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Abstract— The nautical traffic is very difficult to monitor 

since many vessels are not cooperative. VTSs (Vessel Traffic 

Systems) use several sources of information for estimating ships’ 

Position Navigation and Velocity, such as AIS (Automatic 

Identification System) and RADAR (RAdio Detection And 

Ranging); nevertheless, VTS areas do not cover the entire costal 

area of a country. In many cases the classification and 

identification of small non-AIS vessels could provide an 

important to the safety of navigation.  

Indeed, especially during the summer, the nautical tourism has 

a great impact on the maritime traffic congestion. The issue 

involves many institutions such as Marine Protected Areas 

(MPAs) and local maritime authorities which are not able to 

monitor the high volume of nautical traffic. This work 

introduces an optical system designed to monitor the traffic in 

small coastal areas based on images acquired by a single camera. 

The reliability and accuracy of the system is conditioned by the 

size of the pixel on the sea surface (Ground Sample Distance - 

GSD) and by the camera footprint area as well. More in detail, 

this work focuses on the detection of the best camera placement 

on the coast for optimizing the GSD size and obtaining the shape 

of camera footprint. The inspection was conducted on a target 

area of the MPA “Punta Campanella” located on the Sorrento 

coast.  

Keywords—Metrology-Photogrammetry-Maritime Traffic 

Monitoring -Low cost- Positioning-Navigation  

I. INTRODUCTION & MOTIVATIONS 

The maritime traffic management has always been a 

challenging task for the international maritime community, 

countries and local maritime authorities [1], being 

fundamental for both safety and security purposes [2-4]. 

Generally, all the ships find their own way and conflicts are 

resolved locally in according to the COLREGs (Convention 

on the International Regulations for Preventing Collisions at 

Sea) [5]. In some areas characterized by high-density traffic, 

the IMO (International Maritime Organization) and the 

maritime authorities tackled this problem introducing the 

Ships Routeing such as Traffic Separation Schemes (TSS), 

recommended routes, precautionary areas and traffic lanes 

[6,7].  

Traditionally, the master of a ship is responsible for the 

vessel’s course and speed and can be assisted by a pilot where 

necessary [8]. In 2000 a new SOLAS issue came into force, 

the IMO recognizes a significant role to the VTS (Vessel 

Traffic Services). These shore-side systems provide 

important information on weather hazard, warnings, traffic 

data to all the ships navigating in their operational area [9]. 

The VTS Control Center manages all this information and it 

tracks the vessel traffic on its operational area. Moreover, the 

VTS operator may directly contact the ship in case of a risk 

of collision, accident or other events that could create traffic 

congestion as well as an environmental hazard. For this 

reason, when a ship enters in a VTS area it must contact the 

control center, usually by radio and maintaining an active 

communication via a VHF radio channel [10]. The 

Governments establish the number and the size of VTS area 

according to the volume of traffic or the degree of risk [11]. 

The above-mentioned procedures do not involve all types of 

ships; in Italy the collaboration with a VTS is in fact 

mandatory for all the ships over 300 GT (Gross Tonnage), all 

the passengers and fishing ships as well as, recreational boats 

with a minimum length of 45 meters. Furthermore, the VTS 

areas do not entirely cover the Italian coasts, since they have 

been established only for the main ports of the country. 

The vessel traffic volume can be estimated using web 

services like Marine Traffic©, that records the tracks of the 

ships equipped with AIS (Automatic Identification System) 

[12,13]. There are no in-depth studies on the volume of 

nautical traffic of pleasure boats, although in 2018 almost five 

hundred accidents involved these type of vessels as recorded 

by the Italian Department for Transport and Navigation [14]. 

However, recreational craft tracking, and monitoring is still 

an ongoing challenge, especially because these vessels are 

not cooperative. This becomes particularly evident during the 

summer, when the nautical tourism heavily impacts on the 

maritime traffic along the Italian coasts. 

This phenomenon creates several problems to the marine 

environment [15,16], and to the coastal erosion [17,18].  

