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Abstract 14 

A suitable knowledge of coastal systems, of their morphodynamic characteristics and their 15 

response to storm events and man-made structures is essential for littoral conservation and 16 

management. Nowadays webcams represent an useful device to obtain information from beaches.  17 

Video-monitoring techniques are generally site specific and softwares working with any image 18 

acquisition system are rare. Therefore, this work aims at submitting theory and applications of an 19 

experimental video monitoring software: Beachkeeper plus, a freeware non-profit software, 20 

can be employed and redistributed without modifications. A license file is provided inside 21 

software package and in the user guide.  Beachkeeper plus is based on Matlab® and it can be used 22 

for the analysis of images and photos coming from any kind of acquisition system (webcams, 23 

digital cameras or images downloaded from internet), without any a-priori information or laboratory 24 

study of the acquisition system itself. Therefore, it could become an useful tool for beach planning. 25 
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Through a simple guided interface, images can be analyzed by performing georeferentiation, 1 

rectification, averaging and variance.  2 

This software was initially operated in Pietra Ligure (Italy), using images from a tourist webcam, 3 

and in Mar del Plata (Argentina) using images from a digital camera. In both cases the reliability in 4 

different geomorphologic and morphodynamic conditions was confirmed by the good quality of 5 

obtained images after georeferentiation, rectification and averaging.  6 

 7 
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1. Introduction 11 

Erosive phenomena are among the most important problems affecting beaches due both to 12 

natural causes, like sea level rise and storms, and to man-made causes like ports development, river 13 

armored embouchures and coastal buildings (Charlier and De Meyer, 1998).  14 

Littoral management needs instruments to assess risk and variability of the coastal zone and also 15 

to forecast its evolution. 16 

Tools like physical and morphodynamic modelling or field surveying are useful to study a few 17 

littoral characteristics and behavior even though they are problematic. In fact, laboratory modeling 18 

grants an insight in beach behaviour on a large time scale in a defined environment, considering 19 

only some of the global aspects that could influence it. These limitations prevent from gaining an 20 

overview of the coastal zone’s evolutionary characteristics. Field campaigns are very time-21 

consuming and need thorough logistical planning. Traditional measurement techniques often cover 22 

the beach unevenly both in space and time, so there is the risk of a misinterpretation of obtained 23 

results. Furthermore, particular morphological conditions can be neglected in the studies, since field 24 

surveying procedures do not comprise the collection of continuous data-sets, due to excessive costs 25 
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and logistics problems (Aarninkhof et al., 2005), particularly during storm events when it is very 1 

difficult or impossible to record morphological data of the beach face. 2 

Only a tool equipped for uniform data-recording could provide exhaustive knowledge of beach 3 

behavior and of its response to storm events, hard and soft protection or other man-made structures. 4 

In the last few years, a considerable technical progress was seen in alternative methods for the 5 

study of littoral morphodynamics. These methods include high-resolution satellite images of 6 

analyzed beaches. In particular, through video monitoring systems it is possible to study coastal 7 

environments continually and automatically, so this is a very useful tool to analyze nearshore 8 

processes (Aarninkhof and Roelvink, 1999; Davidson et al., 2004). This technique represents a 9 

qualitative and quantitative research improvement for beach evolution. Morphodynamic 10 

characteristics can be studied through video images observation over a large spatial and temporal 11 

range (Holland, 1998). Many parameters of interest can be measured and estimated in real time, and 12 

compared to recorded data (Ojeda and Guillén, 2008; Kroon et al., 2007; Smith and Pearce., 1997; 13 

Turner et al., 2004).  14 

Several monitoring systems are now installed all around the world (Alexander and Homan, 2004; 15 

Holman et al, 1993; Holman et al., 2003; Holman and Stanley, 2007) and webcams are more and 16 

more used to acquire such data.   17 

The aim of this work is to introduce experimental freeware non-profit software, for the 18 

analysis and management of beach images regardless of acquisition methodologies and systems. 19 

The main feature developed for Beachkeeper plus is its capability to work with images without any 20 

a-priori knowledge on the acquisition system. Beachkeeper plus represents an useful instrument for 21 

beach planning thanks to its versatility and low associated costs. Through this experimental 22 

instrument and its adaptability, it could be possible to create a coastal monitoring network and to 23 

obtain a great amount of comparable data concerning beach evolution.  24 

 25 

2. State of the art 26 
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At the beginning of the ‘90s, Coastal Imaging Lab from Oregon State University introduced the 1 

use of video coastal monitoring. They developed a hardware and software system, known as Argus, 2 

which is now used worldwide for coastal research and management.Video monitoring became an 3 

efficient tool to analyze beach morphology and its evolution in time. It provides information about 4 

many aspects of coastal behavior (Ojeda and Guillén, 2008; Kroon et al., 2007; Smith and Pearce., 5 

