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ABSTRACT

ARTICLE INFO

Maritime traffic has always played an important economic, strategic and transportation role for
a maritime country. Small vessels, considering total maritime traffic in the Adriatic Sea, play an
important role, although their numbers are often not considered as a potential security risk. Although
small vessel accidents do not have damage potential as the large ones, they still need to be regarded as
a significant risk to safety of navigation. The first part of this paper shows, thru analysis of SAR action
statistical data, that the total number of all accidents is dominated by accidents involving small vessels.
A particular problem in the maritime traffic monitoring is the fact that small vessels, because of their
characteristics, have a reduced detection probability by modern monitoring technologies and as such
can be used as a non-traditional security threat. With development of electronic and information
technologies, sensor systems, remote sensing and detection systems, as well as global satellite systems,
and the introduction of a legal requirement of AIS on board ships, maritime traffic control has become
easier, more organized and more reliable. Although application of these technologies has brought
some progress in maritime traffic monitoring, small and fast vessels that are not equipped with AIS
system can still be relatively unnoticed in all increasing maritime traffic. For this reason, a solution is
perceived in the integration of radar, satellite and electro-optical technologies. The conclusion of this
study represents one maritime traffic monitoring possibility that could be a step towards increasing
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the detection probability of small vessels.

1 Introduction

Maritime transport on the Adriatic Sea records con-
stant growth each year. Although traffic of ships larger
than 300 BT has a major role in a maritime traffic, from
the perspective of the Croatian part of the Adriatic Sea,
a higher security risk represent small and fast craft in
the context of non-traditional security threats. The legal
framework for small boats manages to keep that kind of
vessels under certain supervision, but in practice such
vessels make up the largest share of total accidents in
the Adriatic Sea. With the risk of unintentional impact on
safety at sea, small boats can also be potentially used as
a significant security threats. Small boats size and charac-
teristics make them especially unpleasant for vessel moni-
toring even with the use of modern technology. Therefore,
it is necessary to integrate existing technology with new
upcoming technology for the purpose of more qualitative
and comprehensive maritime traffic surveillance, control

and supervision, with the main aim to prevent maritime
accidents and minimize security threats.

The first part of this paper will focus on current situ-
ation in maritime traffic and undertaken SAR operations
in recent years with special emphasis on small boats. It
should be noted that overall situation presented in this
paper is applied to Croatia that is to the eastern coast of
the Adriatic Sea. Also the paper will discuss non-tradi-
tional threats and challenges that they bring in the mod-
ern maritime transport. The second part of this paper will
deal with the contemporary maritime traffic monitor-
ing systems and their integration for better small vessels
monitoring and detection capabilities. Short description
of working principle for each technology will be given and
also benefits of integration with upcoming technologies
will be explained. At the end of the paper a new proposal
for improvement of current methods in detecting small
boats will be summarized as a result of this research. The
focus of this paper will be on small vessels, which although
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are subject to the laws, rules and regulations of interna-
tional character, yet manage to pass unnoticed by contem-
porary maritime traffic monitoring system.

2 Marine traffic and SAR actions in Croatian
coast of the Adriatic Sea

The main maritime routes on the Adriatic Sea are
shown in figure 1 (traffic intensity is greater in the area
shown in red, while the smaller one in the green or blue),
and it is visible that bulk of traffic flows between ports on
both sides of the Adriatic Sea [7]. As we can see in figure
1 there is virtually no part on the Adriatic coast without
traffic on annual basis.

However, this view is obtained by using data from
ships equipped with AIS system (Automatic Identification
System). Mandatory use of AIS enabled relatively easy
identification of larger vessels, although it should be noted
that the AIS system is also susceptible to errors and even
hacking threats.

2.1 Marine traffic - statistical indicators

It is important to note that a significant portion of traf-
fic is not even shown here due to vast number of small ves-
sels that are not subject to mandatory AIS installation law.

Table 1 Ports traffic, incoming ships
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Figure 1 Maritime traffic density on Adriatic Sea, 2014

Source: [16]

Table 1 shows situation in maritime traffic by taking into
consideration incoming ships in sea ports in period 2004 -
2013. Although the share of foreign ships in total turnover
varies and is even in the tangible decline in recent years,
nevertheless important item is total number of incoming
ships which still shows a constant growth trend. Dominant
share in the total number of vessels/ships comprise ships
under domestic flag.

