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Abstract: Comparison of LIDAR datasets were shown as useful in obtaining information about 
displacement fields of active landslides. Iterative closest point (ICP) and digital image correlation 
(DIC) are two main approaches used for this aim. Whereas ICP is based on precisely matching 
point-clouds, DIC is based on cross-correlation of remotely sensed digital imageries. Although DIC 
is a popular application in fluid mechanics for quantifying flow velocity, its successful applications 
in estimating displacements resulted from landslides are available. Studies indicate that DIC is more 
suitable than ICP when computing displacements in the order of magnitude of several meters. DIC 
is applied to any raster dataset representing a surface property considering the specific advantages 
and disadvantages of these techniques. In the present study, DIC was applied for an active landslide 
(named Gschliefgraben) located in Upper Austria. Two time series of LIDAR data obtained in 11th 
February 2008 and 28th April 2008 was used. The precision of DEMs with 1*1m raster cell size is 
20 cm (horizontal) and 15 cm (vertical). Because Gschliefgraben is a big landslide system, DIC 
analysis was only made for small part of landslide area located close to the crown (head). This part 
was selected because more activation was observed between two series with visual inspection. 
Within the study area two separate active parts were observed. According to results, between two 
time series, the mean displacement rates in these more active parts within study area were obtained 
0.66 m (max. 2 m) with sub-pixel precision image matching. 
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Introduction 
 
Understanding of landslides and their mechanisms is crucial for reduction of landslide hazard. Because landslides 
are responsible for human casualties, property damage and environmental degradation. Quantification of 
kinematics of the movement, mostly superficial displacements, is a way of monitoring of a landslide (Gili et al., 
2000). Periodic acquisition and analysis of a series of observations over time are needed for monitoring landslides 
(Stumpf, 2013). Remote sensing is one of the most important technique used in landslide monitoring (Savvaidis, 
2003), especially LIDAR systems have gained wider acceptance due to increasing availability, possibility of high 
density point clouds, and very high resolution 3D information of terrain with high accuracies (Baldo et al., 2009; 
Barnhart and Crosby, 2013; Jaboyedoff et al., 2012).  
 
Comparison of LIDAR datasets have been shown as useful in obtaining information about displacement fields of 
active landslides. Iterative closest point (ICP) and digital image correlation (DIC) are two main approaches used 
for this aim (Daehne and Corsini, 2013). Whereas ICP is based on precisely matching point-clouds, DIC is based 
on cross-correlation of remotely sensed digital imageries. DIC is an image processing technique used to measure 
deformation by comparing two digital images (Take, 2015). This technique was originally developed in the field 
of experimental solid mechanics (Peters and Ranson, 1982). Although DIC is popular in fluid mechanics for 
quantifying flow velocity, beginning in the late 1990s, DIC was also noticed as well-suited technique to 
geotechnical engineering applications (White et al., 2001; Take, 2003; Sadek et al., 2003). Image correlation have 
currently become one of the most efficient techniques to determine horizontal ground displacements due to volcano 
(Walter, 2011), earthquakes (Van Puymbroeck et al. 2000), landslides (Delacourt et al., 2004; Aryal et al., 2012; 
Travelletti et al., 2012; Daehne and Corsini, 2013), glaciers (Kääb et al., 2005), ice flows or sand dune migrations 
(Rosu et al., 2014).  
 
In the present study, two time series of LIDAR data obtained in 11th February 2008 and 28th April 2008 was used 
to apply DIC analysis in Gschliefgraben landslide. The precision of DEMs with 1*1m raster cell size is 20 cm 
(horizontal) and 15 cm (vertical). DIC analysis was applied by using image correlation software (CIAS), which 
matches offsets between two images based on normalized cross-correlation. DIC analysis was only made for small 
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part of landslide area (about 10 Ha) located close to the crown (head) of landslide. 
 
Materials and Methods 
 
Study Area and LIDAR Datasets 
 
Gschliefgraben landslide system, located in Upper Austria (municipality Gmunden), was selected as study area 
(Figure 1). The top, left, right, and bottom coordinates of the area in MGI/Austria GK M31: EPSG Projection are 
306000.25, 35399.75, 38500.25, and 303899.75, respectively. Detailed information on this landslide, an earth flow 
amounting about 3.8 million m3 accumulated solids, was well represented by Marschallinger et al. (2009). In the 
present study, two time series of LIDAR data obtained in 11th February 2008 and 28th April 2008 was used. The 
precision of DEMs with 1*1m raster cell size is 20 cm (horizontal) and 15 cm (vertical) (Figure 2). 
 

 
Figure 1. Location map of Gschliefgraben Catchment 

 

  
Figure 2. Shaded reliefs of LIDAR data: 11th February 2008 (left) and 28th April 2008 (right). 