1997; Turner et al., 2004;): alongshore and across-shore evolution of the shoreline and submerged 6 

bars, wave direction, storm impacts, post-operam evaluation of hard and soft protection, and beach 7 

seasonal changes. Moreover, it can also help to improve coastal management projects. 8 

Due to the evolution in video cameras and video technologies, several systems have been 9 

developed in the past years for coastal monitoring purposes and coastal zone management 10 

(Lippmann and Holman, 1989). 11 

Several monitoring systems are now installed all around the world. A few examples are Cam-12 

Era1, Kosta System (Archetti et al., 2008), Coastal Watch2, Erdman Video System3, Sirena  (Nieto 13 

et al., 2010), Horus4 and many others. These systems initially based their development on Argus 14 

utilities and software. A fixed number of webcams is employed, installed on a set elevation above 15 

water level. Webcams automatically collect real time littoral images at specified intervals. Collected 16 

images, named “snapshots”, are elaborated by specific software (Alexander and Holman, 2004; 17 

Holman et al., 2003; Holman and Stanley, 2007), because, by simply representing the beach site 18 

where webcams are installed, they offer low quantitative information (Zikra, 2007). 19 

The processed images are typically classified in: 20 

• Time exposure images (or timex), which are obtained by digitally averaging image 21 

intensity over a prefixed acquisition time. They are obtained by processing and 22 

superimposing snapshot images of an acquisition cycle. This process eliminates random 23 

                                                 
1 http://www.niwa.co.nz 
2 http://www.coastalwatch.com 
3 http://www.video-monitoring.com 
4 http://www.horusvideo.com/ 
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sea conditions and variability in wave run-up and swash (Salmon et al., 2007). On Timex 1 

images, the variation in pixel color intensity allows to better distinguish beach 2 

morphological features. Timex images are therefore an excellent instrument to underline 3 

submerged sand bar topography (Lippmann and Holman, 1989; Ranasinghe et al., 2004; 4 

van Enckevort and Ruessink, 2001), shoreline (Kroon et al., 2007; Quartel et al., 2006; 5 

Soupy Alexander and Holman, 2004), intertidal beach profile (Plant and Holman, 1997), 6 

intertidal beach slope (Madsen and Plant, 2001), morphology formations on beach face 7 

(Almar et al., 2008; Holland, 1998). 8 

• Variance images, derived by digitally averaging image intensity over a prefixed 9 

acquisition time and a standard deviation computation on pixel color intensity, enhance 10 

the contrasts already achieved by processing timex images. They allow to better 11 

recognize submerged foreshore structures and to highlight regions undergoing some 12 

change during acquisition time (a surf zone is brighter than other parts) and unchanged 13 

areas (a dry beach is darker than other parts). 14 

• Daily time exposure images (or day-timex) are obtained by averaging all images 15 

acquired in the whole day. This elaboration takes off the effects of tidal variation and the 16 

intensity variation of light due to the changing angle of the sun during the day (Morris et 17 

al., 2001).  18 

• Time-stack images (Kuo et al., 2009; Ojeda et al, 2008; Salmon et al., 2007; Takewaka 19 

and Nakamura, 2000; Zhang and Zhang, 2008) are created by extracting a line of pixels 20 

along a predefined array in a video frame. The same set of pixels is extracted from 21 

images of a selected time period and stacked vertically to create an image with time on 22 

the vertical axis and cross-shore distance on the horizontal axis. Time-stack images are 23 

useful to gain information on beach morphodynamic characteristics, cross-shore 24 

variation, run-up and swash. 25 

 26 
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3. Beachkeeper plus software features  1 

Beachkeeper plus video system is an image management and elaboration software created with 2 

Matlab language and it works with both Windows and Mac OS. No installation is required in order 3 

to use Beachkeeper plus. 4 

The first prototype was implemented for Beachmed-e OPTIMAL project (Archetti et al., 2008; 5 

Brignone et al., 2008). The software was subsequently modified and improved, and new tools were 6 

developed to obtain a more useful and pliable instrument. The improved version was then applied 7 

on the test sites of Pietra Ligure and Mar del Plata as described in Section 4 to prove its versatility 8 

and usefulness, and then it was fully applied to the project Marittime-Resmar5. 9 