Marine Protected Areas (MPAs) have been established to 

preserve the marine environment and its biodiversity by 

identifying a spatially delimited areas where any kind of 

human activity is limited. The Italian Ministry of the 

Environment and Protection of Land and Sea establishes the 
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overall area assigned to a generic MPA; this area is divided 

in three zones named A-B-C in which different 

environmental protection regimes are applied: 

•  Zone A defines an integral reserve area, where only 

scientific research and authorized diving are 

allowed. The nautical traffic is here prohibited 

regardless of the vehicle’s propeller. 

• Zone B defines a general reserve area, where the 

anchorage is not allowed but it is possible to 

navigate with limited speed; in some sub-areas the 

use of specific propellers can be forbidden.  

• Zone C: defines a partial reserve area, where the 

nautical traffic as well as the anchorage are 

allowed, but with speed limitations. 

The Coast Guard encounters many difficulties in monitoring 

the nautical traffic, especially when it comes to the speed or 

the compliance of no-go areas. 

This paper describes a preliminary study of a monitoring 

system based on smart surveillance cameras able to identify 

recreative boats or vessels, tracking them and estimate their 

position and speed. This system could help the Coast Guard 

to detect any misbehaviour of craft conductors: it could in fact 

be employed to estimate the nautical traffic density over 

specific areas as it works on non-cooperative vessels.  

In this study different geomatic techniques (GIS & 

Photogrammetry) are exploited to estimate the best location 

for the installation of a smart camera, based on the potential 

size of GSD (Ground Sample Distance). This latter parameter 

will be taken as reference for estimating the potential 

accuracy of the system in terms of speed and position 

detection. 

The paper is organized as follows: section 2 presents the 

theoretical background and a brief description of the analysed 

MPA while in section 3 the obtained results and their 

discussion are reported. Finally, section 4 illustrates the 

conclusions and some future developments. 

II. BACKGROUND 

A. Case study 

The study was conducted on the specific no-go area of the 
MPA “Punta Campanella”. The MPA is located at the south-
western end of the Sorrentine Peninsula, part of the territory 
of the municipality of Massa Lubrense (Metropolitan City of 
Naples), in the Campania region of Italy. The reserve 
includes the coast that extends for 30 Km from Punta del 
Capo (Gulf of Naples) to Punta Germano (Gulf of Salerno) 
and includes a charming succession of grottoes, inlets, and 
bays. A few miles off the coast, small reefs are scattered here 
and there (Vervece, Vetara, Isca and Li Galli). Specifically, 
the study focuses its inspection on the Vervece integral 
reserve area, bounded by four yellow buoys whose 
geographic coordinates are linked to the ED50 reference 
system as well as reported on the MPA regulation. 

B. Theoretical Background 

An optical monitoring system is designed to maximize the 

coverage area and increase the measurement performances as 

well. The choice of the camera position and orientation plays 

a fundamental role in achieving such goal. This section 

describes the methodology developed to locate and direct a 

generic camera, with the aim of minimizing the mean GSD 

dimension.  

The camera position will surely be constrained to the coast 

surface of the area of interest. For this reason, a DSM (Digital 

Surface Model) was employed to detect the points which 

could best fits, for a specific camera, the installation on the 

coastal surface.  

A finite pinhole camera model [19] with specific sensor size 

and focal length is here considered. The camera coordinate 

system has its origin in the optical centre of the camera, while 

the three axes can be set basing on the user’s scope. In this 

case, the z-axis is defined to coincide with the camera optical 

axis positive towards the view direction, while the x- and y-

axes are parallel to the columns and rows of pixels in the 

image plane. 

The proposed approach is based on the single-view geometry, 

a well-known configuration in Photogrammetry and in 

Computer Vision fields [20-21]. This configuration is 

employed for measurements purposes in multiple fields, such 

as: player tracking during sport events [22-23], controlling jet 

flow [24], navigation [25-26], vehicle attitude estimation [27-

28] and object 3D reconstruction [29]. 

A generic point in the 3D space with coordinates � =[X, Y, Z]  is mapped to the point on the image plane with 

coordinates 	 = [
, �] ; this latter is created by the 

intersection between a line, joining the point � to the optical 

centre � = [Xc, Yc, Zc] , and the image plane [30]. If both 

coordinates systems are expressed by homogenous vectors, 

then the mapping can be represented as a linear relationship 

between them. Such mathematical model can be written as a 

linear combination of the external (position and orientation) 

and internal (focal length and sensor size) camera parameters. 

