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RESEARCH ARTICLE

A Marine Gis-based Alert System to Prevent Vessels
Collision with Offshore Platforms

Sheng-Long Kao a,b, Ki-Yin Chang a,b,*, Tai-Wen Hsu a,b

a Intelligent Maritime Research Center, National Taiwan Ocean University, Taiwan
b Center of Excellence for the Ocean Engineering, National Taiwan Ocean University, Taiwan

Abstract

How to effectively use an intelligent aid-to-navigation (AtoN) to prevent ships from accidently colliding with offshore
marine platforms (OMPs) is an important issue for maritime environment. This study proposes a novel collision alert
system with three components to process Automatic Identification System (AIS) data in the cloud and broadcast AtoNs to
ships in order to avoid collision with OMPs. The first component receives as input fuzzy linguistic variables (vessel size,
relative speed, and approach distance) from the AIS data and calculates the radius of the guarding ring. The second
component serves a Marine GIS (MGIS), where the system simulates the alert based on a fuzzy guarding ring at one of
three levels: green (continuous light), amber (slow flash and alarm), and red (flash and fast alarm). The third component
is a warning indicator device, signaling the risk of collision between moving ships and offshore platforms. The MGIS
component can also be used on an OMP to alert approaching ships and to warn offshore platform workers and vessel
traffic service (VTS) on-duty operators. The ability of the proposed system to protect OMPs from vessel collisions has
been verified. Other potential applications include offshore wind turbines, oil rigs, or other working platforms.

Keywords: Virtual AtoN, Marine platform, Automatic identification system (AIS), Marine geographic information system
(marine GIS)

1. Introduction

T raditional aid-to-navigation (AtoN) facilities
include lighthouses, lightships, beacons,

buoys, waterways, traffic separation schemes (TSS),
shore navigational aids, and other warning facilities
used to enhance safety by providing more opportu-
nities to obtain lines of position [7]. Based on their
navigational purposes, virtual AtoNs can be divided
in two types: (1) maritime assisted navigation and (2)
maritime hazardous obstacle facilities. These AtoNs
improve navigation safety by displaying the posi-
tions of hazardous obstacles. Hazardous maritime
facilities include offshore wind turbines, work plat-
forms (such as oil rig platforms, gas drilling plat-
forms, and subsea maintenance platforms), and
drifting ships. Hazardous obstacle warning facilities
are needed because ships and offshore work

platforms may be unaware of a dangerous situation
and be at risk of collision due to a lack of sound/light
alarm devices for collision avoidance alerts. Those
dealing with hazardous obstacle facilities (such as
the newest wreck, not marked on the Electric
Nautical Chart) must rely on confirmation from
electronic navigation instrumentation and the crew's
clear judgment. An AtoN is the most important
navigational guide when navigating at night. In fact,
most ship incidents are caused by unfamiliarity with
the local navigation environment and navigational
aids. Ship collisions or shipwrecks are often caused
by merchant navigators' lack of attention to hazard-
ous obstacle facilities.
In recent years, offshore wind turbines have been

located in deeper waters and also in the vicinities of
traffic lanes. Therefore, ship collision represents a
major concern [2]. However, several vessel accidents
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have occurred as a result of the auto-pilot causing a
collision with an offshore wind turbine [4]. Many
researchers have studied collision risk and assessed
the consequences of collisions between sea vessels
and offshore wind farms [1,10,13,15,16]. The occur-
rence of such incidents can be substantially
decreased by proposed virtual navigation aids
reliant on a GIS-based system. Some researchers
also used AIS data or developed the idea of
employing multipliers to study the Safety Assess-
ment Model for Shipping and Offshore on the North
Sea (SAMSON model) [9,14].
In this study, the collision alert distance of marine

platforms depends on sea and ship conditions. In
the case of fog or rough water, visibility can be
drastically reduced, and a collision event may occur
[2]. The safety distance for collision alerts should be
increased due to visibility being decreased. There-
fore, this study refers to the well-known fuzzy
logical theory of Zadeh [20] and Buckley [3]. In
previous work, three fuzzy membership functions
used the length and velocities of merchant ships, as
well as sea conditions, to establish the radius of the
guarding circle Rre* (1 þ D), where Rre is the safety
radius for the ship domain, as defined by Goodwin
[5], and is 0.9 nautical miles (N.M). D is the output
value by fuzzy inference for a fuzzy guarding ring of
merchant ships [8]. The guarding radius will be
displayed on the MGIS platform. In this research,
fuzzy logic theory is applied to collision alert dis-
tances and situations by three linguistic variables,
vessel size, relative speed, and approach distance, to
provide the first component of marine GIS.
In the application device, AIS Class B data were

