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ABSTRACT

In the paper reliability structure of the Vessel Traffic Services Gulf of Gdansk system is described. Four
different functional subsystems are distinguished. Some definitions of the different kinds of structures

are also presented

KEYWORDS: traffic monitoring systems, systems reliability, vessel traffic services at sea,

reliability structure

1. Introduction

Growing traffic at the sea, particularly in the vicinity of
large ports caused necessity to organize this traffic. Inter-
national Maritime Organization (IMO) in 1997 adopted a
new regulation to International Convention on Safety of
Life at Sea (SOLAS). Resolution No A.857 (20) introduced
principles and general operational provisions for the ope-
ration of a Vessel Traffic Service (VTS) and vessels partici-
pating in it [4]. The purpose of vessel traffic services is to
improve the safety and efficiency of navigation, safety of
life at sea and the protection of the marine environment
and/or the adjacent shore area, from possible adverse
effects of maritime traffic. According to the resolution
mentioned above the Vessel Traffic Services “VTS Gulf of
Gdansk” has been established on May 1, 2003, providing
for participating vessels a range of services and mainta-
ining control on maritime safety within VTS Area of re-
sponsibility. To fulfill its tasks and ensure surveillance of
whole VTS Area few different devices are used. There are
5 shore based maritime radars, 3 Automatic Identification
System (AIS) devices and additionally 2 radio direction
finders (RDF). Essential data processing is done by set of

servers in the VTS Center in Port of Gdynia. All data are
eventually visualized and presented on three operators’
consoles. Because of its functions the system should be
very reliable. In order to calculate reliability of the system
we have to determine its reliability structure. In the paper
there is proposed possible approach to determine and cal-
culate VTS Gulf of Gdansk system’s reliability.

2, Systems’ definitions
We assume that [1,2]
E,i=12,..n neN, (1)

are two-state components of the system having relia-
bility functions

RiN=PT:>n, te(—mmx),i=1L2,..n 2
where T;, i = 1,2,...,n, are independent random varia-

bles representing the lifetimes of components E; with di-
stribution functions



Fig.1.The scheme of a series system
Fin=PT, 21, fe(—w,x),i=12...n (3)

Definition 1. A two-state system is called series if its
lifetime T is given by

I'= min{T’} (4)
T
The above definition means that the series system is
not failed if and only if all its components are not failed,
and therefore its reliability function is given by

a
%>0, 2q,=1 (5)
i
Definition 2. A two-state series system is called non-
homogeneous if it is composed of a, 1 < a < n, different
types of components and the fraction of the ith type com-
ponent in the system is equal to q;, where ¢ >0, iq, =]
Moreover -

RN =1=-F"(1), t e(—e0,=), i=12,...,a,(6)

is the reliability function of the i-th type component.

The scheme of a non-homogeneous series system is
given in Figure 2.

It is easy to show that the reliability function of the
non-homogeneous two-state series system is given by

a
R, (0=T(R ()" .t €(~0,2) ()
im]
A two-state system is called an “m out of n” system if
its lifetime T is given by
m=1,2,.,n,
where, is the mth maximal order statistic in the sequ-
ence of component lifetimes ,,...,.

The above definition means that the two-state “m out
of n” system is not failed if and only if at least m out of its n
components are not failed. The two-state “m out of n” sys-
tem becomes a parallel system if m = 1, whereas it beco-
mes a series system if m = n. The reliability function of the
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Fig.2.The scheme of a non-homogeneous series system

two-state “m out of n” system is given either by

P>
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or by
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Definition 3. A two-state “m out of n” system is cal-
led non-homogeneous if it is composed of a, 1 < a < n,
different types of components and the fraction of the
ith tvpe component in the system is equal to qi, where
g =0, qu = Moreover

il
RN =1=-F"Nn), 1 e (=w,m), i=12,..a, (6

«

The non-homogeneous m
out of n” system is given in Figure 3, where
B by ennd, €fL2onf and 4, 20, fOor j2 k

The reliability function of the non-homogeneous two-

scheme of a

state “m out of n” system is given either by
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where M =n-m

3. Reliability structure of the
VTS subsystems

VTS Gulf of Gdansk system can be divided into few
separate subsystems which allow for surveillance and data
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Fig.3.The scheme of non-homogenous “m out of n” system



processing. We can distinguish radars subsystem, AIS sub-
system, auxiliary (supporting) RDF subsystem and data
processing and visualization subsystem. Reliability struc-
tures of those subsystems can be described separately.

