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ABSTRACT: 

 

This paper presents a methodology for slope instability monitoring using photogrammetric techniques with very high resolution 

images from an unmanned aerial vehicle (UAV). An unstable area located in La Guardia (Jaen, Southern Spain), where an active 

mud flow has been identified, was surveyed between 2012 and 2014 by means of four UAV flights. These surveys were also 

compared with those data from a previous conventional aerial photogrammetric and LiDAR survey. The UAV was an octocopter 

equipped with GPS, inertial units and a mirrorless interchangeable-lens camera. The flight height was 90 m, which allowed covering 

an area of about 250 x 100 m with a ground pixel size of 2.5 cm. The orientation of the UAV flights were carried out by means of 

ground control points measured with GPS, but the previous aerial photogrammetric/LiDAR flight was oriented by means of direct 

georeferencing with in flight positioning and inertial data, although some common ground control points were used to adjust all 

flights in the same reference system. The DSMs of all surveys were obtained by automatic image correlation and then the differential 

models were calculated, allowing estimate changes in the surface. At the same time, orthophotos were obtained so horizontal and 

vertical displacements between relevant points were registered. Significant displacements were observed between some campaigns 

(some centimeters on the vertical and meters on the horizontal). Finally, we have analyzed the relation of displacements to rainfalls 

in recent years in the area, finding a significant temporal correlation between the two variables. 

 

 

1. INTRODUCTION 

The use of photogrammetric techniques in the study of 

landslides, and especially in analyzing its evolution, is 

becoming increasingly widespread (Walstra et al., 2004; 

Cardenal et al., 2006; DeWitte et al., 2008; Kasperki et al., 

2010; Prokešová et al., 2010; Fernández et al., 2011, 2012). In 

these studies, the image block orientation is based on aerial 

triangulation techniques and bundle adjustment, using a small 

number of ground control points (GCP) measured with GPS. 

After image orientation, digital elevation models (DEM) are 

calculated by automatic matching techniques. Based on 

different DEMs from successive epochs, some quantitative 

approaches (such as obtaining differential DEM between 

campaigns, topographic profiles, volumetric calculations and 

3D displacement vectors), but also observations for qualitative 

characterization of movements, can be addressed. 

 

Meanwhile, unmanned aerial vehicles (UAV) have been 

expanding their uses in civil matters (Nonami, 2007) such as in 

precision agriculture (Grenzdorffer et al., 2008), civil defense 

and fires (Maza et al., 2011), and more recently in engineering, 

environment and surveying. In the case of landslides, the 

employment of UAVs ranges from support to other remote 

sensing techniques (Gong et al., 2010), to other techniques such 

as landslide inventories by photointerpretation (Lin et al., 

2010), the study of the effects of catastrophic events (Yeh et al., 

2011) or the assessment of the exposure of buildings or 

infrastructure to landslides risk (Liu et al., 2011). In other cases, 

more complex analyses have been developed, obtaining DEM 

and orthophotographs of several campaigns from which the 

evolution of movements can be addressed by measuring –in a 

more or less automatic way- vertical and horizontal 

displacements (Niethammer et al., 2012; Fernández et al., 2013, 

2014; Turner et al., 2015) or by analyzing the fissures in the 

mobilized mass (Stumpf et al., 2013). 

 

In this work we have used an UAV to capture high accuracy 

and resolution field data in a quick and effective way. From the 

photographs taken at a given height, stereoscopic models are 

obtained that allow, on one hand, the detailed observation of 

terrain features; and on the other, the development of DEMs 

and orthophotos. Comparing data from a different UAV surveys 

and a previous photogrammetric flight at 2010, the evolution of 

a mud flow and some data on its activity and diachroneity can 

be studied (Chacón et al., 2010 ).  