used to establish a fuzzy virtual navigationeaided
system to provide warnings for collision avoidance
and safety between moving ships, offshore plat-
forms, and obstruction facilities. The AIS data were
used to establish a fuzzy virtual AtoN system to
provide warning signals for collision alerts when
ships travel along a coastline near hazardous
obstacle facilities. If an offshore marine platform is
at risk of ship collision, it is necessary to propose a
safety plan with a collision avoidance warning to
avoid an accident. In this first component of GIS-
based alert systems, the dynamic and static data
from AIS transceivers are processed and calculated
by an FLC to obtain the collision risk index and then
converted into a look-up table to provide nearby
ships and marine platforms with a warning alert.
For vessels equipped with AIS, a shore station re-
ceives AIS data processed by MGIS. The alert level
index is transmitted in virtual AtoN form [19] to the
vessel traffic service (VTS) or the ship's Electronic
Chart Display and Information System (ECDIS) for

collision avoidance. Automatic warnings about
navigational aids and hazard avoidance facilities
with the proposed acousto-optic flash warning
mechanism were shown to enhance maritime traffic
safety. This proposed new warning indicator mode
based on a GIS includes three levels of risk, green
(continuous), amber (slow flash and slow alarm),
and red (fast flash and treble alarm) lights, to warn
moving ships and offshore platforms. According to
experimental results, relevant information based on
a GIS can facilitate virtual aids to navigation and
automatic alerts for collision avoidance.

2. AIS/VAtoN/MGIS integrated system

Recently, the IALA (International Association of
Lighthouse Authorities) has extended the concept of
AIS in developing Virtual Aids to Navigation
(VAtoN). IALA defines a Virtual Aid to Navigation
as follows: “A virtual aid to navigation does not
physically exist but is a digital information object
promulgated by an authorized service provider that
can be presented on navigational systems” [19].
Various types of AtoN are provided by IALA and
can be utilized by flag state authorities according to
the need for actual AtoN units to transmit data to
relevant shore stations: (1) a real (physical) AtoN is a
special AIS transponder physically installed on an
AtoN; (2) a synthetic AIS AtoN is implemented in
cases where AtoN equipment cannot be installed
with an AIS unit; and (3) a virtual AtoN, as defined
by IALA guideline 1081 on Virtual Aids to Naviga-
tion, does not physically exist but is instead a digital
information object promulgated by an authorized
service provider that can be presented on naviga-
tional systems. Simply stated, the IALA draft
guidelines on Virtual Aids to Navigation show that a
virtual AtoN is a virtual navigational aid that nor-
mally communicates by VHF in an AIS message
[6,18]. Navigation-related symbols have been
approved and adopted by IMO. It can be displayed
on ECDIS or radar displays that support AIS mes-
sage type 21 [7].
Geographic information can be assembled into

meaningful data through the analysis functions and
simulation processes provided by the software. The
resulting data can be used for planning by policy-
makers [11,12]. It is possible to apply the concept of
geographic information systems to the analysis and
expression of relevant information concerning the
oceans. This study combined fuzzy logic control
theory (FLC) and MGIS for ship collision alerts to
develop a Spatial Decision Support System (SDSS)
at sea. This is referred to as the Fuzzy Marine
Geographic Information Systems (FMGIS).
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The FMGIS created by this study employs the
tools of collection, management, analysis, simula-
tion, expression, fuzzy algorithm, and prediction to
integrate a variety of relevant spatial information.
The various marine databases and tools are applied
to simplify the appearance of the marine world.
After the information is collected and treated, it is
analyzed and can then assist in spatial decision-
making for collision alerts.
In this research simulation, the site marked by the

