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Abstract 

The Earthôs surface is covered with 72% water. This fact alone emphasizes the 

importance of improving maritime situational awareness, the ability to recognize events, 

circumstances, and activities within, and affecting the maritime environment which is 

nowadays of paramount importance for safety and security. In order to achieve the task 

of 'Maritime Surveillance' or simply marine object detection, we need a structured 

approach that combines different study areas. This approach has been applied 

for achieving this study based on combining satellite imaginary and cartographic 

methods besides maritime detection methods. 

The free, full  and open data policy of the EUôs Copernicus programme has greatly 

increased the amount of remotely sensed data accessible to both operational and study 

activities. Therefore, this study focuses on the use of Copernicusôs Sentinel-1 radar 

satellite as the routine data acquisition of Sentinel-1 has made it possible to investigate 

and analyze the longtime series, many months to more than one year. Thus, the Sentinel-

1 data has been combined to the ship self-reporting data (AIS) which is considered as 

the core of building every port ship movement's database. 

Applying these methods has given new insights into human activities at sea. However, 

in order to get an insight into the presence and distribution of both reporting and non-

reporting ship traffic, a combination of Sentinel-1 images and the ship reporting data is 

needed. These non-reporting ships includes small ships and may also include large ships 

of which, for some reason, no AIS reports are received (i.e., blackout problem). The 

combination of the Sentinel-1 images and the ship reporting data forms a useful tool that 

has been applied in this work to detect and emphasize the Unknown ships. 

 

Index Termsð maritime surveillance, ship detection, Sentinel-1, daily port database, 

Synthetic Aperture Radar, Automatic, Identification System, Complex logical work. 
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1. Introduction  

Today maritime transportation represents 90% of global trade volume. The safety and 

security challenges are therefore of high precedence at the international level (Michele 

Vespe et al., 2012). According to the International Convention for the Safety of Life at 

Sea (SOLAS, regulation 19), ñAll ships of (300) gross tonnage and upwards engaged 

on international voyages and cargo ships of (500) gross tonnage and upwards not 

engaged on international voyages and passenger ships irrespective of size shall be fitted 

with an automatic identification system (AIS)ò (IMO (International Maritime 

Organization), 2001). This regulation means that not all sailing vessels are carrying AIS, 

for that it is impossible to detect all the moving objects on the water body such as (small 

ships, fishing boats.). These vessels can restrict the process of the maritime surveillance, 

as it is defined by the ability to monitor all activities at sea to support the efforts related 

to security (e.g., the irregular sea border crossing, and smuggling of illegal goods), 

safety (e.g., Search and Rescue), environmental and sustainability aspects (e.g., fishing 

control, and pollution) (Aayush Grover et al., 2018). 

Under those circumstances the surveillance has been controlled by two types of systems: 

the cooperative or reporting system and the non-cooperative system. 

In the cooperative system, vessels themselves report their identities, location and speed. 

This can be performed through one of these options: Automatic Identification System 

(AIS), Long Range Identification, Tracking (LRIT) or Vessel Monitoring System 

(VMS). These data are important for situational awareness. It also makes it much easier 

to collect and process data that would otherwise only be obtained by interrogation (via 

the maritime VHF radio or through a boarding). 

The non-cooperative monitoring systems do not require cooperation from the side of the 

ship. According to this system, data can be obtained in different ways based on where 

the sensors are located, for example: coastal, shipborne, airborne, or spaceborne. The 

acquired data can determine the vessels from the background sea clutter without the 

dependence on the vesselsô cooperation (Carlos Santamaria et al., 2017). 
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The satellite-borne sensors allow the detection of non-carrying AIS ships such as 

smaller fishing ships and ships which are sailing illegally in the surveyed area such as 

illegal fishing and piracy (Aayush Grover et al.,2018).  

This research focuses on the satellite-borne sensors method for detecting shipsô 

positions using Sentinel-1. This satellite provides images of the Earth surface including 

the water area such as (seas, oceans ..) by the radar wavelengths which can be proper 

for the ship detection independent of the weather and day/ night conditions. For that, 

Sentinel-1 is a useful tool for maritime surveillance to become aware for the ship 

movements at sea (European Cmmission , 2016). 