 

 

2. STUDY ZONE AND LANDSLIDES 

The area is located in an agricultural land on the hillslope above 

the A-44 highway in La Guardia de Jaén (Southern Spain, 

Figure 1). In this area there are a large number of movements 

evidences (Fernández et al., 2012 b). Most of them correspond 

to mud flows (Varnes, 1978) such as the studied movement 

(Figure 2), although there are also slide-type movements. They 

are located on the geological Guadalquivir Units, a set of 

materials with a complex structure and nature, in which 

predominate the following formations: Triassic evaporites and 

shales, Cretaceous-Paleogene marls and clays of an affinity with 

Subbetic Unities, and Miocene loamy-clay sediments belonging 

to the Guadalquivir basin. 
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In this area, the units of the Guadalquivir are override by 

Intermediate Betic Units represented by powerful series of 

pleated Middle Jurassic limestones (Navarro et al., 2012), 

which form a prominent relief. This thrust is cut by normal 

faults oriented NNW-SSE. Both type of tectonic accidents 

present geomorphological and seismic evidence of activity 

(Sánchez-Gómez et al, 2008), which may be related to the 

elevation of the reliefs and the latest instability of slopes. The 

contact is dotted with small alluvial fans, powerful foot slopes 

tanks and travertine, associated with sources or springs at the 

foot of the Jurassic limestones. Most of the travertine areas are 

involved in old movements, indicating a direct relationship 

between them and the springs. In the case studied, travertine 

crusts are observed over the sliding clays and loams, showing a 

sourcing of water more or less continuously.  

 

 

Figure 1. Area location and distribution of flights. 

 

 

Figura 2. Studied landslide. 

 

 

3. METHODOLOGY 

The methodology is based on digital photogrammetry 

techniques, used in previous works of the research group 

(Cardenal et al, 2006; Fernández et al, 2011), although with 

specific variants of the use of UAV (Fernández et al., 2013, 

2014). It can be summarized in the following steps: 

 

1. Data capture: planning and execution of the UAV flight. 

2. Georeferencing and flights orientation. 

3. Obtaining DSM and orthophotos. 

4. Comparison of observation campaigns. 

 

3.1 Data capture: planning and execution of the UAV flight 

For this study, there have been available four UAV flights of 

high resolution and accuracy between November 2012 and 

March 2014. Additionally, there has been available a previous 

photogrammetric flight, with both camera and LiDAR, in May 

2010. The characteristics of the flights are shown in Table 1 and 

their spatial distribution in Figure 1. 

 

Campaign Bands Format GSD LiDAR 

Mar-2014  Digital 0,03 m No 

Nov-2013 RGB Digital 0,03 m No 

Mar-2013 RGB Digital 0,03 m No 

Nov-2012 RGB Digital 0,03 m No 

May-2010 RGB-NIR Digital 0,20 m Yes 

Table 1. Properties of datasets and flights. 

 

The flights from November 2012 and March 2014 were made 

with a light UAV, the Falcon 8 ASCTEC model from 

Ascending Technologies (ASCTEC, 2015), equipped with GPS, 

inertial system (IMU) and 8 rotors, allowing an adequate 

stabilization in air (Figure 3). It is controlled remotely with a 

mobile field station, although the flight can be programmed 

with an autopilot navigation system. It weighs about 2.2 kg 

(with full payload including camera, batteries and navigation 

systems). It uses a mirrorless interchangeable-lens camera 

(MILC) Sony Nex-5N (14.2 mpx) with a 16 mm wide angle 

lens. The flight range is up to 20 minutes. 

 

< 

< 

Figure 3. ASCTEC Falcon 8 model. 

 

The flight planning was made once recognized the terrain, using 

the ASCTEC Navigator software. The parameters selected for 

the flight planning were the flying height above terrain (which 

determines the ground sample distance, GSD, or pixel size), the 

camera angle (vertical or oblique photographs), number of 

strips, number of waypoints per strip which determines the 

number of photographs, overlaps (both endlap and sidelap) and 

starting point), etc. The UAV flight planning has been the same 

for all the flights and it is shown in Figure 4. To cover an area 

of about 250 m x 100 m with 2.5 cm of GSD, it was necessary 

to fly about 90 m above the terrain, which means 15 

photographs in 3 strips at different flying heights in order to 

maintain the same average GSD in all strips (Table 1). 
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Figure 4. Planning of UAV flight. 

