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1. Introduction 
Video monitoring is a useful tool for a correct coastal management. It allows monitoring of the 
coastline evolution and risk analyses connected to storm surges (Holman et al., 2003), with the 
advantage to be synoptic and non-invasive. Video systems can provide long-term data, which are 
collected continuously in time and required for coastal vulnerability assessment (Takewaka and 
Nakamura, 2000; Davidson et al., 2004; Kroon et al., 2007; Van Koningsveld, 2007; Archetti, 
2009). The standard systems normally sample once per hour and their final products can show 
variations of the observed parameters over different time scales (Plant and Holman, 1997; Holman 
and Stanley, 2007). The advantages of remote sensing through video systems favored a wide 
spread of this technique in coastal monitoring over the world for proper management of the coastal 
areas and for the setup of early warning systems (Archetti and Zanuttigh, 2010). The application of 
coastal monitoring systems is mainly for identification of the shoreline and its shift in response to 
waves regime, assessment and design of coastal protection structure and other practical purposes 
(Davidson et al., 2004; Turner et al., 2004; Archetti and Romagnoli, 2011), having large use also 
in research fields (Morris et al., 2001; Alexander and Holman, 2004; Almar et al., 2008, Archetti 
et al., 2016).  We present here a study of a beach in Riccione (RN), Italy, through a low-cost 
video-monitoring system, where some unconventional prototypes were installed as coastal 
protection tools.  
 
2. Materials and methods 
In this study, we make use of a low-cost monitoring technique in order to quantify the coastal 
erosion and flooding dynamics through image processing of the shoreline evolution and run-up, 
and to calibrate an evolution numerical model including the simulation of morphodynamics 
processes. The instrumentation consists of a Raspberry Pi and a camera with a maximum 
resolution of 8 MP (Figure 1). The Raspberry Pi is a small and affordable computer, which allows 
controlling the camera acquisition through a simple programming language. 

 
Figure 1. The credit-card-sized Raspberry Pi and its camera (projects.raspberrypi.org) 
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One prototype of the fixed video monitoring station was implemented, taking 10-minutes images 
each hour with a sampling frequency of 2 Hz (for a total of 1200 photograms) and a resolution of 2 
MP. After the acquisition, the video system extrapolates the timex (i.e., time exposure image) by 
averaging all the images for one acquisition and transfers the averaged frame to a local server. This 
process is operatively made in situ. Once we obtain the timex images, we offline analyze them 
through a software developed in MATLAB for image analysis. The offline processing is necessary 
for the rectification of the timex and the shoreline detection: the rectified timex is obtained through 
a projective transformation from image coordinates (i.e., in pixels) to local external coordinates 
(i.e., in meters) as detailed in the next section, while the shoreline is obtained through a semi-
automatic detection procedure based on frame segmentation on the rectified timex. 
Once the image processing steps (in situ and offline) provide the shoreline detection in metric 
coordinates, the following analysis can be performed: i) the comparison of the semi-automatically 
detected shoreline position with that obtained through GPS measurements during a bathimetric 
survey, with the aim of processing validation; ii) the quantification of the shoreline displacement 
after a storm surge event; iii) the quantification of the run-up during a storm surge event.  
 
3. Description of the study case  
The study site is Riccione, a touristic city in the Emilia-Romagna region in Italy: the location of 
the video monitoring system is reported in Figure 2a.  The video system has been installed in July 
2019 and has been operative for two months.  During the installation of the video-monitoring 
station, several control points have been acquired with a differential GPS Leika Viva GS14 (GNSS 
- NRTK positioning) with centimetric precision. The same technical parameters and 
transformations of topo-bathymetric surveys have been employed: ETRF2000-UTM32 coordinates 
reference system and a topographic benchmark (the Emilia-Romagna coastal geodetic network, 
RGC) were used to obtain the orthometric height. Both temporary objects (chessboard target) and 
fixed objects (fence posts) have been used as control points. Moreover, two cross-shore transects 
and the shoreline have been measured for comparison with the shoreline detected through video 
processing. 

 
Figure 2. Aerial view of the study site, with indication of the Raspberry Pi location and of the monitored 

coastal tract.  