cross symbol “＋” is the AIS transmitting shore base
station, and the green-right and red-left virtual
AtoNs (buoys) are shown in Fig. 1. These virtual
AtoNs represent the TSS by VTS broadcast. In the
application device, a shore base station (VTS with
marine GIS) is combined with the MGIS and AIS.
This station will receive all information from vessels
installed with shipborne AIS and simultaneously
broadcast AIS message 21 to the surveillance area.
All these vessels are able to acknowledge the virtual
AtoN symbols. Based on this mechanism, these
virtual symbols can represent the marine platforms
on each vessel's ECDIS. The configuration of a vir-
tual AtoN system is shown in Fig. 2.
In the future, theAIS andMGIS could be combined

to provide land VTS via an AIS broadcasting system
that uses virtual AIS. Therefore, virtual maritime
traffic control lights, waterways, and aids to naviga-
tion will be displayable on a ship's nautical electronic
chart and VTS stations. When this system builds up
virtual aids to navigation, hazardous obstacle

facilities, and virtual radio navigation aids through
virtual AIS, it will be able to replace the physical
navigational aid facilities. Because virtual AISs have
fewer carbon emissions, low maintenance costs, and
real-time scheduling capabilities, the system will not
need to install any navigational aids, and will show
the AIS information on the ECDIS at VTS.

3. Model of fuzzy collision alert system

The proposed alert system for the AIS/VAtoN/
MGIS is based on the concept of a danger index and
fuzzy guarding radius calculated by the first
component of the GIS. The calculated danger (alert)
index [0, 10], described as the level of danger crite-
rion, enables the GIS-based alert system to make a
proper decision for collision alerts [8]. In the pro-
posed method, the size of the guarding radius is
determined by the fuzzy logic method and the
danger index for vessel collision is cloud processing
for the first component. The details of these con-
cepts are described below.

3.1. Model of fuzzy guarding radius for three alert
stages

The first priority of a navigational ship is collision
avoidance at sea, but weather conditions are difficult
to predict and rough seas and other bad weather
conditions can make relative speed, sea state, visi-
bility, ship maneuvering, or relative distance

Fig. 1. Virtual buoys (AtoNs) presented on MGIS.
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become “ambiguous” for different captains. There-
fore, fuzzy logic is very suitable for OMP collision
alert systems. The FLC method and fuzzy rules are
used to determine the different guard circle radii. In
bad weather with poor visibility and rough seas, the
Fuzzy Guarding Radius (FGR)/Ship Domain (SD)
will be larger [17]. In good weather with high visi-
bility and a calm sea, the FGR/SD radius will be
smaller [8].
Fuzzy logic control can be used based on given

input values, and many influences can be elimi-
nated. These influences can arise from human per-
ceptions or uncertainties due to environmental
conditions. A fuzzy system can contain four prin-
cipal elements, including fuzzification, a fuzzy rule
base, a fuzzy inference engine, and defuzzification.
In order to solve most real-world fuzzy phenom-

ena, fuzzy theory was developed from the founda-
tion of fuzzy sets. It is mainly used to express fuzzy
concepts that cannot be precisely defined, particu-
larly when there is a better expression to describe
the peculiar fuzzy characteristics of human lan-
guage. The focal point of fuzzy theory is a mathe-
matical model for a fuzzy concept that cannot be
defined by humans. The characteristics of fuzzy
things treated by humans, which describe human
experience and knowledge, are then drawn in order

to be used by computers [20]. Generally, fuzzy logic
is employed to design a fuzzy control system
through the concept of fuzzy theory. The basic
structure of a fuzzy control system is shown in Fig. 3,
and includes four major parts:

(1) Fuzzifier: As external language is expressed in
fuzzy concepts, its meaning is transformed into
proper language by the fuzzifier created from
the membership function in order to be used for
the fuzzy operation.

(2) Fuzzy Rule Base: A set of linguistic expressions
mainly used to express the control rules,
composed of logical operators (if …, and …, then
…). These descriptive rules provide four major
ways to express the experience, knowledge, and
control strategy:

a. Through the knowledge and experience of
an expert.

b. According to the control behavior of an
operator.

c. According to the characteristics of a control
system.

d. Through self-learning.
(3) Fuzzy Inference Engine: The fuzzy inference

engine is the core of the fuzzy system. It simu-
lates the thought processes of humans through

Fig. 2. Virtual AtoN system configuration.
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an approximation inference for the purpose of
problem solving. A fuzzy inference is the infer-
ence result generated in accordance with the
fuzzy rules. Thus, it is inferred from fuzzy Rule 1,
Rule 2, Rule 3, …, Rule n. The process of fuzzy
inference can be understood from Fig. 4.