This satellite has been launched on the 3rd of April 2014 and became one of the main 

tools of the European Space Agency (ESA) for the European Copernicus program. The 

agency has been established for performing environmental, economic, public and 

security services (Velotto et al., 2016).  

This study also focused on creating a map using the geographic information system 

(GIS). This system helped us in creating this map, compiling geographic data, analyzing 

mapped information and managing geographic information in a database. regarding that, 

a map of Tartous port was created using the GIS software under the aim of visualizing 

the marine traffic within this area. However, for making this visualization clear and 

understandable both the navigational and cartographic map elements were combined to 

the resulted map. 

This ships traffic data that will be visualized has been obtained based on utilizing the 

Sentinel-1A database with an acquired port database that consists of daily port ship 

movement reports. Therefore, these port data have been combined with the extracted 

satellite data under the purpose of accumulating and identifying all the detected ships' 

information in an accurate way. Finally, with using this method both the cooperative 

and non-cooperative ships were exploited and paired with each other in the observed 

time period. In other words, create a harbor map that ï with its dynamics ï helps readers 

to better understand the marine traffic in the harbor.   
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2. Study Area  

The area of interest of this study is the Mediterranean Sea (Tartous port, Syria). The 

study period is almost one full year 2018, from 13. January to ςυȢ December 2018. 

2.1 Country general view 

Syria is located on the eastern of the Mediterranean Sea, between longitudes (35Á43ô, 

42Á25ôE) and latitudes (32Á19ô, 37Á20ôN). The area of the country is about 190 000 m2 

with the Iskenderun and Golan Heights included. It is bordered in the north by Turkey, 

in the east and southeast by Iraq, in the south by Jordan, in the southwest by Palestine 

and in the west by Lebanon and the Mediterranean Sea as it is shown in (Figure 1). 

Syria has 14 Governorates (mohafazats) including Damascus, the capital city. The 

governorates are divided into a total of fourteen districts, which are further divided 

into sub-districts (Ghaleb- Abbas, 2010). 

 

Figure 1: Map of Syria showing the borders, ( Austrian Federal Ministry, 2015)  

Source: Collins World Explorer Premium, Natural Earth 

Syria has been considered as an important transport linking point because of its 

location between the three continents: Asia, Africa and Europe, and its coast on the 

Mediterranean Sea in 183 km length (Enad, 2010), syria mainly consists of four 

physiographic regions: the coastal, mountain, interior and the desert (Ghaleb- Abbas, 

2010). 
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Á The coastal plain: which is located between the mountains and the sea covering the 

area from Turkey in the north to Lebanon in the south along the Mediterranean Sea. 

This region is the focus of the present work. 

Á The highland and mountains: this region extend from north to south parallel to the 

Mediterranean coast such as the Jabal an Nusayriyah mountains. 

Á The interior region: this region includes the plains located in the east side of the 

highlands and the plains of Damascus, Homs, Hama, Aleppo, Hassakeh and Daraa. 

Á The desert plains (Badiah) in the southeastern part of the country, adjoining Jordan 

and Iraq. 

2.2 City of study view 

The Syrian coastal extends over the area between the Turkish border in the North to 

the Lebanese borders in the south on the eastern coast of the Mediterranean. It has a 

total area of 5070 km2, Tartous province lies at the southern part of the Syrian coast 

(Figure 2 & 3), its coastline covers over nearly 90 km, the Tartous Governorate 

occupies an area of 1963 km2. It has an island (Arwad) which located a few kilometers 

off its shoreline and it is the only inhabited island along the Syrian coast (Ghaleb- 

Abbas ,2010)  

 

Figure 2: Syria Map Governorates 
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Figure 3: Tartous Governorate 

Source: (Ghaleb Faour, Abbas Fayad, 2010) 

2.3 Tart ous port 

Tartus is a city located on the Mediterranean coast of Syria. It is considered as the 

second largest port city in Syria. The city of Tartous is the capital of the Tartous 

governate, it has a population of 283 571 (2014 census). The Tartous governate also 

plays a strategic economic role by hosting two of Syria's three major ports, Tartous, 

and Banyas (the third is located in Latakia) as well as the Banyas Refinery and Power 

Plant and the Tartous Cement Plant. Syria's ports have reached maximum operating 

capacity over the past few years - in part due to Syria's increasing role as a major transit 

point for goods traveling to Iraq ( Wikipedia contributors, 2017). 

