2019 IMEKO TC-19 International Workshop on
Metrology for the Sea
Genoa, Italy, October 3-5, 2019

Shoreline measurement obtained with direct and
remote techniques on a sandy beach in Gulf of

Pozzuoli (Campania)

Giovanni Pugliano', Umberto Robustelli!

, Guido Benassai'

, Diana Di Luccio?, Luigi Mucerino®

YUniversity of Naples "Parthenope", Engineering Department, Napoli, Italy
2University of Naples "Parthenope", Science and Technologies Department, Napoli, Italy
3University of Genova, Department of Earth, Environment and Life Sciences, Genova, Italy

Abstract — In this paper the comparison between video-
based and GPS-derived shoreline measurements was
performed on a sandy beach located in the Gulf of Poz-
zuoli (Italy). The comparison between video camera
and DGPS coastline has been carried out measuring the
error as deviation from the DGPS line computed along
the normal to DGPS itself. The deviations between the
two dataset were examined in order to establish possi-
ble spatial dependence on video camera point of view in
the intertidal zone. The results revealed that, generally,
the error increases with the distance from the acquisi-
tion system. The comparison shows that the proposed
model correctly represents the cameras error in coast-
line image extraction process.

I. INTRODUCTION

Coastal areas are highly dynamic environments that pro-
vide important benefits but are also subject to a variety of
natural hazards such as erosion, tsunamis and floods [1].
Understanding and predicting shoreline variability remains
one of the main problems in coastal geomorphology and
engineering. The dynamic nature of the shoreline and its
dependence on the temporal and spatial scale at which it is
being considered involves the use of a broad range of geo-
matic techniques. A number of data sources are available
for shoreline positioning and mapping [2, 3], all present-
ing advantages and disadvantages. Direct shoreline sur-
veys are normally carried out using GNSS technique by
post-processing or real time methods [4]. The benefit of
this technique is that it is higly accurate [5]; the main limi-
tation is the huge time required for covering large stretches
of the coastline and the difficulties inherent in doing ad-hoc
timely post storm measurements. Shorelines may be de-
rived by the application of digital image-processing tech-
niques, airborne and satellite [6, 7] remote sensing pro-
vide the most common data sources for determinig shore-
line positions. Land-based remote sensing technique is
also available. Video monitoring can provide a remotely
sensed measurement, fixed at a secure location (e.g. a
tower or high-point), with the capability of acquiring im-
agery at a frequency ranging from fractions of seconds to

hours. The technology is relatively low-cost, but the main
issue is the processing method, especially the image recti-
fication process, considering that the imagery is strongly
oblique and relies on a number of GCPs (Ground Con-
trol Points) for finding the best geometry solutions. This
technique has been successfully applied for both shoreline
monitoring and rip current measurement [8, 9]. Based on
this background, the research has focused on evaluate the
potential errors resulting from the use of video monitor-
ing system for the shoreline detection. The study area is
a sandy beach located in the Gulf of Pozzuoli (Campa-
nia, Italy). The video shoreline remote observation was
validated with the same measurements obtained during a
Global Positioning System (DGPS) survey. The ability to
detect the shoreline and its changes with video-monitoring
techniques was checked to evidence possible errors and
correlate them with the distance from viewpoint. The used
statistical comparison model, suggested by Pugliano et al.
[10], was tested in this new study area.

The paper is organized as follows: section ii. describes
the used methods and data, section iii. presents the sta-
tistical results of the coastline data processing, section iv.
draws the discussion of the obtained results, the conclu-
sions and the future works.

II. METHODS AND DATA
A. Beach video-monitoring

In this study a video monitoring system was used to the
shoreline detection along the beach (Fig. 1a). The video
cameras was installed in proximity of a little beach (Fig. 2)
in the Gulf of Pozzuoli (41°12°41.81”N;13°33°29.66”E).
Two cameras (T1 and T2)) provide a total view of the
beach with 1280x720 pixel resolution from an elevation
of about 11 meters above Mean Sea Level (MSL). The im-
ages were collected every second from 8:00 until 16:00 lo-
cal time and processed using Beachkeeper plus software
[11] according to previous experience showed in Benassai
et al. [12]. The video monitoring images were processed
using time exposure images (or timex) methods; Shoreline
detection from image is based on the physical considera-
tion that the colour contrast between beach and water is
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Fig. 1. Study area with video camera coastline (green line), DGPS coastline (red line), GCP (yellow circles) and video
camera position (red star). (basemap (©)2019 Google product).

sufficient, lighting is strong enough and the number of pix-
els in the water and beach groups is sufficient. Following
[13] and other less recent Authors [14, 15, 16], the shore-
line is detected using the swash signature on timex average
images and its detection was based on the physical consid-
eration that, when enlightenment and the picture are ade-
quate, wet/dry boundary produces a visible color contrast
easy to detect into the beach face. Finally, shorelines ob-
tained from corresponding images from the two cameras
are managed to form a whole continuous shoreline.