Beachkeeper plus provides Time-Exposure, Variance, Day-Timex and Time-Stack images as 10 

well as georeferentiation and rectification of images. Moreover, useful information for a 11 

quantitative characterization of beach morphodynamics can be gained. 12 

A graphical user interface allows to choose between five different tools: 13 

• Georefenciation 14 

• Mean and Variance 15 

• Rectify 16 

• Draw  17 

• Time Stack Data 18 

Processing time is considerably influenced by the selected elaboration type and image 19 

resolution size, not  to  mention  system  performances  of  a  specific  computer, therefore it is 20 

impossible to provide a reliable estimate of the time required for each elaboration. 21 

 22 
3.1 Georefenciation Tool  23 

                                                 
5 http://beachcam.res-mar.eu/ 
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This tool provides quantitative information concerning geographical coordinates of each image 1 

pixel. 2 

When a 3D area is captured by a camera or a webcam, it is projected onto a 2D plane. By using 3 

photogrammetric transformation it is possible to relate 3D real world coordinates, which will later 4 

on be described as (x,y,z), and 2D image coordinates, which will be indicated by (U,V). 5 

The mathematical relation between the two coordinate systems involves intrinsic camera 6 

parameters, i.e. focal length of lenses, aspect ratio of the pixels and pixels location on the optical 7 

center (Holman et al., 2003), and extrinsic parameters depending on camera location, i.e. azimuth, 8 

tilt and roll angle, camera location coordinates (Aarninkhof et al., 2003) and ground topography. 9 

In this study, the Direct Linear Transformation (DLT) algorithm developed by Abdel-Aziz and 10 

Karara (1971) is adopted. According to this model the relation mapping real world coordinates 11 

system onto image coordinates system is given by 12 

( ) ( )1111094321 ++++++= zLyLxLLzLyLxLU    13 

                                                                                                                                       (1) 14 

( ) ( )5 6 7 8 9 10 11 1V L x L y L z L L x L y L z= + + + + + +        15 

where, for any { }1, ,11h∈ … , the real numbers Lh are known as DLT coefficients, and they 16 

depend on intrinsic camera parameters. Once the DLT coefficients are available, the image 17 

coordinates of measured world objects can be simply obtained from (1). The formulation of the 18 

equations (1) is considered standard in photogrammetry and computer vision.  19 

Camera calibration using DLT provides acceptable results when control points position can be 20 

accurately measured: the DLT coefficients could be estimated, given the image and world 21 

coordinates of at least six non-coplanar control points once the linear system obtained directly by 22 

(1) is solved.  23 
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Unfortunately, such precision is not always possible: due to camera resolution, errors occur in 1 

the selection of pixels representing control points inside the image. Moreover, if images obtained by 2 

a commercial webcam already installed are used, previous laboratory analysis data are typically 3 

unavailable: as a matter of fact, traditional algorithms for camera calibration (Abdel-Aziz and 4 

Karara, 1971; Holman et al., 1993). cannot be applied. In order to overcome this drawback and to 5 

reduce the effects of distortion, typical of webcam images designed for a wide field of view, a 6 

regularizing approach based on Landweber regularization algorithm (1951) is used to find DLT 7 

coefficients, in order to reduce errors in the georeferentiation process. 8 

The described procedure assumes that all the control points lie on the same plane whose elevation 9 
(referenced to the world coordinate system) is zero (i.e. 0z = ). This constraint does not define a 10 
limitation of the method, which is developed for sea-level image analysis.  Under this assumption, 11 
relation (1) can be manipulated in order to obtain   12 

1 2 4 9 10L x L y L L xU L yU U+ + − − =  13 

                                                                                                                                          (2) 14 

VyVLxVLLyLxL =−−++ 109865       15 

Once Ground Control Points (GCP) p are available, i.e. for any i =1, …, p the real coordinates 16 

(xi; yi) and their corresponding coordinates onto the image (Ui; Vi), the previous equation leads to 17 

the linear system: 18 

AL b=                                                                          (3) 19 

where 20 

1 1 1 1 1 1

1 1 1 1 1

1 0 0 0

1 0 0 0
0 0 0 1

0 0 0 1

p p p p p p

i

p p p p p p

x y x U y U

x y x U y U
A

x y x V y V

x y x V y V

− −⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟− −

= ⎜ ⎟
− −⎜ ⎟

⎜ ⎟
⎜ ⎟⎜ ⎟− −⎝ ⎠

                                         (4) 21 

and 22 
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( ) ( )1 2 4 5 6 8 9 10 1 1,
TT

p pL L L L L L L L L b U U V V= = … …                                        (5) 1 

Since A is typically characterized by a high condition number, a small error on the selection of 2 

the image coordinate ( ),i iU V  can yield a big error in the computation of the DLT coefficients. In 3 

order to reduce this effect, the Landweber regularizing method (1951) is applied for solving the 4 

linear system (3). Starting from a suitable initialization L(0) of the eight DLT coefficients, the n-th 5 

iteration L(n) is obtained according to  6 

( ) ( )( )1 1( ) n nn T tL L A b A ALτ− −= + −                                                (6) 7 

where ( )0.2 / Aτ ∈  is the relation parameter, and A  denotes the norm of the matrix. The iterative 8 
procedure stops when  9 