2.3.1 General background 

Tartus port occupies an area of 3 000 000 m2 which is divided into a marine zone 

with 1 200 000 m2 and a land zone with 1 800 000 m2. The entrance channel of 
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Tartus port has a width 200 m and depth 14.5 m. The highest tidal range in the port 

is 50 cm (Saeed, 2014) 

The main design of the port had been done by a Danish ports design company 

(Camp Zach company) and the construction started in 1/5/1960 by a group of Arab 

and foreign companies according to the last updated designs in that time which 

included the essential needs of the port from the loading, discharging and storing 

facilities. However, the primary stage was accomplished in 1966 and at the end of 

1966, the investment has been started in a limited way by a single quay with a length 

of 500 ά and a limited number of mechanisms, warehouses (Syrian Arab Republic 

Ministry of Transport, 2014). 

 

Figure 4:Satellite image of Tartous port 

Source: Google earth 
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2.3.2 The port infrastructure  

The port protected by two breakwaters, the length of the main breakwater is 2650 m 

with a depth1 of 13 m and the length of the secondary breakwater is 1620 m. These 

breakwater structures are constructed near the coast as part of coastal management, 

particularly to protect the inner anchorage area from the weather and longshore drift 

effects (Saeed, 2014). 

The port has three main moles (A, B, C), which act as the piers of the port (Figure 

5). The pier is a manmade construction in the waterbody, basically supported by well-

spaced piles or pillars. They are designed to let the tides and currents flow 

comparatively obstructed, also the separated piles of a quay can perform as a 

breakwater. According to the UFC   Piers (wharves) provide:  

Á Berths with appropriate dredge depths for ships. 

Á Secure mooring for vessels berths. 

Á Transfer points between water carriers (ships) and land transport (vehicles) for 

both cargo and/or passenger ships. 

Á Facilities for maintenance; and specialized purposes. For that each of the piers 

(moles) has several berths. 

 
Figure 5:Map Map of Tartous port showing the infrastructure, based on a raster map (Ports in Syria, 2012) 

                                                           
1 The depth of the breakwater is the distance from the top or surface to the bottom of the 

breakwater and usually it is designed with taking in consider the difference in level between 
high and low water. 
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The port has 22 berths with different lengths and depths regarding their services. The 

berth is a space at a wharf (pier) that would be occupied by one ship to dock or anchor 

for many purposes such as (loading, discharging, maintaining), it doesn't have a fixed 

size, but it would rather depend on the size of the ship which it will serve (Wikipedia 

contributors, 2019). 

According the (Figure 5), the Tartous port is divided into three moles and each mole 

divided into berths. Some of them are split further into many parts where all these 

parts are serving the same purpose of the main berth. Based on the official 

descriptions (Saeed, 2014) these purposes are the followings: 

Á Mole (A): it has 5 main berths some of them are divided into blocks such as the 

berths number (2 and 4). Specifically, this mole equipped with electric winches 

along the railway lines as it is shown in (Figure 6). In addition to six warehouses 

for storing the light goods. It is also provided with special silos for the exporting 

and importing grainsô processes with a capacity of 85,000 tons at the depth of 12 

m. However, the berths number 1 and 2 with their parts are facilitated for serving 

only the military ships and crafts. 

 

Figure 6:Picture showing part of the electric winches serving Mole (A) 

 (Saeed, 2014) 

¶ Mole B: it serves on both sides. The southern side which has 2 main berths (9 and 

10) including their blocks and the northern side which also has two main berths (6 

and 7) with their blocks. The length of the southern side is 890 m with a depth of 
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4ï12 m, the berths equipped with electric winches for Cargo Handling. The length 

of the northern side is 540 m with a depth of 12ï13 m, this side designed specifically 

for serving both container and RORO ships2. Moreover, it is equipped with a large 

concrete zone established specifically for storing the containers (Figure 7), two 

bridge cranes3 with a capacity of 40 tons, two cranes (Gantry) and a railway with a 

length of 850 m for storing and handling the containers. 