 
Digital Image Correlation 
 
Digital image correlation (DIC) is a deformation measurement technique to obtain 2D/3D displacement field by 
correlating two image acquired at different time (Travelletti et al., 2012). The detailed description of cross-
correlation applied to image can be found in the literature (Adrian, 1991). DIC uses pixel intensity values to 
calculate incremental displacements with subpixel accuracy (Take, 2015). The basic parameters of the correlation 
are the “sliding window”, the “search space” and “step” (Rosu et al., 2014). One of images of the series is chosen 
as a reference image. All images are divided into small rectangular regions consisting of NxN pixels (vary from 
7x7 pixels to 70x70 pixels and even more) (Malesa et al., 2011). DIC algorithm is then tracking the position of 
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each subset from the reference image in all other images of the series. Corresponding subsets are matched by 
finding the maximum of the normalized cross-correlation function coefficient. For each subset in-plane 
displacement vectors are then calculated. The basic working principle of DIC is given in Figure 3. In the present 
study, DIC was applied to image pairs of “hillshade” grayscale images, derived from LIDAR DTMs. Because 
Gschliefgraben is a big landslide system, DIC analysis was only made for small part of landslide area located close 
to the crown (head) (Figure 4). This area was selected because more activation was observed between two series 
with visual inspection. Within the study area two separate active parts were observed. 
 

 

Figure 3. Schema of measuring surface displacements from two images acquired at different time by block-

correlation techniques (Kääb and Vollmer, 2000) 

 

Figure 4. Selected active part of Gschliefgraben landslide for DIC analysis 

 
DIC analysis was applied by using image correlation software (CIAS), which matches offsets between two images 
based on normalized cross-correlation. CIAS was originally written by M. Vollmer and A. Kääb (Kääb and 
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Vollmer, 2000). The inputs (i.e. both images need to be exactly same resolution and to be single channel 
(grayscale). The output is ASCII list of offsets in Cartesian and polar coordinates and correlation coefficients. 
Measuring an individual horizontal displacement vector basically follows two steps (Kääb and Vollmer, 2000): 
(1) choosing image section with sufficient contrast in image at time 1, called as “reference block”, (2) searching 
the corresponding image section within a sub-area in the image at time. The ground coordinates of central pixel 
within the reference block are known due to usage of already georeferenced data (“Geotiff”). The difference of 
coordinates of central pixel within reference block and coordinates of corresponding location of central pixel in 
test block where correlation coefficient is maximum provides displacement. The size of the test area has to be 
chosen according to expected displacement. Also, textural characteristics of the ground surface have to be taken 
in to account for choosing the size of reference and test blocks (Kääb and Vollmer, 2000). In the present study, 
size of reference block was 16, and size of test block was defined as 64. Then, results from DIC was compared 
with displacements estimated from tracking well-constrained morphological features on shaded relief images 
(Daehne and Corsini, 2013; Esparmer, 2010). 
 
Results and Discussion 
 
DIC analysis was used to determine displacement fields from two time series (11th February 2008 and 28th April 
2008) of LIDAR data with 1 m resolution in Gschliefgraben landslide. Between two time series there are 77 days. 
Shaded relief data with 1 m resolution were generated before DIC analysis was applied. CIAS software was 
selected, even though there are many other options (such as Cosi-corr, DPIVsoft Matlab, etc.) to apply DIC, 
because CIAS enables the users to use Geotiff data which is georeferenced, thus any further step is not necessary 
to convert the results to real world units. In the present study, there is no field check or any GPS surveying, however 
clearly identifiable features over the moving mass were tracked via visual inspection was carried out to get 
displacement rates in order to compare DIC results. The results were obtained as compatible with manually 
identified displacements rates. 
 
Study area selected for DIC analysis is 10.19 Ha and there are two more active parts clearly identifiable by visual 
inspection. DIC analysis provided high displacements within these 2 more active parts of landslide (depicted in 
Figure 5) as expected. According to results, between two time series, displacement rates within study area were 
obtained between 0-32.2 m with sub-pixel precision image matching. DIC provided displacements for 25445 
points. The mean displacement was obtained as 0.23 m. In the study area, 51 of all points have displacements 
higher than 2 m of which mean of maximum correlation coefficient is less than 0.70. Of these points, only 3 points 
showed displacement more than 30 m, 10 points showed displacement more than 20 m, 21 points showed 
displacements more than 10 m, and 17 points showed displacements more than 2 m. These points were interpreted 
as unrealistic (extreme) values of displacements which are not compatible with real situation. 
 

