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Abstract - In the paper a monitoring approach is proposed for 
early detection of landslide or sediment movement related 
hazards. The method is based on adaptive sized multi-template 
matching. The size of templates is set according to the motion 
field of earth particles to ensure reliable matching. Furthermore 
to ensure reliable tracking of earth particles several patterns 
corresponding to different views of tracked objects (e.g. rotating 
stone) are considered. The suitability of the approach for 
specific landslide like scenarios has been validated by several 
experiments. 
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1. Introduction 
 
Natural disasters such as landslides can cause serious 
problems, but their prediction is difficult. However by 
monitoring the changes in crucial natural structures 
caused by natural forces important time series can be 
collected to analyze the interrelated events. These may be 
helpful to understand the characteristics of landslides as 
well as their relationship with meteorological factors, 
period of activity, etc. There are several methods dealing 
with landslide related problems, such as predicting and 
calculating the landslide deformation [1] or based on 
analysis of landslide factors, GIS [2] and GPS data [3] 
performing landslide prediction. In [11] rock avalanche 
propagation mechanisms together with their 
characteristics have been investigated. Various studies are 
dealing with terrestrial laser scanner (TLS) based 
monitoring of critical natural scenes, as well, such as rock 
face monitoring in urban areas [5] or monitoring slow  

 
 
moving landslides [4] to predict possible hazards. Since 
TLS systems yield accurate 3D data their application for 
natural hazard prediction is promising. However they are 
aimed first of all for static scene reconstruction, thus rapid 
changes such as fast moving rocks or fast moving 
landslide cannot be measured. As it was shown in [6] by 
using TLS it is not possible to determine faster movement 
rates, however to identify slow changes TLS is efficient.  
 
In this paper a multi-camera based approach is proposed 
for monitoring certain displacements in mountains. Such 
collected data may contribute to landslide prediction. In 
contrast to TLS based monitoring the main advantage of 
the camera based measurement approach is that the target 
can accurately be measured regardless its moving speed. 
As we already mentioned, in case of TLS based solutions 
the points are measured at different time moments, but in 
case of image based measurement each point (visible by 
the cameras) can be measured simultaneously. Thus 
besides detecting structural changes in the scene, the 
camera based approach is suitable to measure and monitor 
the acceleration of crucial points in the landslide 
accurately. Based on such collected data more efficient 
analysis can be performed. Since the patterns in the 
landslide are changing in time, in case of image based 
measurement the most difficult task is to accurately track 
the selected regions of interest.  
 
Due to the variability of patterns also the correspondence 
problem becomes more difficult which is the most crucial 
and most difficult task in passive image based 
measurement. In case of measuring indoor targets the 
matching problem can be simplified by projecting specific 
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pattern onto targeted surface however when considering 
outdoor measurement applications, such approaches are 
not efficient due to their sensitivity on the external 
illumination. Nevertheless usually they are applicable 
only for short range measurement of static targets. As in 
our case the targets may be distant (several hundred of 
meters) and may move quickly, thus active measurement 
solutions are not suitable. Among passive solutions we 
can find global [8],[9],[10] as well as local methods 
however due to less computational complexity let us focus 
on local ones. They are based on calculating some kind of 
similarity metric (normalized cross correlation (NCC), 
sum of squared differences (SSD), sum of absolute 
differences (SAD), etc.) between the reference pattern 
around the source image point and the patterns around the 
candidate points. The pattern is usually considered over a 
rectangular window sliding along a scan-line (epipolar 
line). Depending on the distance from the target, image 
resolution and required accuracy, the number of cameras 
involved into system may vary.  
 
The paper is organized as follows: In section II the 
proposed tracking approach is described in detail, in 
Section III experimental results related to landslide like as 
well as retaining wall deformation scenarios are discussed 
and finally in Section IV conclusions are reported. 
 

2. Tracking Features by “Multi-Template” 

Matching 
 
As already mentioned in the introduction tracking 
features and identifying corresponding points play the 
most crucial tasks in image based 3D monitoring. In case 
of landslides due to the variability of tracked patterns 
these tasks are more difficult. In case of landslides it is 
important to consider the change of earth particle 
distribution according to which the most suitable template 
size is selected. The reliability of matching can further be 
improved by taking into account the previously observed 
patterns, as well. 
 
2.1 Choosing the Template Size 
 
Depending on the texture the size of templates to be 
matched plays crucial role. In case of the proposed 
approach the size of the rectangular window varies 
according to the rate of spreading of earthflow particles 
(see Fig. 1). Besides identifying the corresponding points 
in the images of all cameras, they must be tracked in time, 
hence must be identified in each frame of each camera. 
According to our investigations, in cased of landslide like 
scenarios applying variable window size jointly with the 

normalized cross correlation yields promising matching 
results. 