( )nAL b δ− ≤                                     (7) 10 

where || . || is the usual norm of 2 pR  and 0δ >  a bound on the error which occurs in the selection of 11 

the  image coordinate ( , ).i iU V   12 

Once the regularized DLT coefficients have been calculated, it is an easy task from (2) to obtain 13 

the two relations between real world coordinates and image coordinates:  14 

1 2 4

9 10 1
L x L y LU
L x L y

+ +
=

+ +
 15 

                                                                                                                                      (8) 16 

5 6 8

9 10 1
L x L y LV
L x L y

+ +
=

+ +
 17 

and its inverse  18 

( )6 8 10 4 10 8 2 8 2 6 4

5 10 9 6 9 2 1 10 1 6 5 2

( ) ( )
( ) ( ) ( )

L L L U L L L L V L L L L
x

L L L L U L L L L V L L L L
− + − + −

=
− + − + −

 19 

                                                                                                                                          (9) 20 
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5 8 9 4 9 8 1 8 1 5 4

5 10 9 6 1 6 5 2 9 2 1 10

( ) ( ) ( )
( ) ( ) ( )

L L L U L L L L V L L L Ly
L L L L U L L L L V L L L L

− + − + −
=

− + − + −
 1 

 2 

3.2 Mean and Variance Tool 3 

This tool provides Timex, Day Timex and Variance images. In order to obtain this kind of 4 

images, it is useful to recall that, using RGB color representation, an image I with resolution n m×  
 

5 

pixels can be defined by a three index matrix, i.e. ( )ijkI I=   where { }1, ,i n∈ …   and { }1, ,j m∈ …    6 

while { }1, 2,3k ∈ . Under this assumption, given a set of P images, { }(1) ( ), , pX I I= … , according to 7 

the definition of mean and standard deviation, it is possible to introduce the mean image μ, whose 8 

ijk-element is defined as   9 

( )

1

P
p

ijk ijk
p

I Pμ
=

=∑                                                               (10) 10 

and the standard deviation image σ, whose ijk-element satisfies  11 

( )2( )

1

P
p

ijk ijk ijk
p

x Pσ μ
=

= −∑                                                     (11) 12 

 Beachkeeper plus computes Timex and Day-Timex as a mean image: the former is produced by 13 

considering the pictures corresponding to a single acquisition session as an image set, the latter is 14 

obtained by considering all images acquired during a day. 15 

 16 

3.3 Rectify Tool 17 

This tool allows to rectify an image, a well-known transformation process which converts an 18 

image from an oblique form to a plan one. After the rectification process, the meridian and the 19 

parallel grid will be the vertical and horizontal grid defined by the pixel image. This is a significant 20 

modification since quantitative data can be obtained from  rectified images. 21 
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The literature provides different rectification models (Aarninkhof et al, 2003; Lippmann and 1 

Holman, 1989; Quartel et al., 2006; Salmon et al., 2007), but they all require the knowledge of the 2 

camera’s intrinsic parameters. The method used in Beachkeeper plus exploits DLT, hence it works 3 

for all acquisition systems. If I is the image to be rectified with resolution n m× pixels and 4 

[ ] [ ]min max min max, ,X X Y Y×  represents a subset of real world coordinates contained in I, the main steps 5 

of the rectification algorithm can be summarized as follows: 6 

1. define a null matrix IR of size 3n m× × ,  7 

2. for any  couple ( ) { } { }mnji ,,1,,1, …… ×∈ , define 8 

a.  ( ) minminmax )1()1( XniXXx +−−−=   9 

( ) minminmax )1()1( YmjYYy +−−−=  10 

b. ),( yxUU = and ),( yxVV = , according to equation (2) 11 

c. ijk
R

UVk II =   for any { }3,2,1∈k   12 

3. Repeat point 2. for another couple ),( ji   13 

Beachkeeper plus can perform a rectification of a set of Timex, Day-Timex and Variance 14 

images, of snapshot images in a selected time interval and of single images. 15 

 16 

3.4 Draw Tool 17 

This newly developed tool allows to extrapolate scientific data from images and to highlight 18 

remarkable beach forms on the image itself. 19 

 It is therefore possible to analyze the evolution of important morphodynamic characteristics on a 20 

short-, medium- and large temporal scale obtaining a global view of the beach’s evolutive 21 

processes.       22 

This instrument is strictly tied to georeferentiation and it works on Snapshot, Timex, Day Timex 23 

or Variance images, as well as on their rectified versions. In fact, the drawing tool, according to 24 
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equations (2), allocates and shows the real world coordinates of each selected pixel onto the image 1 

and it can also display on the image the point corresponding to a pair of real-world coordinates.  2 