(4) Defuzzifier: The fuzzy inference of the defuzzifier
is used to transform fuzzy information into clear
information. The main purpose of the defuzzifier
is to convert the inference result into a real oper-
ation in order to provide a clear output value.
There are no definitive defuzzifier methods; the
choice depends on the characteristics of the
problem. Normally, there are three defuzzifier
methods: the Centre of Area (COA), Centre
Average Defuzzifier, and Maximum Defuzzifier.

This study utilizes the Centre of Area (COA) for
the following calculation (equation (1)):

y0¼
Pm
i¼1

yimc

�
yi
�

Pm
i¼1

mc

�
yi
� ð1Þ

In equation (1), m represents the number of
quantization outputs, yi represents the ith value,
mc( yi) represents the yi value in fuzzy set c, and y0
represents the fuzzy output value.
Taking safety into consideration, three linguistic

variables are used as inputs: ship length, relative
ship speed, and distance. For ship length and rela-
tive ship speed, trigonometry can present the lin-
guistic variables. The output is a trigonometric
function of linguistic variables for the danger alert
index (DAI), as shown in Fig. 5.

Each linguistic variable is defined as follows:

(1) Length (L)

Length has three membership functions: small,
medium, and large. It is configured by referencing
AIS ship length information. The three functions are
defined as follows, and the linguistic set is shown in
Table 1.

msmallðxÞ¼
8<
:

1 for x� 130

190� x
60

for 130� x� 190

9=
; ð2Þ

mmediumðxÞ¼

8>><
>>:

x� 130
60

for 130� x� 190

250� x
60

for 190� x� 250

9>>=
>>;

ð3Þ

mlargeðxÞ¼
8<
:

x� 190
60

for 190� x� 250

1 for 250� x

9=
; ð4Þ

(2) Relative Speed (RS)

In order to establish the relative speed relation-
ship between two ships, this study utilizes the AIS to
receive dynamic and static information from each
ship. According to a study of 400 ships in Kinmen
Harbor, the average speed of each ship is calculated
statistically using the overall average ship speed,
which depends on sea state and weather conditions.
The study found that the average speed of merchant
ships is 10.7 knots, and the standard deviation is 2.2
knots. These linguistic variables are transformed

Fig. 3. Fuzzy control system.
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into three ship speed membership functions: slow,
middle, and fast. They are defined as follows, and
the linguistic set is shown in Table 1.

mslowðyÞ¼
8<
:

1 for y� 6

17� y
11

for 6� y� 17

9=
; ð5Þ

Fig. 4. Schematic diagram of fuzzy inference.

Fig. 5. Fuzzy control system diagrams.
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mmediumðyÞ¼

8>><
>>:

y� 6
11

for 6� y� 17

23� y
6

for 17� y� 23

9>>=
>>;

ð6Þ

mfastðyÞ¼
8<
:

y� 17
6

for 17� y� 23

1 for 23� y

9=
; ð7Þ

(3) Distance (D)

The study focuses on crash stop distances for
different vessels. A survey to investigate the stop-
ping distance required for navigation rudder angle
change (for changing course) when a vessel en-
counters obstacles. Three membership functions for
the required distance are defined. According to
linguistic variables, they are small, medium, and
large. The membership functions are Gaussian
functions, and the linguistic set is shown in Table 1.

msmallðz; 1; 2; 2Þ¼
�
exp

�
� 1
2

����z� 1
2

����
2��

ð8Þ

mmediumðz; 3; 2;2Þ¼
�
exp

�
� 1
2

����z� 3
2

����
2��

ð9Þ

mlargeðz; 5; 2; 2Þ¼
�
exp

�
� 1
2

����z� 5
2

����
2��

ð10Þ

(4) Danger Alert Index (DAI)

The three DAI membership functions are small,
medium, and large, with a range of 90�. In fuzzy
logic control, the DAI can be treated as an output for

danger levels. The present study defines the DAI
variable as follows.

msmallðdÞ¼

8><
>:

1 for d � 0:5

4� d
3:5

for 0:5� d� 4

9>=
>; ð11Þ

mmediumðdÞ¼

8>><
>>:

d� 0:5
3:5

for 0:5� d� 4

8� d
4

for 4� d� 8

9>>=
>>;