 

 

 
Fig. 1 – The default image plane is centered on a generic DSM vertex and 

the camera reference system is oriented parallel to the world one. In order to 
point the centroid of the area of interest, two rotations shall be performed: 

around the z axis first and the x1 axis then. 

The optical centre moves through the DSM vertexes and 

assumes all the possible positions on the coast surface, while 

the orientation parameters are unknown. The first step is to 

define the camera position on the DMS; afterwards, the 

camera orientation parameters can be obtained supposing that 

the optical axis points the area of interest. Such operation can 

be carried out by constraining the optical axis on the line 

connecting the perspective and the centroid of the area of 

interest. This condition is realized performing two rotations: 

the first one is made around the “z” camera axis to bring the 
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“y” camera axis along the vertical plane passing through the 

perspective centre and the centroid of the area of interest. The 

second rotation is then performed around the new “x1” axis 

to bring the optical axis towards the centroid of the area of 

interest (figure 1). 

Considering κ e ω as the rotation angles around the z and x1 

axis respectively: the rotation matrix R can be computed as 

follow: 

 

R= �1 0 0

0 cos ω sin ω

0 -sin ω cos ω

� � cos κ sin κ 0

- sin κ cos κ 0

0 0 1

� (1) 

 

The considered rotations hold the wide side of the camera 

horizontal. The described approach allows to optimize the 

coverage of the area of interest in this case study. Other cases 

could require an additional rotation around the optical axis as 

well. 

The intrinsic parameters matrix can be described through the 

calibration matrix K: 

K= � f 0 x0

0 f y
0

0 0 1

� (2) 

 

where �  is the focal length and 
�  and ��  are the image 

coordinates of the principal point (i.e., the intersection 

between the optical axis and the sensor plane). The 

calibration matrix represents the mathematical model of the 

camera and the features of its internal geometry. 

The mapping relationship between the camera coordinates 

and the 3D coordinates can be represented by the projection 

matrix P, obtained as follows: 

 

P=K∙R∙[I|-C] (3) 

 

This matrix allows to define the relationship between the 3D 

space coordinates and the 2D image coordinates expressed as 

homogenous vectors: 

 

[x |1]T=P∙[X|1]T   (6) 

 

For this case study, the Earth curvature can be neglected, 

being the dimensions of the area of interest quite small; 

therefore, the sea surface is here assumed as a Euclidean 

plane. This condition greatly simplifies the projection matrix 

since the Z coordinate can be set to zero. 

 

�xy1�  =[p1 p2 p3 p4]∙ �XYZ1�   (5) 

 

where �  is a column vector representing the projection 

matrix. The Equation (5) can be rewritten as (6): 

 

�xy1�  =[p1 p2 p4]∙ �XY1� =H∙ �XY1�  (6) 

 

The matrix H (6) is a 3x3 square matrix with full rank. Such 

matrix is known as homography matrix, and it maps the 

coordinates from the sea surface plane to the image plane and 

reverse. 

III. DISCUSSION & RESULTS 

A. Virtual Enviroment Setup 

The inspection has been conducted in a simulated 

environment, setting a virtual camera with a standard High-

Definition resolution of 1920x1080 pixel and an equivalent 

focal length of 60 mm, with the principal point being at the 

center of the image plane. In this preliminary study, the image 

distortion normally introduced by the physical lens has been 

neglected.  

A DSM obtained through aerial LiDAR (Light Detection And 

Ranging) data has been used as a 3D model for the coastal 

area of interest. The raw data processing was performed using 

the last return of the laser pulse. The result can be represented 

as a dense gridded points cloud with a cell dimension 1-by-1 

meter linked to the reference frame ETRF89 (Figure 2). 

 

 
Fig. 2 – Dense gridded point cloud used as DSM 

A specific algorithm was implemented in the MatLab® 

environment with the aim of moving the camera center from 

a point of the DSM to another and to further place the optical 

axis in the direction of the centroid of the area of interest.  

 

 
Fig. 3 – A generic camera footprint and the reprojection of the sensor pixel 

grid on the sea surface.  

