
removing noise and points outside the workspace before executing the dense cloud
building process can improve the processing time and quality of the final dense cloud.

2.3. Data Processing

The final stage of data processing involved georeferencing and comparing point
clouds from various epochs using software packages such as CloudCompare, I-Site Stu-
dio, or 3DReshaper. These software tools allow for the alignment of different epochs us-
ing reference points in various 3D models and provide the ability to compare point
clouds in order to identify changes over time [29-31].

To process and compare the data from two dense 3D point clouds, the clouds from
two different points in time were exported to CloudCompare in the (laz) file format. Be-
fore comparison, the point clouds were aligned using the Iterative Closed Point Pro-
cessing algorithm of CloudCompare. It is important to ensure that the point clouds have
a close overlap for optimal alignment. In some cases, manual selection of targets may be
necessary when automatic alignment is not successful. It is essential to check non-moving
targets off-site to properly align the point clouds.

3. Case Study

In this case study, the retaining walls of a slope located beside the Kyrenia Castle in
the northern part of Cyprus were monitored (Figure 2) in over a two-year period. The
retaining walls are located adjacent to the historical Kyrenia castle and the seashore-line,
and therefore, the stability of them are of great importance from both archeological and
environmental points of view. Additionally, it was important to secure the carpark and
sports hall at the top of the slope. The walls seen on Figure 2 were constructed at different
times and consists of reinforced concreate wall and gravity retaining wall combinations.
Using the CRP method for this kind of situation helps preserving the areas in a sustain-
able way through saving working hours and cost [32].

Figure 2. The retaining walls in the adjacent Kyrenia Castle in Northern Cyprus.
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3.1. Photogrammetry

In the photogrammetry process, the satellite photos of the area from 2008 to 2020
were obtained from google earth. As it is shown in Figure 3, in 2008 there were no sig-
nificant problems with the slope; however, in 2010 the tip of the landslide, erosion area,
started to appear. After three years when the destructive process of the landslide was
continuing, the Kyrenia Municipality decided to construct retaining walls to protect the
slope in 2013, as shown in Figure 3. Due to the lack of proper design, the footing of the
walls is embedded over the slide instead of passing through it. Therefore, these walls not
only fail to reinforce the slope from sliding but also aggravated it with their undesirable
excess load. Based on the last photo taken in 2020, the landslide process has led to de-
struction of the half of car park in the picture in comparison with the photo taken in 2008.

Figure 3. The satellite photos of the study area in different years.

In respect to steps given on Figure 1, the photogrammetry process was performed
by using an UAV. A dense cloud was created, which can be seen in Figure 4. The photo-
grammetry process has been done in over a period of 2 years.
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Figure 4. The study area's point cloud and the position of the section chosen for comparison with
the FEM.

Each pixel of the photo in Figure 4 contains geometric data, the results of comparing
these data in different epochs reveals the movement process of the wall in the section
A-A (Figure 4).

As it is demonstrated in Figure 5, a significant displacement of about 40 cm has
occurred between epoch-1 and epoch-2 in the wall from January 2018 to December 2019
period.
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Figure 5. Comparison of epochs at section A-A with close-range photogrammetry method.
3.2. Numerical Analyses

In order to determine the current condition of the site and validate the results ob-
tained from the photogrammetry study Finite Element Method (FEM) software packages,
namely Geo5 and Plaxis 2D, were used in this study to analyze the area in the 2D. It is
essential to give the most accurate soil parameters to the software as input to achieve a
successful numerical model. In this respect site investigation was performed on the area.
Standard penetration test was performed, and undisturbed samples were taken to pre-
form laboratory test. Sieve analysis, consistency limit tests, consolidation and consoli-
dated drained tests were performed on undisturbed samples. As a result of all site and
lab tests an ideal soil profile was formed so that it can be imputed to numerical analyses.
It is also important to use accurate topographical data in slope stability analysis. In this
respect A-A section seen on Figure 4 was exported to the numerical analysis software as a
surface geometry. Therefor the photogrammetric study aided the topography require-
ments of the study as well. The Figure 6 shows that the observed slide has both rotational
and transitional features. The other main part revealed in the investigation via the FEM
tools was the presence of the toe of the slide in the sea. The movement vectors in the
photo express the direction of the slide and there is no force to resist the movement.
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These findings are in agreement with the photogrammetry study. As it can be seen in
Figure 6. the toe is displayed below the sea level and this observation is of great im-
portance for the design process of any future support structure.
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Figure 6. The schematic picture of the slide was generated with the geo5 software.

To clarify that toe of the slide extended into the sea, at the mentioned point, a
bathymetric survey was adopted. The bulge area was surveyed by a GNSS equipment,
and the topography results proved that the toe of the slide was located in the water as
shown in Figure 7.

Figure 7. The bathymetric survey of the slide’s toe in the sea with the GNSS.
4. Conclusions

In this study, close-range photogrammetry was used to monitor the slope adjacent to the
historical Kyrenia Castle. The results of this method were validated through numerical
analyses with numerical software packages. The study compared the movement of the
slope over a two-year period, from January 2018 to December 2019, and found that the
slope moved more in the first year than it did in the whole two years. It was also ob-
served that the slope can still experience significant movement after sliding for 8 years.
The study concludes that the retaining walls built on the slope have actually accelerated
the sliding process, and that the toe of the slide was located in the sea, as confirmed
through depth measurement using GNSS. This indicates that the retaining walls are not
effective in preventing the slide, even if they are designed properly. The findings in the
mentioned case study demonstrate that close-range photogrammetry is a reliable,
cost-effective, non-destructive, and accurate method for monitoring slopes and retaining
walls and can be a valuable tool in geotechnical engineering helping to prevent sudden
failures and further maintenance expenses. It also indicates that the slope stability of
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critical assets should be continuously monitored and evaluated, and the design and
maintenance of the retaining walls should be reconsidered and reviewed to avoid further
damage or collapse.
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