 
 

Fig. 1: Illustration of earth particles at two consecutive moments and the 
adopted rectangular windows. As the particles are spread the window size is 

increased proportionally 

 
In the first camera frame the tracked features have to be 
determined. Afterwards the corresponding feature points 
are identified in the image of each camera by calculating 
the normalized cross correlation between the templates 
centered at the feature point and the corresponding 
candidate. At this stage an initial window size winit, hinit is 
considered. Such identified feature points are then tracked 
frame by frame. For tracking, optical flow based 
approaches are frequently considered however under the 
assumption that the intensity of any point on any object 
remains constant with time. However this assumption is 
not kept in case of landslide scenarios of different types 
[12], since the earth particles usually form several layers 
which may overlap over time, nevertheless the velocity of 
nearby particles may change. Thus the whole pattern to be 
tracked may undergo significant changes. In the 
followings let us focus on these problems together with 
our proposed alternatives for their particular solution.  
 
Depending on the motion field of particles the most 
suitable template size must be considered at each frame 
and each tracked feature point. For each point of interest 
the size of the template is set according to the velocity of 
its projection in the corresponding camera image plane.  
Let vp(t)=[vpx(t), vpy(t)] denote the velocity vector of the 
pixel corresponding to particle p at time t. Let ∆t stand for 
the elapsed time between two consecutive frames. The 
template size applied for particle p is determined as 
follows: 

[ ] [ ]T T px py init initw h s v v w h+ ←   , (1) 

 
where wT and hT denote the width and height of the 
template, respectively, vp=[vpx,vpy] denotes the velocity 
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vector of particle p in the camera image plane and s 
represents an empirical scalar value. Hereinafter the 
normalized cross correlation is calculated between the 
source template centered at the point of interest and the 
candidate templates of the same size to find the 
corresponding point of interest in each consecutive frame. 
 
2.2 Using Multiple Patterns  
 
Under the assumption that the patterns inside matched 
templates do not change significantly over time, simple 
matching techniques can be used (with some limitations) 
to estimate the corresponding image regions frame by 
frame. However as already mentioned landslides do not 
reflect such behavior. It can be expected that the patterns 
observable in the landslide scene will undergo significant 
changes over time (rotating stones, change in distribution 
of sand particles, etc.), thus it is adequate to consider 
several templates corresponding to different states of the 
target in order to ensure efficient tracking by pattern 
matching. It can easily be realized by considering all 
significant patterns from past observations, thus in case of 
a rotating stone for instance several patterns are collected 
during the landslide process (see Fig. 2). Based on such 
collected patterns more efficient tracking can be 
performed.  
 

 
 

Fig. 2: Tracking a stone indicated by the rectangle. As it is rotating over 
time many patterns are used to perform tracking by template matching. 

 
2.3 Accuracy and Robustness 
 
The normalized cross correlation is acceptable to track 
earth particles frame by frame by considering multiple 
patterns as described above. However in case of large 
motions many pixels have to be matched to find the best 
candidate which would rapidly increase the processing 
time. The number of examined pixels can be reduced by 
considering the motion vector of the given pixel, however 
the translation between two patterns can be obtained more 
efficiently by considering the normalized cross power 
spectrum (NCPS) of two templates, as follows:  
 
Let U1 and U2 stand for the discrete Fourier transforms 
(DFT) of templates in two consecutive frames centered at 
the same pixel. Let us assume that these templates are 

relatively shifted by px and py in horizontal and vertical 
directions, respectively. Let us further assume that the 
template content may vary quickly over time, even in two 
consecutive frames. Our task is to determine px and py. 
Based upon the shift property of FT, U1 and U2 are related 
as follows: 
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where M and N stand for the width and height of images, 
respectively. The NCPS of IL and IR can be expressed as 
follows: 
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The inverse DFT of the complex exponential yields the 
following complex valued function: 
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which magnitude having the peak at px and py can be 
followed in Fig. 3. Hence by fitting the magnitude of (4) 
or Gaussian to the calculated NCPS, px and py can be 
obtained with sub-pixel accuracy [7] (see Fig. 4). 
Algorithms I and II contain the pseudo code of the 
proposed tracking approaches for both NCC and NCPS 
case. 

 
Fig. 3: The magnitude of (4), the peak is located at coordinates px and py 

 
 

Fig. 4: The scene is shifted by ∆p, the two templates are centered at the 
same location. Through their NCPS ∆p can be determined. 
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3. Experimental Results 
 
During the evaluation of the proposed approach the 
following experiments have been performed.  
 
3.1 Landslide Like Scenarios 
 
First a small scale landslide or sediment movement like 
scenario has been realized suitable for observing 
phenomenas similar to real cases. First of all by applying 
the proposed template matching approach several layers 
moving with different speed could be tracked efficiently. 
In Fig. 5a such tracked layers indicated by rectangles of 
different colors can be seen. Here during the matching the 
template size was adopted according to the rate of spread 
of earth particles (see Fig. 5c). In Fig 6 and Fig. 7 the 
trajectory of each tracked pattern can be followed.   
 