 

To compare with previous data, an aerial flight of 2010 has 

been used. This flight combined an aerial digital metric camera 

(Z/I DMC) and a LiDAR sensor (Leica ALS50-II) with 

GPS/IMU systems. The GSD of this flight was 20 cm. 

 

3.2 Georeferencing and flights orientation  

For orientation of UAV flights it has been necessary to survey 

16 GCP well distributed, all around the unstable area but also 

some of them inside the area following conventional 

distribution of GCP networks for aerial triangulation (Kraus, 

2007). The GCP were artificial circular shaped targets, easily 

identifiable in photographs, and they were measured by 

differential GPS with centimeter accuracy (Figure 5). 

 

 

Figure 5. Measurement of control points using GPS positioning. 

 

From these GCP and some hundreds of automatically measured 

tie points on the images, the photogrammetric orientation was 

made through a process of triangulation and bundle block 

adjustment (Kraus, 2007) and Structure for Motion (SfM) 

techniques. Two digital photogrammetric stations, Photoscan 

software (for initial calculations and DSM generation) and 

Socet Set DPW (for DSM edition, orthophoto generation and 

stereo analysis) were used.  

 

On its hand, the 2010 flight was initially processed with the in-

flight direct orientation parameters (GPS/INS), but in addition, 

a set of second order control points extracted from the UAV 

flights were used. These new control points allowed the 

refinement in the adjustment of the 2010 flight to a common 

reference system from the UAV flights. These new points were 

stable and clearly identifiable features in all flights, so points in 

unstable regions were avoided.  

3.3 Obtaining DSM and orthophotos 

The digital surface models (DSM) of all flights (UAV and 

2010), were obtained by automatic correlation (matching) from 

stereoscopic oriented models, using the dense point cloud tools 

of PhotoScan software (Figure 6). In this case, unlike in 

previous works (Fernández et al., 2013), we work with DSM 

and not with DTM, because the area has a high density of 

vegetation (scrubs and bush has grown intensely in this last year 

as a result of rainfalls), so that DTM could not be obtained with 

reliability neither by automatic techniques (filtering) nor by 

editing the models in the photogrammetric workstations, which 

otherwise would consume a lot of time not justified. The 

resolution of the DSM is 0.1 m for UAV flights and 0.5 m for 

2010 flight. 

 

Orthophotos, shown in Figure 7, were obtained from models by 

corresponding software tools mentioned above. Orthophotos 

from UAV flights were obtained with a resolution of 2.5 cm, 

while orthophotos from 2010 flight have a resolution of 25 cm.  

 

3.4 Comparison between observation campaigns 

The comparison between observation campaigns has been based 

on the analysis of differences between the DSMs and 

orthoimages described above. The displacement measurements, 

based on orthophoto analysis, were made between relevant 

objects identified on them, corresponding to scrubs, trails or 

stones (Figure 7). So the orthophotos and DSMs of two 

consecutive campaigns were loaded and overlayed in Socet Set 

DPW. Therefore the measurements of the point coordinates and 

displacements between relevant points were determined in 3D 

with the stereo viewing tools of Socet Set DPW. With this 

methodology, the horizontal component of displacement is 

fairly accurate, while in the vertical component the accuracy is 

not so assured, despite the measurements were carefully made at 

the base of the scrub, close to the terrain surface.  

 

The differential models have been obtained only for qualitative 

observations and not for quantitative estimations as in previous 

works (Fernández et al., 2012a, 2013), because is not possible 

to obtain DTM, and reliable comparison between DSM is only 

valid in areas without scrubs.   

 

 

4. RESULTS AND DISCUSSION 

As preliminary results, we can highlight first some qualitative 

aspects. From Figures 6 and 7, it can be observed a flow type 

movement (Varnes, 1978) with a well-developed back-scarp of 

about 2-3 meters high, in a closed head area, not having flat or 

counterslope shapes evidencing a rotation mechanism. Neither 

minor scarp is observed, but there are numerous cracks and 

hollows where water accumulates. The landslide crown has a 

semicircular shape, with some evidence of growth to upslope, 

but without back cracks beyond a few meters. This crown is 

transformed in two lateral flanks where a rise of the ground 

surface is observed. 