 

Figure 7:The large concrete container zone 

(Saeed, 2014) 

¶ Mole C: the length of this pier 660 m with a depth of (12-13) m and it is provided 

with an area for berthing of RORO ships and large ships, which can carry 60 

thousand tons. This area equipped with a railway for transportation (import-export 

and transit) different types of goods. There is also a freshwater network serving all 

berths in addition to a fresh water tank with a capacity of 200 tons.  

 

Figure 8: A picture showing the discharging of RORO ship  (Saeed, 2014) 

                                                           
2 Vessels designed to carry wheeled cargo, such as cars. 
3 A type of machine, generally equipped with a hoist rope, wire ropes or chains, can be used both 

to lift and lower materials and to move them horizontally 
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3. Research Methodology: 

The methodology procedure in this research involves two main phases (Figure 9). The 

first phase is the data collection and preparation which is divided into two steps 

regarding the way of how these data have been obtained: port or satellite database. The 

second phase is the data analysis and interpretation which includes three steps: First, the 

method of creating the port map followed by the way of extracting and analyzing the 

ships detections points, and finally, the way of importing them to the GIS environment. 

 

Figure 9:Flowchart of the research methodology. 

 

3.1 Methods for data collection & preparation 

The following paragraphs will introduce the methods used to collect data during the 

research presented within this thesis. 

3.1.1 Port Database 

3.1.1.1 General view 

The port is an area on land and water whether on the sea, ocean or river which serves 

through its equipped facilities as a transport station for the cargo ships to load and 

discharge their cargo (Barnes, 2013). 

One of the important sources which has been used for building this research was 

the ship movements database. These data records have been obtained directly from 

the official website page of Tartous port which represents the daily movements of 

Data collection 
& preparation

Port database 

Satellite data

Research 
Methodology

Data analysis & 
interpretation
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map

Analyzing the 
ships detections 

Importing ships 
detections 
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the vessels entering and leaving. It even provides data about the waiting ships inside 

or outside the port in the anchorage area. 

Every port around the world should record the movements of the ships once they 

enter the countryôs territorial water. This term refers to the breadth of the countryôs 

territorial sea that is established up to a limit not exceeding 12 nautical miles4 

measured from baselines (Figure 10). This extent is determined as every countryôs 

right according to Article (3) of UNCLOS5 (UNCLOS, 1958). 

 

Figure 10: world Maritime Zones  

Source: UNESCO (www.unesco.org) 

3.1.1.2 Vessel Traffic Services (VTS) 

Port data records mainly is gained depending on the daily reports of the port VTS 

center. This center is responsible for receiving the vessels reports whenever they 

reach the reporting point within the territorial water. These reports should be 

transmitted by ships on the public VTS channel using the VHF6 and contain the 

shipôs name, call sign, destination and intention and its draught7. Moreover, the 

center can also provide communication links between ships and other port services, 

such as pilotage or tug8 services (PRAETORIUS, 2014). 

                                                           
4 A unit used in measuring distances at sea, equal to 1,852 meters 
5 United Nations Convention on the Law of the Sea 
6 A transmitting and receiving device which works on the range of radio frequency electromagnetic 

waves (radio waves) from 30 to 300 megahertz (MHz). 
7 the distance between the surface of the water and the lowest point of the vessel 
8 is a type of vessel that maneuvers other vessels by pushing or pulling the ships either by direct 

contact or by means of a tow line for tugging or pulling vessels that cannot move by themselves 

http://www.unesco.org/
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In the light of the ship movements reports, these daily records have been collected 

from the official Tartous port website which covers the period between the 2nd of 

January 2018 to the 28th of December 2018. The collected data was in Arabic as it 

is the official language of the Syrian Arab Republic. Nevertheless, a translation for 

all the daily reports was done and the results were arranged in the ship movementsô 

database for the whole year. For example, the Table 1 below represent one of the 

original Arabic port reports for the ship movements in the date of 02/01/2018 with 

its translated version. The translations were done by me for all the collected data. 