The drawing tool also allows to detect shoreline coordinates. and it can also be applied to 3 

submerged bars, wave crests or simply Ground Control Points.  Moreover, real coordinates can be 4 

saved and exported, and a previously detected coordinate set can be loaded and drawn on an 5 

uploaded image. 6 

 7 

3.5 Time Stack Data Tool 8 

This tool extracts a line of pixels in a set of consecutive images and stacks them vertically to 9 

create a new image with time on the vertical axis and cross-shore distance on the horizontal axis. 10 

Time Stack tool works on Timex, Variance and Day Timex images belonging to a selected time 11 

interval, but it is also possible to obtain Time Stack images from the selection of single Snapshots. 12 

Such images are useful for a quantitative and qualitative analysis of beach parameters such as swash 13 

and run-up, as well as for an appraisal of shoreline transfer and submerged bars in specific beach 14 

areas both for short-term (storms) and long-term variations. 15 

 16 

4. Practical application of Beachkeeper plus 17 

This section shows some applications of the experimental Beachkeeper plus software, in order to 18 

highlight its usefulness and applicability to images coming from different acquisition systems 19 

without any a-priori knowledge of their parameters. 20 

In this section two of the test sites used to evaluate software applicability are showed. 21 

 22 

4.1 Pietra Ligure 23 

Pietra Ligure beach is located in the North Mediterranean sea (Liguria, Italy) (Fig.1). It is an 24 

artificial beach composed of gravel, about 430 m long and divided by three groins. Furthermore, 25 
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three submerged breakwaters were built to protect the coast. Pietra Ligure is a micro-tidal area 1 

characterized by a tidal excursion of about 30-40 cm. The most frequent wave direction is from SW 2 

and from this direction the most important storms approach the coast. 3 

The beach is made of granules ( 50D 1.30 = − Φ ) and it has a gradient higher than 14.3 %. 4 

 5 

[figure 1] 6 

 7 

Pietra Ligure video monitoring system consists of one webcam initially installed for the tourism 8 

industry. This webcam provides a continuous monitoring of the town’s meteorological conditions. 9 

The webcam was installed at 44° 8'49.44" N and 8°16'54.23" E, at a height of 25 m. It films the 10 

whole beach from SW to NE. Every day, at 10.30 a.m. and 2.30 p.m., images from this site were 11 

automatically recorded and stored. In this case, 25 images were recorded with an acquisition 12 

frequency of 30 seconds. 13 

In order to georeference webcam images, Ground Control Points were measured on the beach 14 

with a DGPS. The GCPs points were spread all over the beach so as to cover as many image sectors 15 

as possible (Fig. 2). 16 

 17 

[figure 2] 18 

 19 

4.2 Mar del Plata 20 

Los Acantilados beach is located on the Atlantic coast of Argentina, almost 15 Km south from 21 

Mar del Plata City. This natural beach extends for 7 km between two capes: Punta Mogotes to the 22 

north and Barranca de los Lobos to the south (Fig.3). It is characterized by a meso-tidal range with a 23 

maximum tidal range of 1.6 m. It is exposed to energetic storms from the south  that are the main 24 

cause of beach erosion. It is composed of fine sand ( 50D 2 2.50 = ÷ Φ ) with an offshore gradient of 25 
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3.4%. However, the foreshore has a mean slope of 5%, with the common presence of offshore bars 1 

that migrate onshore. 2 

 3 

[figure 3] 4 

 5 

Los Acantilados video monitoring station consists of one digital camera. Photos up to 6 

1936 1296×  frame size are taken by the camera.  7 

The system was installed at 38°07'4.2''S, 57°35'31.7’’W on top of a cliff 26 m above sea level. 8 