 

The main body or mass is quite disorganized, with abundant 

transverse cracks, ending in a foot or accumulation zone well 

developed and extended downslope over the original ground. 

The estimated thickness of the mass is quite small (probably not 

more than 2 meters). So bearing in mind that the length is about 

175 m, it means a depth-length ratio of about 1%, characteristic 

of movements of flow type. 
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Figure 6. Landslide evolution. In orange: Areas where the DSM descends (depletion); in blue: Areas where the DSM ascends 

(accumulation or vegetation growth); green: Areas with changes out of range (intense growth of vegetation). A: May 2010-November 

2012; B: November 2012- March 2013; C: November 2013- November 2013; D: November 2013-March 2014. 

A B 

C D 
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Figure 7. Orthophotos and horizontal displacements. A: Flight on May 2010; B: Flight on November 2012; C: Displacement vectors 

between flights on May 2010 and November 2012; D: Flight on March 2013; E: Flight on November 2013; F: Displacement vectors 

between flights on March 2013 and November 2013. 
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The comparison between DSMs shows a certain evolution 

between 2010 and March 2014, showing the characteristics of 

depletion areas at the head and accumulation at the foot, which 

can be observed despite changes in vegetation between the 

different campaigns. This evolution is mostly related to some 

retraction of the slope above the crown producing terrain 

decreases of metric order. In addition, small decreases of the 

terrain surface in the order of centimeters are observed at the 

head, and small lifts in the order of decimeters are also observed 

at the accumulation zone of the foot (Figure 6). 

 

The analysis of the orthophotos (Figure 7) allows to detect 

horizontal displacements of metric order between 2010 and 

2014, measured at relevant points of the mass corresponding to 

scrubs, paths or stones (Table 2), although the displacement has 

occurred in a discontinuous pattern, as it will be discussed 

afterwards. The evolution of the mass follows the general 

inclination of the hillslope close to the North although at the 

foot it turns slightly towards the NW. Likewise, it is observed a 

dispersion of the displacement vectors at the central area which 

is indicative of a certain characteristic mass spins flowing in a 

chaotic manner. 

 

Displacements Horizontal Vertical 

Periods Abs. Rate Direct. Abs. Rate 

Nov2013-Mar2014 0,08 0,24 355,34 -0,03 -0,09 

Mar2013-Nov2013 2,95 4,47 352,12 -0,22 -0,34 

Nov2012-Mar2013 0,10 0,30 356,22 -0,04 -0,11 

May2010-Nov2012 5,66 2,26 350,63 -1,71 -0,69 

Table 2. Average displacements of relevant points between 

observation campaigns. 

 

The largest absolute displacements are observed in the first 

period considered (the longest on the other part) between May 

2010 and November 2012 with 5.66 m on average that results in 

an average rate of 2,26 m/year. A period of inactivity is 

observed with virtually null displacements until March 2013, 

after which a recovery phase starts, with the highest rates of 

average displacement (4,47 m/year) until November 2013. 

Finally, a new period of stability between November 2013 and 

March 2014 is reached.  

 

In addition to the surveys, the weather data from the 

meteorological station at the University of Jaén (Figure 8), close 

to the study area, indicates that the hydrological year 2009-

2010, previous to the 2010 flight, was quite rainy, with heavy 

precipitations that caused numerous phenomena of instability 

slopes in the region (Fernández et al., 2012). From December 

2009 to March 2010 rainfalls exceeding 500 mm (230% of the 

mean value for that period) were recorded. From the date of the 

reference flight at 2010 until November 2012, there have been 

two rainy episodes in autumns 2010 and 2012. In the first one, 

there was a cumulative rainfall of 415 mm between September 

and December 2010 (190% of the mean value); in the second, 

there was a cumulative precipitation from September to 

November 2012 of 283 mm (198% of the mean value). After 

these intense rainfalls, and after the first UAV flight in 

November 2012, the months of December and January were less 

humid, with values below average, although from February to 

April 2013 were recorded again heavy rainfalls up to 265 mm 

(279% of the mean value). Finally, the cycle of 2013-14 started 

fairly dry, although from December to February the rainfalls 

were slightly above average (120% of the mean value). The rest 

of the year is within the mean values or even below them. 