 

 

Table 1. Port ship movements report for 02/01/2018 source:  

http://tartousport.gov.sy/ships_movement.php 
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3.1.1.3 AIS (Automatic Identification System) 

One of the main VTS center activities is to use AIS as one of the various sensors 

which support the process of the ships monitoring and keeping an awareness of any 

possible threats within the vicinity of the port. Accordingly, it is obvious that AIS 

is playing an important role in controlling and managing the traffic in the area 

(PRAETORIUS, 2014). 

The Automatic Identification System (AIS) is a worldwide automatic positioning 

system based on fitting a small device to the ships for receiving and continuously 

transmitting radio signals. These transmitted signals notify other ships and shore 

stations which have the AIS receivers about its presence and its accurate position 

(Figure 11). 

 

Figure 11:  AIS working principles.  

Source: (IMO, 2019) 

ñAIS was initially intended to assist ships in avoiding collisions, and the port and 

maritime authorities in monitoring traffic and ensuring better surveillance of the 

seaò (HERVE, 2012). This system allows vessels to be tracked but also to predict 

their movements, for instance, predicting the estimated time of arrival. One of the 

vital advantages of using this device that it provides precise data on the position of 

ships in real time renders. That makes it possible to maintain an efficient traffic 

monitoring to react more quickly in the event of an accident or danger. Moreover, 
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having accurate information on hazardous cargoes or, indeed, to improve 

surveillance of vessels and raise the level of safety. 

 

Figure 12: Marine traffic website, FINIKIA SHIP obtained information.  

source: www.marinetraffic.com 

One of the challenges that occurred during the process of collecting the port data 

was that these AIS data were not complete (i.e., ships' ID numbers, and positions). 

Although, Tartous port uses AIS and the missing data exists, such kind of 

information is not permitted to be provided for the users on the website. Therefore, 

the website ñMarine Trafficò was used to find this kind of information especially 

this website is an open free system to use which depends on AIS for providing its 

data (Figure 12). 

This website is a very good example of the dissemination of information. It provides 

data, partly free of charge and in real-time for the movement of ships for the 

required area (HERVE, 2012). 

Figure 12. shows an example of how the information of the ship can be extracted 

from the ñMarine Trafficò website. In this example FINIKIA ship was queried as 

one of the frequent vessels of transporting cargo from and to Tartous port. The 

website provided all the AIS information related to this ship. Moreover, it also 

represents the old sailing track for the ship between the last port to the targeted port. 

For that, this method was a useful and reliable method for filling the missing data. 

http://www.marinetraffic.com/
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3.1.2 Satellite data. 

3.1.2.1 General view  

Satellite data was the core of this study which has been extracted from the 

downloaded satellite images. These images were collected by using the Copernicus 

Open Access Hub which provides complete, free and open access user interface to 

Sentinel-1 and other satellite images (Figure 13). 

 

Figure 13: Copernicus Open Access Hub 

Copernicus Open Access Hub is the website for the Copernicus Earth observation 

program managed by the European Space Agency (ESA). ESA is an 

intergovernmental organization created in 1975 for the purpose of developing 

Europeôs space capability and ensuring the benefits of that space investment on the 

citizens of Europe and the world. ESA organizes the acquisition and delivery of 

Earth observation data from space with the successful launch of Sentinel-1A in 

2014 following by Sentinel-1B in 2016. The series of Sentinel satellites delivered a 

wide range of environmental and civil security data (ESA, Copernicus Open Access 

Hub , 2014). 

3.1.2.2 SAR Geometry 

Synthetic Aperture Radar (SAR) technology is an airborne or spaceborne side-

looking radar system that utilizes the flight path of the platform to simulate an 

extremely large antenna or aperture electronically and that generates high-

resolution remotely sensed imagery. 

Recently, SAR data is one of the most used remotely sensed data regarding that it 

can be applied in the different fields of study such as agriculture, flood mapping, 
















































