ð12Þ

mlargeðdÞ¼
8<
:

d� 4
4

for 4� d� 8

1 for 8� d

9=
; ð13Þ

The relevant fuzzy linguistic variables, input
values, and output values are described in Table 1.
In order to establish a safe collision alert guarding

radius model for working platforms, this paper
employs the three linguistic variables of length,
relative speed, and distance as input values to create
a fuzzy alert index. The alert index of the guarding
radius is the fuzzy output value. The ship's length
and speed data can be obtained from real-time AIS
data files, and distance can be calculated using the
MGIS. Hence, Length, Speed, and Distance are the
inputs, and the Alert Index is the output.
Most membership functions are trigonometric.

However, in this study, after several system simu-
lations and assessments by MGIS, and discussed
with several Pilots/Captains, according to their
long-experienced on navigation. The distance
function is not a trigonometric function. Therefore,
Gaussian function is used as the input of the

Table 1. Fuzzy input and output values.

Input value

Linguistic variable Definition Fuzzy linguistic value

Length Vessel's type and size Small (130 Meters)
Medium (190 Meters)
Large (250 Meters)

Speed The relative speed between vessel and marine platform Slow (6 Knots)
Middle (17 Knots)
Fast (23 Knots)

Distance After a ship nears the wind turbines, the valuation of
the shortest distance estimates for safely escaping the
hazardous obstacle facility (rudder use timing)

Small (1 N.M)
Medium (3 N.M)
Large (5 N.M)

Output value

Linguistic variable Definition Fuzzy linguistic value

Danger alert index The degree of danger alert index (1e10) e Green, Amber, or Red.
Green: continue normal traffic speed.
Amber: Ship operation must be restricted.
Red: Stop approaching and change course.

Small (3-Green light)
Medium (5-Amber light, slow flashing)
Large (10-Red, fast
Flashing)
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distance linguistic variable reference value.
Different captains have different abilities to judge
what distance is hazardous. However, an inexperi-
enced captain may overlook potential dangers and
be at greater risk of collision than an experienced
captain.
An experienced captain is better at controlling the

distance and operating the ship. The peak charac-
teristic of trigonometric functions is not significantly
shown and is considered to be closer to a Gaussian
distribution. Distance is therefore represented by
Gaussian functions as input linguistic variables. In
the future, intelligent self-learning modules and
faster single-chip calculations will have been
designed. The finished plots are shown in Fig. 6.
Based on a professional captain's experience, the

linguistic variables of the collision danger index for
an offshore work platform or offshore wind turbine
may be calculated. The danger warning value is
obtained using the FLC method, corresponding to
lighting, sound, and AIS radio warning. The fuzzy
rules for operation mode are shown in Table 2, and
the fuzzy linguistic control intentions are shown in
Fig. 7.

3.2. Fuzzy collision alert system for OMP

The system operation cogitation mode and flow
chart used in this study is shown in Fig. 8. It is
primarily based on the entity model for preventing
collisions with platforms at sea. It combines the AIS
with MGIS platforms and an FLC to provide its
theoretical basis. The length, speed, and distance
are used as fuzzy inputs, and the collision alert

Fig. 6. Sets of linguistic variables. (a) Ship length: Small, Medium, and Large. (b) Relative speed: Slow, Middle, and Fast. (c) Distance: Small,
Medium, and Large. (d) Output alert index: Small, Medium, and Large.

Table 2. Fuzzy rules.

Linguistic variables

Rules Length (L) Speed (S) Distance (D) DAI (A)

Rule 1 small small small small
Rule 2 small middle small small
Rule 3 small large small medium
Rule 4 small small medium small
Rule 5 small small large small
… … … … …

Rule 23 large small large small
Rule 24 large middle medium medium
Rule 25 large middle large large
Rule 26 large large medium large
Rule 27 large large large large
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index is the fuzzy output. The ship system includes
AIS collision alerts with a sound and light warning
system on the ECDIS and shore VTS. The marine
platform itself also provides an audible collision
warning system for the vessel is not loaded warning
system. The system provides a collision alert for a
marine platform with its own alarm and light
warning system. But, this paper did not discuss
small boat and craft without an installed shipborne
AIS.
Because the vessel has been loaded with the AIS,

the virtual mode offshore work platform can be
used for collision avoidance alerts. Additionally, the
VTS and vessel itself provide collision warnings,
while the surrounding vessels simultaneously
receive immediate relevant collision warnings. The
same fuzzy logic control method can also be used
for virtual AtoN applications because of the rapid
development of radio communication technology
and self-organized time division multiple access
(SOTDMA) technology. The mobile radio system
transmits navigation information that does not
actually exist to provide a virtual aid to navigation
and is set on a particular platform using a fuzzy
control method to calculate the degree of danger.