 

Figure 8. Rainfalls at the station of the University of Jaén, next 

to the studied zone 

 

From displacement data and precipitations of the study area, the 

following preliminary considerations can be drawn: 

 

 A well-developed landslide of flow type in a generally 

unstable zone has been observed, due to a geological 

context susceptible to these movements: loamy-clay 

materials, thrusting by a pack of carbonate rocks that 

provide water to the slope in the rainy season (it is 

proved by the springs and travertine crusts existing in 

the area). 

 The current flow is generated before May 2010, 

probably in the same hydrologic year because there 

are orthophotos from previous dates (National Plan of 

Orthophotographs, PNOA 2009) in which neither the 

mass nor the current escarpment is observed, although 

there are some evidences of instability (Fernández et 

al., 2012). 

 After that date, the first UAV survey is in November 

2012 when evidences of instability are observed. 

These movements may have been caused by some of 

the rainfall events described (autumn 2010 or 2012). 

The observation of the PNOA 2011 orthophoto 

suggests that most of the displacement occurs in the 

autumn of 2010 related to first period. 

 Between November 2012 and March 2013 no major 

changes were observed, although the process was 

reactivated between March and November 2013, most 

likely due to rainfalls of March-April of that year, 

which were higher than in the autumn of 2013 that 

was quite dry. In fact, although from December began 

a new period of rainfalls, no activity has been 

observed between November 2013 and March 2014. 

 Overall, the flow can be considered as active or 

suspended, although the observation of previous 

orthophotos suggests a diachronic evolution (Chacón 

et al., 2010), which must be clarified with additional 

data. 

 

 

5. CONCLUSIONS 

The use of unmanned aerial vehicles (UAV) is a useful tool for 

fast, high resolution and precision surveys in areas of about 100 

to 10.000 meters size. Until now, in the civil fields, they have 

been used in precision agriculture and civil protection, but it is 

beginning to be applied in engineering and, more specifically, 

in studies of slope instability including cliffs and road cuts, due 

to the possibility of making oblique photographs. UAV 

techniques can fill the gap between conventional aerial and 

terrestrial techniques with accuracies from 1 to 10 cm.  
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In this sense, light equipment, such as that used in this work, is 

well suited for updates and landslide monitoring, and so for 

disaster management as it is summarized in Tables 3 and 4. It 

allows working with intermediate scales between terrestrial 

techniques (GPS, classic surveying, terrestrial laser scanner, 

terrestrial photogrammetry, etc.) and aerial or space surveys 

(photogrammetry, VHR satellite remote sensing, LiDAR, 

InSAR). At this scale, detailed morphological features can be 

still observed, while allowing the cover of relatively large areas. 

Light UAVs are very agile and easy to operate compared to 

other heavier equipment. Also field surveys can be done within 

a few hours of work, including the measurement of ground 

control points (GCP).  

 

Since these light UAVs can be also equipped with different 

sensors (infrared cameras, LiDAR, Radar, etc.), its potential 

will increase. The use of more conventional photogrammetric 

and Structure for Motion (SfM) techniques allows to orient 

UAV flights and to obtain DSM-DTM and orthophotographs 

from which vertical and horizontal displacements and 

volumetric changes can be calculated. Some works have made 

advances in co-registration methodologies of multi-temporal 

images datasets by means points or zones, and in development 

of algorithms for detecting surface motions (Table 3). However 

the elimination or reduction of GCP (a time consuming task) is 

not yet possible unless more accurate position and inertial 

systems can be used on board of light UAVs, although these 

new systems will soon be available.  