Total Domestic flags Foreign flags International traffic
Ships GT ‘000 Ships GT ‘000 Ships GT ‘000 Ships GT ‘000
2004 225212 212 282 219172 161583 6 040 50 698 6112 51459
2005 221960 233261 215671 179 426 6289 53 834 6 085 55097
2006 223967 247 560 217 636 192 887 6331 54 672 6276 53 885
2007 235489 267 140 229 005 204118 6 484 63021 6579 64 458
2008 248539 286 045 241184 214 343 7 355 70702 6742 70 287
2009 247 547 278948 240990 210 546 6557 68 401 6198 67 834
2010 235841 291421 229327 214753 6514 76 668 5691 74 515
2011 250918 296 023 245 266 217 128 5652 78 895 5105 76 279
2012 247571 287 782 242767 210 368 4804 77 413 4324 73473
2013 246939 299 885 242122 215476 4817 84 408 4072 79 114
Source: [13, p. 371]
Table 2 Waterway fleet in seawater and coastal transport
Passenger ships Cargo ships

Number Passenger seats kW Number GT ‘000. DWT ‘000 kW ‘000
2004 88 30028 163 710 71 1320 2208 418
2005 86 31124 204 182 69 1353 2276 422
2006 86 31116 208299 69 1425 2398 447
2007 91 34 730 223878 67 1502 2564 448
2008 88 34025 225324 68 1586 2740 466
2009 88 34261 218 437 64 1561 2707 449
2010 85 33568 211 065 68 1631 2845 458
2011 80 32498 201 297 67 1656 2862 491
2012 91 32 685 200539 64 1612 2791 482
2013 85 32416 198 477 46 1225 2143 371

Source: [13, p. 368]
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Number of ships under domestic flag in table 2 shows
that during this ten-year period, number of passenger
ships with almost negligible fluctuations has kept ap-
proximately the same capacity of passenger seats as well
as overall propulsion power. However the number of cargo
ships during the same period, with an emphasis on 2013
lost almost 40 % of their previous capacity.

Data shown here represent a clear increase in total
maritime traffic in the Adriatic Sea. Data shown here will
be complemented by the fact that Croatia has registered
72 floating objects, 4 fixed coastal objects, more than
2500 yachts and 118,000 boats. Also it is worth to men-
tion that in Croatian part of the Adriatic Sea there are
around 60,000 foreign recreational vessels each year. For
the purposes of this paper we will ignore information re-
lating to other vessel types, so that leaves us with still a big
number (118,000) of registered boats in Croatia. Most of
these boats sail only in coastal navigation, where maritime
transport is very intense especially in summer months,
and they definitely need a certain means of surveillance.

2.2 SAR actions on Croatian coast of the Adriatic Sea
in the period 1999 - 2015

Total number of ships in a specific time period that
arrives to the Adriatic Sea ports is visible from previ-
ous table. Presented numbers are by no means negligi-
ble, and also do not give the full scope of traffic situation
in the Adriatic Sea. In order to have clear situation about
total maritime traffic we have to take into account ships
in transit only as well as small boats that are not includ-
ed in the annual statistics, even though they play a major
role in overall traffic. We do not have official data for to-
tal number of small vessels in annual maritime traffic, but
we can assume that by taking into account overall traffic a
total count multiplies significantly. Although we are deal-

Table 3 Statistical indicators for SAR actions in the period 2008 - 2014

ing with really large quantity of ships and boats, number
itself is not as important as a fact that the consequence of
such intense traffic is increased possibility of unfortunate
events.

We will again highlight the importance that maritime
traffic surveillance and monitoring has for prevention of
unfortunate events at sea. Although statistics for all un-
dertaken SAR actions in Croatian coast of the Adriatic Sea
are presented here, we will try to focus on small vessels
and their representation in total number of undertaken
actions.

Data presented in table 3 apply to total number of ac-
tions taken for each year in the period. Types of action
from this data are not related to ships size, but are rather
described through the characteristics of individual SAR ac-
tion. We will filter obtained data to extract data which will
provide insight on the impact of small vessels (mentioned
here as the boats) on the overall situation in SAR actions.
From 2011 official statistics for undertaken SAR action
started to distinguish types of vessels as ships, boats and
other crafts. As we can notice in figure 2, small boats are
the most represented in total undertaken SAR actions.