Secondly, several points of interest have been selected and 
tracked by the proposed multitemplate matching (see Fig. 
5b). The rectangles indicate tracked stones which were 
rotating, as well as the pattern in their neighborhood was 
changing over time. The rotation caused changes in 
pattern have been resolved by considering several patterns 
during matching (see Fig. 2). As it is depicted by Fig. 5(d) 
the size of the window over which the matching was 
performed was changing depending on the motion field of 
tracked objects as decribed above.  
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
Fig. 5: Identified streams moving with different speed (a), tracked objects 
(b), changing the window size according to the spread of particles (c) and 

(d) 
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Fig. 6: The trajectory of patterns corresponding to different streams (front 
view) 

 

 
 

Fig. 7: The trajectory of patterns corresponding to different streams (side 
view) 

 

 
 

Fig. 8: The trajectory of tracked stones (front view) 

 
Fig. 9: The trajectory of tracked stones (side view) 

 

The trajectory of each tracked object can be followed in 
Figs. 8 and 9. In case of the first experiment the velocities 
of indicated streams as well as earth particles (small 
stones) have been measured. Table I and II contain the 
velocities of the upper, middle and bottom streams as well 
as the velocities of tracked small stones corresponding to 
three different moments in the top, middle and bottom 
region of the observed area. 
 
Table I: Velocity data of earth particle streams at three different moments 
 

 
Stream average velocity [mm/s] 

Top region Middle region Bottom region 

Bottom 
stream 

1111.1 904.9 901.7 

1042.6 1019.6 919.8 

984.1 975.3 977.2 

1060.9 993.9 909.1 

Middle 
stream 

1150.1 1184.0 1273.6 

1184.5 1287.8 1166.9 

1147.2 1083.3 992.8 

1016.1 1018.8 1069.5 

1057.5 1172.6 1136.6 

Upper 
stream 

847.7 1050.1 1244.8 

942.2 973.2 1185.6 

860.4 945.6 1239.2 
 
 

Table II: Velocity data of the small stones (see Fig. 8) at three different 
moments 

 

Target No. Velocity [mm/s] 

 
Top region 

Middle 
region 

Bottom region 

1 1423.1 1309.1 1568.0 

2 878.2 1122.8 1276.5 

3 995.0 1100.7 1143.5 

4 1072.8 1176.7 1349.7 
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5 810.3 897.4 1072.0 

6 864.5 834.6 1015.5 

 
3.2 Wall Deformation Measurement 
 
In this experiment the deformation of a retaining wall 
located in the Shizuoka Prefecture (Japan) has been 
measured. The corners of the wall have been detected by 
template matching and the spatial coordinates have been 
determined by triangulation.  The setup of the experiment 
can be followed in Fig. 10. 
 
 

    
 

Fig. 10: Setup of the experiment and the targeted retaining wall. 
 
 

 
Fig. 11: The reconstructed retaining wall. All values are in [m] 

 
 

 
 

Fig. 12: The reconstructed retaining wall. All values are in [m] 

 
 

Fig. 13: The reconstructed retaining wall. All values are in [m] 
 

Table III: The measured dimensions of targeted blocks 
 

Block 
No. 

Measured block dimensions in [mm] 

height 
absolute 

error 
width 

absolute 
error 

1 300.1 0.1 359.3 0.7 

2 300.0 0 359.5 0.5 

4 307.5 7.5 362.3 2.3 

5 304.1 4.1 360.7 0.7 

7 305.3 5.3 365.4 5.4 

8 303.0 3 358.9 1.1 

10 291.8 8.2 359.8 0.2 

11 301.9 1.9 367.8 7.8 

12 301.0 1 364.4 4.4 

13 304.7 4.7 360.1 0.1 

14 304.8 4.8 353.9 6.1 

15 307.0 7 363.4 3.4 

16 299.9 0.1 364.8 4.8 

 

4. Conclusions 
 
In this paper a particular solution has been proposed for 
monitoring the motion of earth particles in order to 
predict events such as landslide or hazardous sediment 
movement. The approach is based on template matching 
with adaptive windows size. The size of the template is set 
according to the spread level of earth particles in order to 
enhance the reliability of matching. Since the tracked 
targets such as stones or larger earth particles may rotate, 
the observed surface patterns may significantly change. 
The problem can be particularly resolved by using 
multiple patterns corresponding to different views of 
tracked target. As the results reflect the proposed 
algorithms may be suitable for monitoring specific 
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landslide related events to collect time series for 
supporting the early prediction of related hazards. 
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