Finally, the projection and the corresponding homography 

matrixes were computed for each point of the DSM. 
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The projection matrix is then used to determine the image 

coordinates of the area of interest vertexes, while the 

homography matrix is employed to reproject the sensor pixels 

grid which covers the area of interest on the sea surface 

(Figure 3). The obtained result is a grid on the sea surface 

composed by cells with irregular shape (consequently an 

irregular GSD).  

The figure 4 shows a generic camera, oriented according to 

the developed approach as illustrated in the previous section. 

Moreover, in cyan is represented part of the camera sensor on 

projected the sea surface. The cropping was performed to 

completely cover the area of interest. As shown in figure 4, 

the width sensor dimension is smaller than the height one; 

both dimensions increase their size as the distance between 

the projected point and camera center increase. 

The inspection is then performed on the GSD size to identify 

the mean covered area by a pixel and the mean of the two 

GSD dimensions. Specifically, in this work, the assessment 

focused on the GSD mean area (approach n°1) and the mean 

GSD height dimension (approach n°2). 

 

 
Fig. 4 – A 3D representation, on the virtual scenario, of a generic camera orientation and its projected camera sensor grid on the sea surface. The projected 
area was cropped to cover the entire Area of Interest 

 
Fig. 5 – The figure shows the Digital Surface Model of the coast in the nearby of the Area of Interest. Each point is colorized in accordance with the computed 

mean area of the GSD. The values of the scalar fields are expressed in square meters. 

Best point according to 

the approach 1 

Best point according to 

the approach 2 
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B. Results 

The grid size and the mean GSD area is computed for each 

point of the DSM. These parameters allow to colorize the 3D 

cloud point according to the obtained results. Figure 5 shows 

the colorization of the DSM of the coast in which the color 

scale field is based on the average area covered by a pixel of 

the defined virtual camera. The resulting-colored map allows 

to detect which area of the coast is suitable for installing the 

camera. Figure 5 shows the zones which provide the smallest 

and the largest GSD areas colorized respectively in blue and 

red. Furthermore, two points were detected on the DSM, 

which minimize the mean GSD area (approach 1) and the 

mean height GSD dimension (approach 2). These points are 

the best candidates for installing a surveillance camera. 

C. Discussion 

The achieved results allowed to estimate the best position for 

the installation of a camera covering a small GSD area and 

minimizing the GSD height dimension in average. Although 

such area is a good indicator of the capability to detect a target 

and its speed, the shape of GSD assumes an important role as 

well. Indeed, it must be considered that the height dimension 

could become 10-20 times larger than the width one, thus 

generating two different spatial resolutions. Since the 

capability to detect a target and its speed is strongly related to 

the spatial resolution, further analysis should be conducted to 

inspect the range of routes which could provide an adequate 

accuracy. In this work just two different criteria were used for 

inspecting the spatial resolution of the camera footprint. Of 

course, other approaches can be introduced to evaluate the 

camera best position, although the coast morphology would 

provide similar results. 

Another issue which should be considered to improve the 

results is related to the visibility. In fact, the presence of 

buildings and other artificial structures could partially 

obstruct the view of the area of interest, thus making the study 

of the visibility from a generic DSM point of particular 

importance.  

IV. CONCLUSION AND FUTURE DEVELOPMENTS 

This work deals with the problem of monitoring the nautical 

traffic in coastal areas, which constitute a challenging task 

especially during the summer. In particular, an automatic 

approach is here proposed to strategically place a camera on 

the coast of the area of interest, from which tracking the 

vessels and their speeds. The study has been conducted in the 

MPA of 'Punta Campanella', on the coast of the Campania 

Region, Italy. 

Preliminary results demonstrate the validity of this method, 

showing very promising scope for improvement. 

Nevertheless, in this work, the internal camera parameters 

(i.e. focal length, sensor pixel size and distortion coefficient) 

remain unchanged; further future developments of the 

methodology could regard these parameters. The study could 

provide the best location of the camera as well as the best 

focal length and pixel size for obtaining a sure detection of a 

known size boat.  

Finally, further works and crossed inspections could verify if 

the presence of obstructions in the camera field of view has 

an impact on the overall results. 
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