If we compare the numbers from figure 2, relating to
total number of SAR actions and rescued vessels, it is evi-
dent that the largest number of SAR actions refers just to
small boats. The aforementioned number of registered
boats in Croatia (even though they are not all equally ac-
tive during year), needs to be increased for foreign boats
that operate during the summer months. From total
number of boats in the Adriatic Sea, the number of boats
that participate as subjects of accident in SAR actions, in
reality is not too large. Simple calculations show that it is
possible to conclude that considering the number of ves-
sels, the number of search and rescue actions is identi-
cal to the number of vessels. However, here we should be
careful because the table 4 shows “only” rescued vessels

Cause of action 2008 2009 2010 2011 2012 2013 2014
Grounding 32 59 43 59 51 42 60
Reduced maneuvering ability 81 88 105 85 78 60 59
Medical intervention 70 42 45 50 59 38 33
Sinking 6 20 15 10 17 11
Man over board 9 14 15 12 5 6
Collision 2 3 9 15 12 8 15
Impact * * 4 2 4
Flooding 1 10 8 13 14 11 7
Other (red rocket, assistance...) 37 25 90 34 71 79 44
Fire 8 8 8 9 7 12 8
Inclination/capsize 8 16 * * * * 7
Rescued crafts** 137 200 179 21/183/22 | 12/143/12 | 9/117/19 8/198/9
Rescued persons 585 957 944 876 825 646 774
Casualties (injured, dead, missing) 38/25/1 47/26/4 59/24/3 52/20/3 42/17/4 21/21/1 30/36/2
Total number of actions 278 335 310 341 365 283 342

Source: [11]

Note:* data not available; ** from 2011 data published separately for ships/small vessels (boats)/other crafts
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Table 4 Characteristics of radar targets for X band radar

Target height

(above sea level) Fluctuations

Target type Radar cross section ¢

Small boats, small fishing boats, small Big fluctuations hide boats up to 50 % of the time,

~5m? -

sailing boats 0.5-5m 05-1m slower motion reduces o

Inshore fishing vessels, sailing boats, ) . -

speed boats with radar reflector 3-10m 1-2m Rapid fluctuations

Small metal ships, fishing vessels, patrol 10 - 100 m? 2—4m Moderate fluctuations

vessels

Coasters and similar vessels 100 - 1000 m? 6-10m

Large coasters, bulk carriers, cargo ships 1000 - 10,000 m? 10-25m o highly dependent on aspect angle

and similar of individual vessel. Fluctuations are typically moderate.

Container carriers, tankers and similar 10,000 - 2,000,000 m? 15-40m
Buildings, cranes. Stacks of containers

) . - .
and other large structures t0 1,000,000 m Depends on site Insignificant fluctuations

Floating items, oil drums and similar to 1 m? 0-0,5m Rapidly fluctuating, highly dependent on sea
Birds, floating or flying Sea level and up characteristics and target movements

Bird flocks t0 3 m? Sea level and up Rapidly fluctuating, flight paths tend to be

characteristic of given species in given areas of interest

Jet-ski and other personal water craft to 0.5 m? 0-1m Rapidly fluctuating, independent of aspect angle

Fluctuations for towers are insignificant.
Wind turbines (onshore and offshore) to 1,000,000 m? Rotating parts give a wide spectrum of
Doppler shifts with ¢ up to hundreds of m?

Source: [6]
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which leaves room for a mistake, if we do not take into ac-
count number of vessels that are not rescued or have sunk.
From presented data, we cannot determine with certainty
the exact number of vessels in relation to the number of
SAR actions because it can also happen that in one SAR ac-
tion two or more boats participated as victims.

Goal of the surveillance and monitoring of maritime
traffic is certainly the introduction of a particular order
in daily maritime traffic, which has the effect of reducing
number of maritime accidents, primarily saving human
life, as well as vessels and cargo preservation and protec-
tion. Preservation of the marine environment and preven-
tion of coastline pollution is also very important factor for
improvement of current monitoring methods. Another im-
portant aim of maritime traffic surveillance is to prevent
the occurrence of illegal acts that could potentially turn
into a security threat.