The camera, obliquely pointed towards the northern part of the beach, films 600 m of the beach 9 

length. 10 

In order to georeference recorded images, Ground Control Points were measured on the beach 11 

with a DGPS. The GCPs points were spread all over the beach so as to cover as many image sectors 12 

as possible (Fig. 4). 13 

 14 

[figure 4] 15 

 16 

4.3 Image Accuracy 17 

 Image georeferentiation accuracy was estimated by juxtaposing the coordinates obtained by the 18 

georeferentiation process of some test GCPs (different from those used during the georeferentiation 19 

process) and their real world coordinates.  20 

The test GCPs were measured in Gauss Boaga coordinates by a differential GPS in Pietra Ligure 21 

site, while in Mar del Plata coordinates were expressed in UTM transversal Mercatore.  22 

In Pietra Ligure accuracy corresponds to one pixel, whose size varies from 0.15 m to 0.35 m 23 

across-shore and from 0.55 m to 2.90 m alongshore respectively at the beginning of the beach, 24 

closer to the webcam, and at the end, far from the webcam. In the georeferentiation (Table 1) along 25 
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the y-axis the highest error is found at H point (2.59 m). Along the x-axis the highest error is found 1 

at G point with a value of about 2.21 m. The F point is the most precisely georeferenced with x- and 2 

y-axis errors of about 0.14 m and 0.10 m. In Mar del Plata from the beginning of the beach, closer 3 

to the webcam, to the end, far from the webcam, pixel size varies from 0.08 m to 0.14 m across-4 

shore and from 0.16 m to 2.25 m alongshore (Table 2). Specifically, along the y-axis the lowest 5 

error is of about 0.36 m at C-point, while the highest error is of about 1.52 m at E-point. Along the 6 

x-axis the lowest and highest errors are respectively of about 0.33 m and 2.03 m for the points G 7 

and D.  8 

 9 

[table 1] 10 

[table 2] 11 

 12 

All images recorded in Pietra Ligure and Mar del Plata sites were elaborated by Beachkeeper 13 

plus software to obtain Timex, Day Timex, Variance and Timestack images (Fig.5; Fig.6). In both 14 

cases, errors were acceptable, allowing a quick detection of beach morphological features.  15 

In Timex and Variance images, the shoreline is well defined thanks to pixel color intensity on the 16 

shoreface in the first case (Fig.5b; Fig.6b) and to the chiaroscuro contrast in the second (Fig.5c; 17 

Fig.6c). Due to different morphologic characteristics and wave climate, in Mar del Plata beach 18 

images the surf zone is more visible, while in Pietra Ligure it is quite difficult to identify it. 19 

 As for Time-Stack images, Figure 5d and Figure 6d were obtained arranging 20 snapshots. The 20 

number of snapshot used is purely demonstrative. According to the requirements of the specific 21 

situation, the number of snapshots for Time-Stack image composition can be raised or lowered. The  22 

transect was captured at beach face, perpendicular to the shoreline. On both beaches, Pietra Ligure 23 

and Mar del Plata, swash and back swash wave movement is definitely emphasized on the images. 24 

This allows a determination of wave swash, which in these case studies measured 3.7 and 7.5 25 

respectively. 26 
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    1 

[figure 5a,b,c,d] 2 

[figure 6a,b,c,d] 3 

 4 

One of the most important applications of Beachkeeper plus is the detection of shoreline 5 

changes, allowing to study beach evolution and its retreat or advance in time.  6 

In Figure 7 the comparison of shorelines manually detected from images and calculated by DGPS 7 
was made to highlight usefulness, applicability and accuracy of the software and of the Draw tool. 8 
Moreover, in order to test the efficiency of the georeferentiation method, the manually sampled 9 
shoreline from the image, ( ){ }, : 1, ,k kl x y k K= = … , was considered together with the DGPS 10 

shoreline ( ){ }# # #, : 1, ,h hl x y h H= = … . The error parameter is defined in terms of mean value, E , 11 

and the standard deviation, ( )σ E , of the set E, which represents the distance between #l  from each 12 
point of l , i.e. 13 

( ) ( )2 2# #min : 1, , : 1, ,h k h kE x x y y h H k K⎧ ⎫⎧ ⎫= − + − = =⎨ ⎨ ⎬ ⎬
⎩ ⎭⎩ ⎭

… …
   

               (12) 14 

Both in Pietra Ligure and Mar del Plata there is a substantial superimposition of the two 15 

shorelines. In particular, when considering the differences between DGPS shoreline and 16 

Beachkeeper plus shoreline for Pietra Ligure beach, errors are 2.75 m and ( ) 1.0 σ= =E E . As for 17 

the shoreline analysis of Mar del Plata, the mean errors are quite similar 18 

( 2.1 m and ( ) 1.15 σ= =E E ). Shoreline detection by field survey or by image detection is subject 19 

to factors of uncertainty due to subjective visual interpretation (Alesheikh et al., 2007; Boak and 20 