 
Figure 5. DIC results and two more active part of landslide (coded as 1 and 2) 
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Displacements obtained from DIC in two more active parts, coded as 1 and 2 (see Figure 5), were given in Figure 
6 and Figure 7. Between two time series, the mean displacement rates in these more active parts within study area 
were obtained 0.66 m (max. 2 m) with sub-pixel precision image matching. In first active part of landslide (code 
no 1), displacements were observed as mean of 0.86 m and also higher than 2 m of displacements available (red 
circle in Figure 6) was interpreted as unrealistic. Movement direction was observed as NW, as expected due to 
topography. As similar to 1 coded active part of landslide, higher than 2 m of displacements was interpreted as 
unrealistic in 2 coded active part of landslide. Mean displacement in the 2 coded active part of landslide was 
obtained as 0.64 m. The movement direction in this active part of landslide was observed as SW within the upper 
slope, and as W within the lower slope. 
 

 
Figure 6. DIC results and displacements from manually tracked features on shaded relief within 1 coded active 

part of landslide 

 

 
Figure 7. DIC results and displacements from manually tracked features on shaded relief within 2 coded active 

part of landslide. 
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Conclusion 
 
Our study showed that the DIC analysis applied to shaded relief from LIDAR data can provide spatially continues, 
smooth, and compatible displacement fields with real situation. As Aryal et al. (2012) and Daehne and Corsini 
(2013) stated, the accuracy of DIC displacement measurements is of the order of a few meters, which might be an 
acceptable limit. The success of DIC applied to LIDAR data is closely related to presence of morphological 
features which must maintain their shape remaining identifiable in shaded relief maps (Daehne and Corsini, 2013). 
Because we couldn’t have any information from field or any axillary data (such as GPS), the compatibility of 
displacements were evaluated by using displacements obtained by manual tracking of identifiable features over 
moving mass. Although the DIC analysis preferably requires having knowledge of displacement magnitude to 
constrain the parameters, the first-hand knowledge of displacement can easily be acquired by comparing positions 
of identifiable features over time (Aryal et al., 2012). 
 
Acknowledgements 
 
This study was granted by The Scientific and Technological Research Council of Turkey (TUBITAK) 2214/A-
BIDEB Science Fellowship and Grant Program (Application No: 1059B141400900) and TUBITAK 2219‐Post-
Doctoral Research Scholarship (Application no: 1059B191500602). The authors would like to thank Gerhard Volk 
for supports in achieving data. In addition, special thanks to Forest Technical Service for Torrent and Avalanche 
Control (Section Upper Austria, Linz) for providing LIDAR data. 
 
References 
 
Adrian, R.J. (1991) Particle-Imaging techniques for experimental fluid mechanics. Annual Review of Fluid 

Mechanics 23(1): 261–304. 
Aryal, A., Brooks, B.A., Reid, M.E., Bawden, G.W., & Pawlak, G.R. (2012) Displacement fields from point cloud 

data: Application of particle imaging velocimetry to landslide geodesy. Journal of Geophysical Research, 
117, F01029, doi:10.1029/2011JF002161. 

Baldo, M., Bicocchi, C., Chiocchini, U., Giordan, D.,& Lollino, G. (2009) LIDAR monitoring of mass wasting 
processes: The Radicofani landslide, Province of Siena, Central Italy. Geomorphology 105: 193–201. 

Barnhart, T.D. & Crosby, B.T. (2013). Comparing Two Methods of Surface Change Detection on an Evolving 
Thermokarst Using High-Temporal-Frequency Terrestrial Laser Scanning, Selawik River, Alaska. Remote 
Sens., 5, 2813-2837; doi:10.3390/rs5062813. 

Daehne, A. & Corsini, A. (2013) Kinematics of active earthflows revealed by digital image correlation and DEM 
subtraction techniques applied to multi-temporal LIDAR data. Earth Surf. Process. Landforms 38, 640–
654. 

Delacourt, C., Allemmand, P., Casson, B. &Vadon, H. (2004) Velocity field of the ‘La Clapière’ landslide 
measured by the correlation of aerial and QuickBird satellite images. Geophysical Research Letters 
31(15):L15619. 

Esparmer, M. (2010) Utilizzo di dati Lidar ed Ortofoto multi-temporali per la caratterizzazione di frane di 
scorrimento-colata. Tesi di Laurea Triennale. Università degli studi di Modena e Reggio Emilia, Modena, 
Italy. 

Gili, J.A., Corominas, J. & Rius, J. (2000). Using global positioning system techniques in landslide monitoring. 
Engineering Geology, 55, 167–192. 

Jaboyedoff, M., Oppikofer, T., Abellan, A., Derron, M.H., Loye, A., Metzger, R. & Pedrazzini, A. (2012). Use of 
LIDAR in landslide investigations: a review. Nat Hazards, 61,5–28. 