2.3 Types of non-traditional threats and small boats

In order to understand the significance of the impact
of non-traditional security threats in the modern mari-
time traffic we need to clarify the basic concepts related
to the aforementioned threats. In the context of non-tra-
ditional security threats we will mention only the most
significant ones, even though all types of threats are not
equally presented in the Adriatic Sea. Types of non-tra-
ditional maritime threats can be divided as: human traf-
ficking, modern piracy, maritime terrorism, organized
crime at sea (trafficking of drugs, people, illegal weap-
ons, etc.), climate change, fish stock reduction and so on.
Threats listed here should be viewed in the context of the
potential impact they have on possible casualties, a sig-
nificant property damage, environment pollution, safety
of navigation, etc.

Small boats can be considered, according to most au-
thors, vessels with length of less than 20 m. When we are
talking about the small vessels in this paper we shall con-
sider them as vessels up to 20 m in length. Although shape
and structure of such vessels could be different; with cabin,
with no cabin, boat, fishing boat, etc, a common character-
istic of all these vessels are small dimensions, which makes
them especially difficult to detect in the modern maritime
traffic monitoring systems. Sometimes small dimensions
of the vessels are often combined with high speed which in
combination with unfavorable weather conditions makes
them extremely difficult to detect and track.

3 Small boats monitoring methods in the
maritime traffic

Growing volume of maritime traffic, coupled with the
constant increase in the number of vessels assumes exist-
ence of particular means of monitoring and surveillance of
traffic at sea. Thanks to development and implementation
of new technologies, maritime traffic monitoring methods
were raised to a higher level.

3.1 Radar systems and small crafts detection
problems

In maritime traffic monitoring radar is used as a mean
of detecting targets at sea. Given that a receiving reflect-
ed signal (Signal, S) used for target detection depends on
level of noise (Noise, N) on the same frequency, radar will
detect target within its range if the return signal from tar-
get is larger than the signal of interference and if the radar
system it is for this S/N ratio sensitive enough [3, p. 48].
For the S/N ratio is valid:

S/N = DT; DT = 10 log(S/N) [dB] (1)

where we have:
DT = detection threshold
S/N = signal to noise ratio

It is valid that for DT = 0 dB longest detection range
R =R__ will be acquired. Received signal power density
Scan be expressed by [3, pp. 51-52]:

s = P92 14w (2)

(4n)3R*

where parameters are defined as:
P = peak radar power at antenna [W]
G,= G = antenna gain [dB]
R =range [m]
o =radar cross section [m?]
A =wavelength [m]

After logarithmic operation of equation (2) due to dB
conversion, equation now has a form as:

S=SL+2DI - 2TL +TS (3)

with parameters as follows:
SL = source level which is P,
DI = directivity index which is G, and G,
TL = transmission loss
TS = target strength which is o

Total noise density N depends on antenna noise tem-
perature ie., total receiver input noise NL at standard
temperature T,= 290 °K will be expressed as [3, p. 58]:

NL,=10logk T,B,F, [dBm] (4)

where we have:
k = Boltzmann constant []/ 2K]
T, = antenna temperature [?K]

B =noise bandwidth [Hz]
F =noise factor

n

From aforementioned equations DT can be defined as:
(S/N) 0 =S (dBm) - NL,(dBm) = DT = SNR (5)

Radar equation can be further developed through (2),
(4) and (5) respectively also with parameter R, which ex-
presses radar free space propagation range as:

Roo = { PtG2aA? }%
52 = KT A(47)3 By F SNEmpd) . M (6)
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If we introduce radar factor F in radar equation and
perform conversion in nautical miles for maritime radar
purposes, radar equation gains its final form as:

kKnMFROA

Rpgp =[S [NM] 7)

where:

Rfsp =radar free space propagation range [NM]

k., = 1/[(4m)3 - 18,524] = 5.72 - 10" - nautical mile
conversion coefficient

F, =radar factor

o = radar cross section [m?]

A = wavelength at X and S frequency band [m]

SNR . = detection threshold, signal to noise ratio - at
which reliable target detection occurs.

Previous formula indicates a range of maritime radar
and parameters that have an impact on this range. Except
for the distance from the transmitter, target detection also
depends on the surface of radar cross section o. We can
say that successful target detection depends on follow-
ing physical properties of vessels: target height above sea
surface, size and shape of target, radar cross section and
speed of moving target. Since X band radar is primary de-
tection system used in maritime traffic table 3 shows char-
acteristics of target regarding radar cross sections and
target height above sea level.