Turner, 2005; Liu et al. 2007) so these errors are considered consistent with image resolution and 21 

therefore with location precision. 22 

The error found in the shoreline detection is minimal and therefore it does not invalidate data 23 

quality. As for tide elevation errors, for micro-tidal area beaches like Pietra Ligure, the value is not 24 

influential as in Ojda and Guillén (2008). As regards meso-tidal beaches like Mar del Plata, 25 

shoreline analysis and comparison must clearly be carried out in similar tidal height conditions. 26 

 27 
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[figure 7a,b] 1 

 2 

5. Concluding remarks 3 

Currently the application of video monitoring techniques is site specific (Alexander and Holman, 4 

2004; Archetti et al., 2008; Ojeda and Guillén, 2008; Holman et al., 2003; Holman and Stanley, 5 

2007; Kroon et al., 2007; Lippmann and Holman, 1989; Smith and Pearce., 1997; Turner et al., 6 

2004) and softwares applicable to any image acquisition system are rare. Beachkeeper plus software 7 

represents a complementary software to all currently available systems. One of the software’s 8 

advantages is that it works with any type of images and photos obtained from different acquisition 9 

systems (webcams, digital cameras, internet etc.). In fact, the use of the regularization theory to 10 

estimate DLT coefficients in the georeferentiation process bypasses any a-priori laboratory analysis 11 

for camera calibration and reduces huge errors caused by camera distortion effects. This is a 12 

fundamental aspect of the research, since such a versatile tool eases coastal monitoring because it 13 

does not need acquisition platforms like those described in literature. In this way, any potential user 14 

has no limitations related to webcam installation sites and to the choice of devices for taking beach 15 

photographs. This feature allows to reduce coastal beach management costs. 16 

Moreover, the experimental software Beachkeeper plus, based on current standard procedures 17 

(Aarninkhof et al., 2003; Abdel-Aziz and Karara, 1971; Alexander and Holman, 2004; Holman et 18 

al., 2003; Holman and Stanley, 2007; Kuo et al., 2009; Lippmann and Holman, 1989; Morris et al., 19 

2001; Quartel et al., 2006; Salmon et al., 2007) turned out to be a high quality product, useful for 20 

image elaboration and data extrapolation; it is versatile and applicable to different circumstances as 21 

for example the test and employment in Pietra Ligure and Mar del Plata showed.   22 

In order to evaluate its versatility and applicability to different circumstances, the software was 23 

tested on different types of images. In all cases, image processing feasible with presently available 24 

software was performed. The images from Pietra Ligure webcam, and those from Mar del Plata 25 
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collected with a hand-held camera, provided images of similar high-quality from which interesting 1 

morphological data could be extracted. In particular, georeferencing errors are similar to those 2 

found in previous methodological papers (Ortega-Sánchez et al., 2008), uniform and with low 3 

values on all images. Therefore, quantitative analysis could be carried out in these sites thanks to 4 

video-derived data. This is confirmed by shoreline comparison. In fact, the shoreline extrapolated 5 

from images is very close to the shoreline detected in the same moment with a DGPS. The 6 

difference between a video-derived shoreline and a traditionally measured shoreline is minimal, 7 

with average values lower than 2.5 m. 8 

The main limit of Beachkeeper plus is that it is a package of files which need Matlab® to run. 9 

One of the future developments will be a new stand-alone version able to work in any kind of 10 

platform and without needing any other software.    11 
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 1 

CONTROL 
POINTS 

GAUSS BOAGA N 
REAL 

GAUSS BOAGA N 
CALCULATED 

ERRORS 
(m) 

GAUSS BOAGA E 
REAL 

GAUSS BOAGA E 
CALCULATED 

ERRORS 
(m) 

A 4888522 4888522.20 0.20 1442664 1442664.25 0.25 
B 4888551 4888551.29 0.29 1442665 1442665.53 0.53 
C 4888529 4888528.55 0.45 1442684 1442683.84 0.16 
D 4888552 4888551.56 0.44 1442696 1442696.94 0.94 
E 4888531 4888531.24 0.24 1443745 1443745.46 0.46 
F 4888576 4888576.14 0.14 1442756 1442756.01 0.01 
G 4888604 4888603.59 0.41 1442768 1442770.21 2.21 
H 4888588 4888590.59 2.59 1442812 1442813.76 1.76 
I 4888667 4888666.83 0.17 1442880 1442880.27 0.27 
L 4888643 4888642.97 0.03 1443021 1443021.19 0.19 
M 4888681 4888681.56 0.56 1443032 1443032.19 0.19 