3.1. Radars subsystem

Radars subsystem is composed of five shore- based
maritime radars which are positioned around Gulf of
Gdansk coastline (fig. 4) [3]. Two of the radars are esta-
blished on the Harbor Masters buildings in Gdynia and
Gdansk. Three others are on the Lighthouse Hel, Lightho-
use Krynica Morska and on radar tower Goérki Zachodnie.
Radars have similar structure, but to assure data trans-
fer from three latter radars they are equipped additionally
with microwave radio data transmitter. Considering sha-
pe of Gulf of Gdansk and also concentration of ships traf-
fic we assuming that Hel radar is extremely important. It is
the only one which allow for observation of the area north
to the Hel Peninsula which is crossed by predominate
number of the ships sailing to and from ports of Gdynia
and Gdansk. Other four radars assure very good simul-
taneous coverage in the approaches to ports and on the
Traffic Separations Schemes areas. Because of radars ran-
ges three of those four provide coverage good enough for
the proper work of the system. Taking into account above

facts reliability structure of the radars subsystem can be
describe as combination of non-homogenous “3 out of 4”
system and a series system (fig. 5). Using equation (7) and
than equation (3) we can calculate reliability of the radars
subsystem [1].

3.2, AIS subsystem

Automatic Identification System (AIS) is a broad-
cast communications system, operating in the VHF ma-
ritime band, that is capable of sending ship information,
such as identification, position, course, speed, ship di-
mensions, draught, ship type, and cargo information, to
other ships and to shore. AIS is a mandatory equipment
for most ships [SOLAS] and is used by Vessel Traffic Servi-
ces to monitor movement of ships in the Gulf of Gdansk.
There are three land based AIS devices (receivers) positio-
ned on the lighthouses in Rozewie, Hel and Krynica Mor-
ska. Information from AIS receivers are transmitted to the
VTS center by using of radio microwave links or by light
fiber (from Rozewie) which are series connected with the
receivers. Each two receivers guarantee receiving of infor-
mation from ships in the VTS area. Thank to that we can
define reliability structure of the AIS subsystem as a “2 out
of 3” system (fig. 6) and calculate its reliability according
to equation (7) or (8).

\ '\

I 54" S0°N

T T

54° 40'H




RADAR
PORT GDYHIA

FADAR
PORT GDANSE

—  FaDaR HEL —

FADAR
GORKI ZACHODNIE

FaDAR
ERTNICA MORSEA

Fig.5.Reliability structure of radars subsystem

3.3. Radio direction finders subsystem

Radio Direction Finder (RDF) is a radio receiver and
directional antenna system used to determine the direc-
tion of the source of a signal. In order to obtain position of
a ship at least two RDF devices are necessary. RDF is used
in VTS systems as a auxiliary component which allows for
confirmation of ships’ position.

VTS Gulf of Gdansk system uses 2 RDF devices.
They are positioned on the lighthouses in Hel and
Krynica Morska. It means that subsystem is working
if and only if both of the RDFs are working properly.
Data from RDFs are transmitted via microwave links.
From the reliability point of view subsystem has a series
structure (fig. 7) and its reliability can be calculated by
using equation (3).

3.4. Data processing and visualization
subsystem

Information Processing System (IPS) consist several
computer servers which collect data coming from obse-
rvation subsystems and prepare them to visualization on
operators’ consoles. There are three such consoles in the
VTS centre in Gdynia. At least one of them should work
to assure good and continuous work of the whole VTS sys-
tem. It means that they form a “1 out of 3” reliability struc-
ture and they are series connected with Information Pro-
cessing System (fig. 8). Reliability of that subsystem can be
calculated by using equations (7) and (3).
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Fig.7.Reliability structure of RDFs subsystem
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Fig.6.Scheme of AlS subsystem reliability structure

4.VTS GULF of Gdansk
reliability structure

After calculating of reliability of each subsystem se-
parately next we will be able to calculate reliability of the
VTS system, but only if we describe its reliability structu-
re. In order to assure proper work of the system three of
its four subsystems have to be operational i.e. radars, AIS
and data processing subsystems must not be out of servi-
ce. If one of them fail whole system should be consider as
inoperative. It means that VTS system has series reliability
structure. Radio Direction Finders subsystem as an auxi-
liary part of the VTS doesn’t have to be built-in the reliabi-
lity scheme and can be treat independently (fig. 9).

According to equation (3) we obtain

Ry =Ry "R, Ry 9)

where

Ry - reliability of radar subsystem,

R, - reliability of AIS subsystem,

R; - reliability of the information processing and visu-
alization subsystem.
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Fig.8.Reliability structure of data processing and
visualization subsystem
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