Commercial vessels represented in maritime transport
are not built with the purpose of hiding them from radar
detection. Still, small boats despite their relatively small
probability of detection in certain conditions at sea, can
pose a security threat, especially if masking techniques for
decreasing radar cross section are used.

3.2 Electro - optical systems and small crafts detection
problems

Application of electro-optical (EOS) technology is an-
other important aspect of modern maritime traffic super-
vision and monitoring, which is especially important for
monitoring of ships entering the port, in narrow channels
and river waterways. Optical technology in marine envi-
ronment in context of surveillance and maritime traffic
monitoring is mostly used through CCTV systems, infra-
red and laser camera application for day and night ob-
servation. EOS technology can be a primary or secondary
source for maritime traffic monitoring, whose priority will
be determined by the area in which it is applied, integra-
tion with other monitoring technology, traffic density in
a certain area, etc. Complexity of applied EOS technology
may vary depending on options that may be implemented
that is, it may serve as a support for simple video record-
ing of a specified area or to performing complex analysis
of captured images, creating prerequisites for reliable
decision-making. However, in order to successfully meet
the modern requirements for surveillance and monitoring
of maritime traffic, EOS systems must be able to detect an

object at sea, then to recognize it according to algorithm,
classify vessel (specify the type of the ship -ferry, tanker,
RO-RO, etc.) and finally, to identify it by name or MMSI
number.

Appearance of observed objects depends on param-
eters such as: distance, lighting or color, viewing angle,
and shape and size of the object. Each of these parameters
is subject to change in real time. To be able to detect and
identify the object on the video image it is necessary to ap-
ply certain video image (figure 3) analyzing and process-
ing methods [15]. Given the complexity of the processing
and analysis of video images we will not go into the details
of the process itself but rather we will only briefly enu-
merate certain methods that are used within EOS systems.
Manipulation methods for video images in EOS technology
are divided according to properties, processing, and gen-
eral characteristics; here we will list just a few of the most
important:

— Edge detection - as in each image there is a disconti-
nuity or difference of pixel illumination, it is possible
to outline boundaries of certain objects at the edges of
these differences in light intensity, and in this way to
determine the edges of the object on image. In this way
it is possible to isolate object which we want to analyze
and reduce the processing of entire image on only one
image part which in turn reduces the amount of data
needed for processing.

— Blob detection - idea behind this approach consists in
the fact that there are areas on image that have common
properties (for example, color, intensity, etc.) which is
different in relation to the environment in which they
are located. These areas are further processed and can
be used to detect presence of objects on image.

— Pattern recognition - this method compares a specified
object from video image in different perspectives, the in-
tensity of the brightness, contrast, etc. with the currently
available image. A prerequisite for a successful detection
of object in image is a data base as large as possible of
the same object with different characteristics.

— Optical flow - by measuring the flow rate of object be-
tween individual frames you estimated the speed of the
object on image. Here is valid that shapes that move
at a certain speed closer to the camera show a greater
amount of motion in relation to the objects away from
the cameras, even though both are moving at the same
speed.

When using EOS technologies special attention needs
to be observed for necessary infrastructure for transfer of
large quantities of data. In the context of the small vessels
the EOS technology has a particular advantage in front of
radar technology, especially when it comes to the super-
vision of the restricted areas, such as ports, channels, or
waterways. If we want to devise a more advanced system
of supervision and monitoring of maritime traffic, which
apart from the traffic monitoring will be able to do a spe-
cific analysis and processing of captured images it is nec-
essary to implement high definition EOS system as seen in
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Source: [15]

figure 3. A major role in larger area monitoring plays cam-
era resolution, however the development of the EOS tech-
nologies and improvement of the resolution of the camera
in the near future will allow covering vast maritime areas.