 

Regarding the results obtained in this study, the UAV has 

allowed the characterization of the slope movement flow rate 

and some morphological features (slopes, lateral limits, tension 

cracks, landslide deposit, foot, etc.) on a hillslope of 

hectometric dimensions. Also the technique allows the 

monitoring analysis by measuring vertical displacements in the 

DSMs and horizontal displacements of relevant points in the 

orthophotos (Table 3). Both DSMs and orthophotos at different 

epochs have been obtained from aerial photographs of the UAV 

surveys and a previous photogrammetric flight at 2010, using a 

methodology based on conventional photogrammetric and SfM 

techniques (Tables 3 and 4). On its hand, DTMs are difficult to 

obtain and compare in a zone with changes in the vegetation 

state. So, it has been possible to measure vertical and horizontal 

displacements in the order of centimeters to meters between the 

different flights. These displacements have been correlated to 

the rain events that have occurred in the region between the 

different epochs. 

 

Future work will deal with advances in the methodology, 

regarding the reduction of ground control points applying 

methods of direct orientation, and the automatic detection of 

surface motions (Table 4). However, in this work the chaotic 

nature of the mudflow, combined with a high seasonal 

variability on the vegetation cover, make difficult the use of 

these automated tools. Other improvements are the use of 

additional UAV surveys as well as some historical flights to 

monitor the flow evolution. Similarly, other sensors can be 

incorporated both in the spectral domain (i.e. near and thermal 

infrared sensors) and in the geometric domain (LiDAR and 

RADAR). Even terrestrial probes (rain, humidity, movement) in 

wireless networks (WSN) can be used. Other areas of interest 

include mapping of morphological features, such as cracks or 

landslide limits, and the measurement of 3D displacement 

vectors that allow a better understanding of the movement 

kinematics. 

Authors Similarities Differences 

Gong et al., 

(2010) 

 

Very-high resolution 

images after landslides 

episodes (earthquake) 

UAV images sup-

port RS techni-

ques (ground truth 

to verification) 

Lin et al., 

(2010) 

Very-high resolu-tion 

images after landslides 

episodes 

Landslide inven-

tories by photo-

interpretation 

from UAV images 

Liu et al., 

(2011) 

Very-high resolution 

images after landslides 

episodes 

Assessment of the 

exposure of infra-

structure and buil-

dings to landslide  

Yeh et al., 

(2011) 

High resolution ima-

ges after landslides 

episodes (typhoon); 

Aerial triangulation 

and rectification 

DSM-DTM creation 

UAV data used 

only to recons-

truct the 3D 

environment after 

the event 

Niethammer 

et al, (2012) 

Very high resolution 

images oriented with 

SfM techniques; 

DSM-DTM and ortho-

photograph generation 

from several datasets; 

Vertical and horizon-

tal displacements are 

measured 

Historical imagery use 

Combining and 

comparing with 

TLS techniques;  

Analysis of 

bedrock fissures 

by means textural 

image analysis  

Stumpf et 

al., (2013) 

Very high resolution 

images oriented with 

SfM techniques 

Historical imagery use  

Recognizing of 

fissures in the 

mass by textural 

image analysis 

Turner et 

al., (2015) 

Very high resolution 

images oriented with 

SfM techniques; 

DSM-DTM creation 

Vertical displacements 

and volumetric 

changes are measured; 

Historical imagery; 

Co-registration multi-

temporal UAV dataset 

Use of image 

correlation algo-

rithms for surface 

motion detection; 

Co-registration is 

made by means of 

zones 

Table 3. Comparison of this study with similar other ones. 

 

Method strengths Method weakness 

Viability of UAV techniques for 

landslides monitoring. 

Photogrammetric and SfM tech-

niques give the high resolution 

and accuracy required for some 

risk prevention analysis. 

UAV use is optimal because of 

the readiness to mission planning 

and fast of image capture. 

UAV field work in small size 

areas is not time consuming. 

The used approach is fast since 

DTMs are not extensively edited, 

since DTM edition is a 

cumbersome task. 

Ground control points 

are needed, being the 

most time consuming 

field task. 

Measurement of 

vertical displace-

ments is rather 

difficult in those areas 

of fast seasonal 

vegetation growing.  

Horizontal displace-

ments are monitored 

from common points 

without automatic 

detections 

Table 4. Strengths and weakness of the methodology used in 

this study. 
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