 2 
3 
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 1 

CONTROL 
POINTS 

UTM MERCATOR  S 
REAL 

UTM MERCATOR S 
CALCULATED 

ERRORS 
(m) 

UTM MERCATOR E 
REAL 

UTM MERCATOR E 
CALCULATED 

ERRORS 
(m) 

A 5781014.07 5781013.14 0.93 448225.92 448224.13 1.79 
B 5781032.70 5781032.21 0.49 448247.71 448246.23 1.48 
C 5781051.27 5781050.91 0.36 448259.77 448257.78 1.99 
D 5781082.44 5781081.51 0.93 448313.14 448311.11 2.03 
E 5781129.12 5781127.60 1.52 448383.47 448382.80 0.67 
F 5781166.44 5781165.84 0.60 448436.80 448436.30 0.50 
G 5781203.84 5781204.85 1.01 448502.31 448502.64 0.33 

 2 

 3 
4 
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Table 1. GCPs Gauss Boaga geographical coordinates in Pietra Ligure and their corresponding 1 

coordinates obtained after georeferentiation 2 

Table 2. GCPs UTM Transversal Mercatore geographical coordinates in Mar del Plata and their 3 

corresponding coordinates obtained after georeferentiation 4 

 5 
6 
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Figure 1. Pietra Ligure study area. 1 

Figure 2. Georeferentiation Ground Control Points distribution in Pietra Ligure beach. 2 

Figure 3. Mar del Plata study area. 3 

Figure 4. Georeferentiation Ground Control Points distribution in Mar del Plata beach. 4 

Figure 5. Examples of four types of images obtained through Beachkeeper plus elaboration in 5 

Pietra Ligure: a) Snapshot image, February 5, 2008, 10.50 a.m.; b) Time Exposure image, February 6 

5, 2008, 10 a.m.; c) Variance image, February 5, 2008, 10 a.m.; d) Timestack image February 5, 7 

2008, from 10.48 to 10.57 a.m. 8 

Figure 6. Examples of four types of images obtained through Beachkeeper plus elaboration in 9 

Mar del Plata-Los Acantilados beach: a) Snapshot image, September 20, 2010, 10 a.m.; b) Time 10 

Exposure image, September 20, 2010, 10 a.m.; c) Variance image, September 20, 2010, 10 a.m.; d) 11 

Timestack image September 20, 2010, from 10.05.55 to 10.07.30 a.m. 12 

Figure 7. Comparison between the shorelines detected by DGPS (yellow) and the shoreline 13 

extrapolated from the rectified image (blue) on a) April 7, 2008 in Pietra Ligure, b) September 20, 14 

2010 in Mar del Plata. 15 

 16 
17 
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Highlights 1 

 2 

1.      This work aims at submitting applications of a new beach video monitoring software 3 

2.      The developed software works with any type of acquisition systems 4 

3.      The software is tested on Pietra Ligure and Mar del Plata beaches 5 

4.      Performed tests demonstrate that the software provides high quality data 6 

 7 
 8 



44°09.00’N

1
7
°5

0
,0

0
’E

1
7
°0

0
,0

0
’E 0 200

Meters

100

Pietra Ligure

M
arem

ola R
iver

IT
A

L
Y

Pietra Ligure

-10

0 200

Km

100

Figure1_BN



Figure2



Figure2_BN



Punta Mogotes

Barranca de los Lobos

-3 -5

-1
0

Mar del Plata

5
7
°3

2
,0

0
’W

5
7
°3

3
,0

0
’W

5
7
°3

4
,0

0
’W

5
7
°3

5
,0

0
’W

5
7
°3

6
,0

0
’W

38°06,00’S

38°07,00’S

38°08,00’S

300

ARGENTINA

Mar del Plata

1500

Km

Figure3_BN



Figure4



Figure4_BN



a

Figure5a_BN



a

Figure5a



b

Figure5b



b

Figure5b_BN



c

Figure5c



c

Figure5c_BN



d

0.00 8.03 16.41 24.73 33.75

10.48.00

10.57.00

Figure5d_BN



a

Figure6a



a

Figure6a_BN



b

Figure6b



b

Figure6b_BN



c

Figure6c



c

Figure6c_BN



d

0.00 8.95 17.45 26.45 34.91

10.05.55

10.07.30

Figure6d



d

0.00 8.95 17.45 26.45 34.91

10.05.55

10.07.30

Figure6d_BN



a

Figure7a



a

Figure7a_BN



b

Figure7b



b

Figure7b_BN