As the municipality of Riccione and its beach are very popular with tourists during the summer 
season, the acquired timex images show high noise levels in the shoreline detection due to the 
presence of bathers and installations of sunshades and deck-chairs on the beach. Nevertheless, 
choosing an appropriate time during the day (i.e., at the end of the day) for images capturing and 
in situ processing, this problem is partly solved and useful data are obtained.  
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Figure 3. a) Rectified timex image with the shorelines automatically detected and GCPs. b) Comparison 
between GPS and MATLAB detected shorelines for one day. c) Displacement, RMSE and bias between the 
two shorelines. 
 
Figure 3a shows the rectified image collected on  July 17 during the bathymetric survey and the 
associated shoreline detection through MATLAB, in comparison with the shoreline GPS survey 
points.  
In order to avoid a displacement component due to the tide, we took images before and after the 
storm, with the same tide gauge level, and estimated the related shoreline position. For the 
comparison of the shoreline displacement with time, we evaluate the root mean square error 
(RMSE) and the bias (as the shorelines distance averaged in the observed littoral). The RMSE 
gives the absolute distance the between the two differently computed shorelines, while the bias 
gives information about the retreat or advancement of the beach. The latter is taken along the 
direction perpendicular to the mean inclination of the first shoreline with respect to the metric 
coordinates. Figure 3b shows the comparison of the shoreline position between the shoreline 
measured by the GPS and that detected by the MATLAB software. The result shows a good 
overlap between the two lines, with a bias of 0.14 m and RMSE equal to 1.41 m (Figure 3c), 
mainly due to the low accuracy resulting where the coast is occupied by seaside facilities, which 
add noise to the image and prevents an optical access to the shoreline.  

4.  Preliminary results  
The first analysis regarded the shoreline evolution during the wave set-up occurred during the two 
months in which the monitoring system was installed (July 17 - September 10, 2019), with the first 
analyzed storm occurring approximately between July 26th and 28th. 
We analyse the storm surge effects in the observed coastline. The data for the significant wave 
height and tidal level were provided by the Regional Nausicaa wave buoy 
(https://simc.arpae.it/dext3r/) and the National Tide Gauge Network 
(https://www.mareografico.it), respectively. The Nausicaa buoy (located in Cesenatico 8-km-
offshore and at a water depth of 10 m) is 33 km far from the study site, while the tidal level was 
obtained by weight-averaging the data from the existing tide gauges located at Ancona (77 km 
south of Riccione) and Marina di Ravenna (64 km north of Riccione).  
The values of the significant wave height Hs and the sea level from tide gauges in the time frame 
of the analysed storm (between July 26th and 29th) are shown in Figure 5. Figure 6 shows the 
shoreline displacement after the storm, with a bias of -0.48 m, which indicates a coastline retreat 
(in average) in the coastal area observed with the video monitoring station. The images for the 
evaluation of the maximum run-up are taken before the storm surge and during the peak and 
shown in Figure 7.  
Results show a maximum run-up of 9.20 m, in correspondence of a drainage channel, which is 
located at a low altitude with respect to the mean water level, and an average run-up (during the 
peak of the storm surge) equal to 2.64 m. 

a) b) c) 
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Figure 5. a) Significant wave height Hs measured during the considered storm (peak indicated by the red 
circle). b) Tide gauge level estimated for Riccione from RON tide-gauge data (red circles indicate dates at 
the beginning and at the end of the analysed storm surge).  

 

 
Figure 6. a) Shorelines before (July 26) and after (July 28) the storm surge. b) Shoreline comparison and 

displacement before (July 26) and after (July 28) the storm surge. c) Shoreline displacement and bias. 

  

 
Figure 7. a) Detection of the shoreline during the wave height peak (July 27. b) Detected shoreline before 
the storm surge (26/7) and at the peak wave (27/7). c) Maximum run-up due to the peak wave height (July 

27), with maximum run-up point-by-point and averaged on the horizontal (as the shoreline bias). 

5. Conclusions 
Image analyses are conducted to test the reliability of a low-cost video monitoring system located 
in Riccione, Emilia-Romagna (Italy). A good overlap is obtained by comparing the shoreline 
detected by a MATLAB algorithm and GPS measurements. Then, a storm event has been selected 
to analyze the related shoreline evolution. Available data from regional and national agencies are 
used for the evaluation of the significant wave height and the tide level. The detected shoreline 
shows a retreat after the storm event, while the maximum run-up is evaluated at the peak of the 
storm surge, showing the coastal area flooded during the storm event.  

a) b) c) 

c) b) a) 
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