Kääb, A. & Vollmer, M. (2000) Surface geometry, thickness changes and flow fields on permafrost streams: 
automatic extraction by digital image analysis. Permafrost and Periglacial Processes 11(4): 315–326. 

Kääb, A., Huggel, C., Fischer, L., Guex, S., Paul, F., Roer, I., Salzmann, N., Schlaefli, S., Schmutz, K., Schneider, 
D., Strozzi, T. & Weidmann, Y. (2005) Remote sensing of glacier- and permafrost-related hazards in high 
mountains: an overview. Natural Hazards and Earth System Sciences 5(4): 527–554. 

Marschallinger, R., Eichkitz, C., Gruber, H., Heibl, K., Hofmann, R. & Schmid, K. (2009). The Gschliefgraben 
landslide (Austria): A remedition approach involving torrent and avalanche control, geology, geophysics, 
geotechnics and geoinformatics. Austrian Journal of Earth Sciences, 102(2), 36-51. 

Malesa, M., Malowany, K., Tymińska-Widmer, L. & Kwiatkowska, E.A. (2011) Application of Digital Image 
Correlation (DIC) for tracking deformations of paintings on canvas. Proc. of SPIE Vol. 8084 80840L-1, © 
2011 SPIE CCC code: 0277-786X/11/$18 doi: 10.1117/12.889452 

Peters, W.H. & Ranson, W.F. (1982) Digital imaging techniques in experimental stress analysis. Optical 
Engineering, 21(3): 213427–213427.  

Rosu, A.M., Pierrot-Deseilligny, M., Delorme, A., Binet, R. & Klinger, Y. (2014) Measurement of ground 

The Online Journal of Science and Technology - October 2017 Volume 7, Issue 4

www.tojsat.net Copyright © The Online Journal of Science and Technology 126



displacement from optical satellite image correlation using the free open-source software MicMac. ISPRS 
Journal of Photogrammetry and Remote Sensing, 100, 48-59. 

Savvaidis, P.D. (2003) Existing landslide monitoring systems and techniques. In Proc. of the Conference from 
Stars to Earth and Culture, In honor of the memory of Professor Alexandros Tsioumis Thessaloniki, Greece: 
The Aristotle University of Thessaloniki, pp. 242-258. 

Sadek, S., Iskander, M.G. & Liu, J. (2003) Accuracy of digital image correlation for measuring deformations in 
transparent media. Journal of Computing in Civil Engineering, 17(2): 88–96. 

Stumpf, A. (2013). Landslide recognition and monitoring with remotely sensed data from passive optical sensors. 
These de Doctorate n Geohysique. Ecole doctorale des Sciences de la Terrei de l’Environnement, Universite 
de’Strasbourg. 

Take, W.A. (2003) The influence of seasonal moisture cycles on clay slopes. Ph.D. thesis, University of 
Cambridge, Cambridge, UK. 

Take, W.A. (2015) Thirty-Sixth Canadian Geotechnical Colloquium: Advances in visualization of geotechnical 
processes through digital image correlation. Can. Geotech. J. 52: 1199–1220. 

Travelletti, J., Delacourt, C., Allemand, P., Malet, J.P., Schmittbuhl, J., Toussaint, R. & Bastard, M. (2012) 
Correlation of multi-temporal ground-based optical images for landslide monitoring: Application, potential 
and limitations. ISPRS Journal of Photogrammetry and Remote Sensing 70, 39–55. 

Walter, T.R. (2011) Low cost volcano deformation monitoring: optical strain measurement and application to 
Mount St. Helens data. Geophys. J. Int. 186, 699–705. 

White, D.J., Take, W.A. & Bolton, M.D. (2001) Measuring soil deformation in geotechnical models using digital 
images and PIV analysis. In Proceedings of the 10th International Conference on Computer Methods and 
Advances in Geomechanics, Tucson, Arizona. Balkema, Rotterdam. pp. 997–1002. 

Van Puymbroeck, N., Michel, R., Binet, R., Avouac, J.P. & Taboury, J. (2000) Measuring earthquakes from optical 
satellite images. Appl. Opt. 39 (20), 3486–3494. 

The Online Journal of Science and Technology - October 2017 Volume 7, Issue 4

www.tojsat.net Copyright © The Online Journal of Science and Technology 127


	LIDAR DATA ANALYSIS WITH DIGITAL IMAGE CORRELATION (DIC) IN OBTAINING LANDSLIDE DISPLACEMENT FIELDS A CASE OF GSCHLIEFGRABEN LANDSLIDE-AUSTRIA