B.  DGPS survey

DGPS survey was necessary to acquire the coastline po-
sition and to support the video-camera acquired dataset
post-processing. In order to geo-rectify the video-derived
images [17], a number of Ground Control Points (GCP),
placed in the view area of cameras, were acquired in UTM-
WGS84 using DGPS (Fig. 1a).

The surveying was employed also to get the reference
shoreline position. The collection of shore-parallel GPS
positions was carried out in 30th November 2018 using a
single frequency, code and carrier phase receiver (Trimble
Pathfinder ProXH) as rover.

C. Statistical comparison model

The comparison between video and DGPS coastline has
been performed on the whole beach, measuring the error
as deviation from the continuous DGPS line computed de-
picted in green along the normal to DGPS itself for a sam-
ple of about 200 points. These points were chosen keeping
constant the mutual distance (about 0.6 m) along the track.
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In this paper we tested the error model for video cam-
era measurements developed by authors in Pugliano et al.
[10] on the beach reported in Fig. la. The displacement
offset with respect to the normal direction to the coastline
en (see Fig. 3) can be divided two components: €, repre-
senting the longitudinal error along the line of sight from
the camera to the object and 7 representing the transverse
error, perpendicular to the line of sight. The angle « is the
angle between the coastline and the line of sight. If « has
been observed, then

EN =€ sina + 7 cos (1)
The longitudinal and transverse errors are computed
from the following equation:

EL = €T =aD — be®® (2)
where D is the distance of the shoreline from the video
camera, s is the intertidal beach slope, e is the Napier’s
constant, and a, b, ¢ are three constants to be determined
experimentally. In Equation 2 the correction be®® may be
applied to the distance-dependent error a D as the intertidal
beach slope increases, which is in agreement with the in-
verse proportionality of the normal error with the beach
slope [13].

Substituting Equation 2 into Equation 1, and if the lon-
gitudinal and transverse errors are grouped, yields

3

ey = (aD — be®) (sina + cos )
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Fig. 3. Scheme of the longitudinal and transverse error
projections along the normal direction to the coastline.

III. RESULTS

In Fig. 1 the video camera coastline (in green) and the
DGPS one (in red) is reported for the whole beach.

In order to perform the error analysis it is useful to break
the normal error into a distance-dependent part ¢’y and a
slope-dependent one &7;.

The distance-dependent part can be estimated as:

e = aD (sina + cos @) 4)
where the constant a is computed experimentally from the
field data; the values were 0.015 and 0.01 for the North side
camera (from 0-32 m) and the South side camera (from
32-134 m), respectively.

In performing normal error estimation, it is assumed that
there are possible corrections due to the increasing inter-
tidal beach slope. The model adopted to estimate these

corrections is:

g’y = be® (sina + cos a)

(%)
Nevertheless, in this work we do not consider the slope
so the error is fully represented by Equation 4.
Substituting the appropriate values into Equation (4),
yields:

e = 0.015D (sin« + cos ) (6)
for north camera and
gy = 0.01D (sin a + cos @) (7

for south camera.

The result depends on the combination of two compo-
nents including camera distance D and the angle « be-
tween the coastline and the line of sight. The error model
for video camera measurements was tested for the entire
study area. Figure 4 shows the estimated normal errors
determined by the final computed Equation (4). The pos-
itive (negative) values indicate seaward (landward) offsets
of the shoreline. The red curve represents normal errors
that increase with the distance compared to the observed
values (light blue curve).

The observation of Fig. 4 suggests that the particular
combination produced results corresponding to those ob-
served for the whole beach. In particular, for the north-
ern camera image the error was around + 1 m, while for
the south camera images a discontinuity with a maximum
value of 1 m happens near 105 m.

IV. DISCUSSION AND CONCLUSIONS

In this paper, a shoreline detection technique from a low-
cost video monitoring station was used, applying an auto-
matic extraction technique that undertakes a water/beach
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Fig. 4. Estimated normal error.

distinction from color band ratios and a shoreline slope
recognition module.

Compared to a direct DGPS survey, the video-derived
coastline acquisition was less time consuming and more
cost effective. The possibility to acquire a beach topogra-
phy with a high temporal frequency can potentially high-
light coastal processes during the winter season, when a
direct survey is difficult due to harsh weather conditions.
The error model, based on the transverse and longitudinal
error along the line of sight used gives good results.

Day-light limitations of the video-derived data can be
overcome by thermal cameras, which can operate also dur-
ing night hours in order to monitor the beach during se-
vere events. This goal will be the continuation of the
present research, together with the challenge of modeling
new algorithms to lower the deviation from direct measure-
ments. Some related avenues of research that should be
pursued include further validation comparing the coastline
obtained with the cameras and that obtained with a dual
frequency GPS survey. In fact, as amply demonstrated in
[18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28] single frequency
receivers are affected by errors that can be mitigated with
by using double frequency receivers.
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