After solving these proposed warning indicators
for different degrees of risk of collision, this system
will broadcast the alert information by AIS without
setting an entity aids facility. The system will auto-
matically warn all nearby vessels’ navigators, VTS
duty officers, and offshore work platform operators.
Hence, it can identify the degree of danger to pro-
vide collision alerts for any weather or ambiguous
conditions in order to enhance and highlight navi-
gational safety. This will be the newest trend in the
buildup of necessary offshore collision alert aids.

4. Simulation and analysis

This was a cooperative study with a communica-
tions corporation to develop the AIS and maritime
GIS tablet shown in Fig. 9. After several tests and
modifications, the system was completed with real
field measurements and system integration in
Taiwan over a period of three years. Radio trans-
mission coverage testing by the AIS and a successful
display of the vessels' tracking are shown in Fig. 10.
This AIS system can provide immediate aids to
navigation, provide ships with hazardous obstacle
beacon locations for marine platforms, and provide
navigation information facilities. An example of a

Fig. 7. FLC membership function diagrams.
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Fig. 8. Flow chart of GIS-based alert system for offshore marine platform.

Fig. 9. Research developed AIS and maritime GIS tablet.
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fuzzy alert schematic chart is shown in Fig. 11.
Offshore wind turbines are located at the black
circles, and the “＋” symbol represents the AIS base
station. The collision alert device (warning light and
alarm) equipped on the work platform is controlled
by the MGIS/VTS shore station via radio commu-
nication. If the ship length is 190 m, the ship speed is
10 knots, and the distance to OMP is 3.06 nautical
miles, then the cloud processing output DAI is 5,
and the amber light shows on the OMP and MGIS.
There is also a slow flash to alert the navigator to
take action for collision avoidance. If the ship is

approaching the work platform, and the navigator
has made no response to this warning as the ship
approaches the red line (the cloud calculated dis-
tance to reach a DAI of 7 or higher), a higher alert
level will be activated. Once the distance is equal to
or less than 1 nautical mile, the system will activate a
flashing red light and treble alarm to warn the
navigator. Thus, the navigator, once alerted to the
warning signal, will immediately change course to
adjust the ship's heading for collision avoidance.
The flashing light and alarm will continue until the
ship returns to the green alert band.

Fig. 10. Radio transmission coverage and ship tracking test by AIS.

Fig. 11. Schematic diagram of risk value and warning indicator for offshore wind turbines on MGIS.
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This system has been developed for VTS, Officer
on watch (OOW) onboard, and working platforms,
which equip each kind of AIS at the base station, on
ships, and in a virtual station. The Marine GIS is
now used to monitor marine navigation safety and
environmental protection. Therefore, these mecha-
nisms can be used as a novel function for an
advanced ECDIS on board after approval by IALA
and IMO.

5. Conclusion

This paper proposed a novel fuzzy collision alert
system using a MGIS for the navigation safety of
marine platforms. As the FGR/SD will be larger
with poor weather conditions and low visibility at
sea, therefore, the three-level fuzzy guarding radius:
green, amber and red are changeable. The system
uses single-chip implanted AIS Class B technology
and FMGIS to effectively initiate an alert for all
ships’ navigators. With this strategy, VTS duty op-
erators and offshore work platform workers will be
warned of dangers and urgent situations before a
collision occur. The application of the system can
actively protect wind farms from vessels collision
with only several third GIS components (activate
alarm devices). This system has been implemented
in the offshore west coast wind farms in the Taiwan
sea area to reduce vessel collisions with offshore
marine platforms.
In the future, the system to process cloud AIS data

can be combined with ship simulators. Besides of-
fering the alert of flash and alarm, the approaching
ship will obtain the advice of rudder angle changes
from the system to avoid collision with OMPs.
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