3.3 Satellite technology - technology integration

Step towards the improvement of maritime traffic su-
pervision and monitoring is manifested through use of
satellite technology, in particular SAR (Synthetic Aperture
Radar) technology. It is radar technology, situated on or-
bital satellite that is constantly circling the Earth at an al-
titude of 700 to 800 km. Operation principle of radar is no
different than classical radar where electromagnetic puls-
es are transmitted by 300 GHz up to 300 MHz frequency
and strength of reflected signal is measured as seen on
figure 4. Essential difference compared to classic radar is
in context of radar image processing, which, in this case
may be a 2 or 3-dimensional thus giving a clearer insight
into current situation on the sea. Advantage of SAR radar
is emphasized in fact that a radar signal is not dependent
on weather conditions or direct sunlight and is suitable for
use in almost all meteorological conditions. Application of
this system is associated with a project of the European
Agency for the protection of the sea EMSA, which wanted
to strengthen the surveillance over the sea with goal to
prevent oil spilling.

4. SAR radar measures

SAR RADAR energy reflected to source

&
1. EM wave emitted
to Earth

3. surface phyisical
properties determines energy
amount reflected back to
radiation source

2. EM wave hits surface and
reflects energy in all directions

Figure 4 SAR radar operating principle

Source: [2]

The satellite technology i.e. SAR radar technology has
existed for a number of years, however, its use in mari-
time traffic surveillance and monitoring has just began in
the past few years [9, 10]. As a relatively new system for
use in surveillance and monitoring of ships, this technol-
ogy has its drawbacks, as it cannot determine azimuth of
object, inability to deliver actual data about the objects
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shape in most situations, impossibility of identifying ves-
sels that are smaller than 15 m. The biggest disadvantage
of this technology is still inadequate detection probability
of smaller vessels as well as errors that occur in the form
of false detections arising due to disturbances at observed
image, as seen of figure 5.

Integration of satellite-based radar technology with the
AIS system, classic radar system or EOS technology can
improve mentioned deficiencies. Regardless of aforemen-
tioned shortcomings, this technology will find its applica-
tion in future maritime traffic monitoring and surveillance
systems.

3.4 Technology integration as a mean for small crafts
detection

By reviewing existing technologies it is evident that
each of these technologies has certain advantages and dis-
advantages. Also the probability of detecting small vessels
with these technologies varies according to external pa-
rameters, such as weather conditions, sea state, density of
traffic, distance of the object, shape of the object and oth-
ers. The logical solution to improve maritime traffic moni-
toring and safety of navigation is in integration of existing
technologies in functional unit.

One such example of technology integration will be dis-
played here in figure 6. We will assume that the vessel in
example is not equipped with the AIS system and it could
not be immediately identified, also a vessel is located in
the range zone of radar signal.

In one monitored area surveillance is done primarily
with X band radar system and backed up with SAR system.
Each of these systems has a range greater than the EOS
system and that range in turn depends on external factors.
At a certain point the radar detects the object which still is
not detectable for the camera. Radar determines the azi-
muth and distance of an object and therefore it is possible
to track position of detected object. VTS System calculates
objects position as geographical coordinates (A and @),
making it possible to be forwarded to the EOS System.

The secondary surveillance system is EOS surveillance
camera that has a fixed position and the possibility of de-
tecting the movement of the target in the video image.
When a particular camera resolution is set, for this reso-
lution all geographical coordinates in the supervised area
are well known. The EOS system and X band radar are in-
terconnected and based on the coordinates that VTS sends
to the camera, camera zooms area and detects target pro-
viding a more detailed image of object allowing reliable
identification.

4 Conclusion

Small boats traffic presents significant share of total
maritime traffic in the Adriatic Sea. Also the biggest part
of all undertaken SAR actions are small boats rescue op-
erations and as shown this is a big problem that poses a
significant threat to the maritime traffic safety on Croatian

coast of the Adriatic Sea. Although in last few years there
was seen development of AIS system, VTS service for
control and monitoring of maritime traffic, EOS and ra-
dar surveillance technology introduction, the problem
of monitoring and surveillance of small boats traffic is
not completely solved. Proposal shown in this paper
is concerned with technology integration which is still
to be developed and put to practical solution. Most im-
provements are expected to be developed in EOS systems
which will be integral part of many future vessel moni-
toring solutions. To determine the actual usefulness of
this kind of technology integration and calculate increase
of object detection probability at sea it is necessary to
conduct further research, especially in EOS applications.
This paper has proposed concept for further develop-
ment of maritime monitoring system and can be regard-
ed as one step closer in achieving that goal.
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