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The Strait of Malacca, considered to be the busiest shipping lane in the world, is located
between the east coast of Sumatra Island in Indonesia and the west coast of Peninsular Malaysia, and
is linked to the Straits of Singapore at its ‘southeast end. With a length of approximately 500 miles
(800 km), the Strait of Malacca is the longest strait in the world used for international navigation. It
forms the main seaway connecting the Indian Ocean with the China Sea and provides the shortest
route for tankers shuttling between the Middle East and Asian countries.

This research study describes about the application of AIS data for analysis of marine traffic
safety. In this case, the Malacca Straits is study area for theé analysis. This area classified as a busy
area, high traffic density, and high risk area for navigation in the world. Therefore, enhancing safety
of navigation is important to be established. The AIS is tool for establish the ship safety navigation.
The AIS installation had installed in the Universiti Teknologi Malaysia, Johor, Malaysia by Kobe
University, Japan. . ) 4 :

Therefore, these research studies consist of 6 chapters. In the chapter 1, the introduction
including background, outline, and study area was described. In the Chapter 2, the Automatic
Identification System was explored. The explanation about implementation of the AIS to enhance
safety of navigation in the marine traffic was described in this chapter. The danger score by
considering ship condition, human factors,. environmental factors, machinery factors, and
navigational factors are established using AHP and AIS, which were described in Chapter 3.

The collision is important issue which has occurred in the Malacca Straits. In this research,
as shown in Chapter 4, hazard identification and risk ranking of ship collision were evaluated as step
of formal safety assessment. The result is value of risk ranking which has determined using failure
mode effect analysis and fuzzy logic method. AIS data is used as source data for make classification
of ship’s encounter and traffic volume. | )

In the Chapter 5, the analysis of safety of navigation by considering the traffic density has
been analyzed and discussed. In this case, risk assessment is established. Based on AIS data, the
scenario of risk assessment have been carried out with different time with actual data. The risk level
has been established in head on condition, crossing condition and ovei‘taking condition. scenario
taken in the time which have high traffic area, oﬁ 2.00h, 10.00h, and 22.00h. The discussion of ship
collision probability analysis and consequence analysis are explored in this Chapter. As the results,
followiﬂg conclusions of this chapter have been obtained. '

In the Chapter 6, the marine traffic safety based on AIS data has been discussed based on
the explanation in Chapter 2 through 5. In the Chapter 6, conclusions of this study are summarized.
Moreover, the results discussed in the chapter 3 are published in the reference [1] and [4],
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chapter 4 is publishéd in the reference [1] and [5] and chapter 5 are published in the reference [2],
[3] and {5].

According to the IMO, in 2002, AIS information  includes static, dynamic, and
voyage-related elements. Static informatien is programmed into the unit at the time of

commissioning. Dynamic information is derived from interfaces with a ship’s GPS and,egther Sensors.

Voyage-related data are entered manually by the ship's captain using a password—'protected routine.

The analysis of marine traffic safety in the Malacca Straits had been established. The
evaluation of dangerous area, the evaluation of the risk collision and the safety of navigation
assessment had been carried out.

The implementation of AIS for evaluate marine traffic safety in the Malacca Straits had
been carried out. The AIS is implemented as a source of data that describes the characteristics of
ships’ traffic volume determined using a geographic information system (GIS). AHP is therefore
used for evaluating the safety level in the Strait of Malacca. In this case, wéighting factors are
determined using AHP. The evaluation criteria are divided into five: Ship condition, human factor,
environmental factor, machinery factor and navigational factor. Each criterion divides into
sub-criteria and sub-sub-criteria. By combining AHP method and AIS, the simulation and calculation
results of the danger score are presented. ' ) '

The risk evaluation of ship’s collision in the Malacca Straits had been established. The
evaluations of risk and hazard identification are useful to enhance the safety. In this Chapter, ten
scenarios established‘. The investigation of sea traffic using AIS data and GIS in the Malacca Straits is
carried out. The proposed FMEA-Fuzzy method for the evaluation of ship collision risk is described.
Finally, The risk ranking results are explored.

The assessment of safety navigation using AIS data had been carried out. In this chapter, the
traffic density and probability assessment is calculated based on AIS data. Consequences analysis had
been determined: In this Chapter, scenario of risk matrix established based on actual condition using
AIS data with different time and different encounter situation. The head on situation, crossing situation
and overtaking situation had been analyzed.

Using fj1e AHP, several factors that contribute to accidents in the Strait of Malacca were
revealed. In the Strait of Malacca, from 1975 to 1995, a totﬁl of 496 casualties were recorded.These
involved collisions, contacts, founderings, standings, fire, engine troubles, bilgings and leakages. 35
of the 111 collision cases have caused foundering of the ships, led to fire and explosion or leakages

leading to wrecks.
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An analysis of several factors that contribute to accidents in the Strait of Malacca indicates the
following. First: Ship condition. In the ship condition, the following items are considered: type of ship,
length of ship, speed of ship and state of loading. In the actual accident based on type of ship, General
cargo ships are at the top the list at 53.15%, followed by tankers at 20.59%, bulk carriers at 6.72%,
fishing craft at 4.41%, container ships'at 2.94% and liquefied gag ‘carriers at 1.68%. . Secondly, the
human element is the most important factor. Several accidents occunéd caused by human error. In this
case, experience and knowledge, fatigue, overwork, communication are factors that are important for
navigators. Thirdly,the environmental factorswill be discussed. In fact, serious accidents have occurred
in high traffic density areas. Current, speed other ships, length of other ships, distance between vessels,
wind effect, characteristics of area are t;actors that have contributed to the accidents in the.Strait of
Malacca. Further on, the machinery factors are described. The high percentage of leaking ships and
ships limping with machinery problems must be viewed with deep concern because such casualties
can easily develop into or cause catastrophic accidents. In the machinery factors, failure of main
engine and electrical power, failure of lubricating oil system, failure of navigation equipment, failure
of rudder, fajlure of hull equipment and failure of pl;opulsion should be considered. Finally, the
navigational factors are discussed. This factqr can contribute to the accident in the Strait of Malacca.
lnapprol-.)riateness of ship operation regulation management, inappropriateness of crew manning,

inapf)ropriateness of navigational aid are important variable that should be evaluated in order to

-increase the navigational safety in the marine traffic.

To assess the danger score, criteria of human factors, machinery factors and navigationél
factors coufd not b evaluated using AIS data. These criteria were determined from a questionnaire.
The questionnaire was distributed among the navigators who have experienced passing through the
Strait of Malacca. As a complex system with multiple subjects and multiple levels of ship safety
nav{gation, an evaluation index of ship navigational safety was compiled to make the levels more
certain and accurate using AIS data. The process of the assessment is as follows:

At first, the weight of the evaluation index of each criterion (ship condition, human factors,
environmental factors, machinery factors and navigational factors) and its related sub-criteria are
established using AHP. Therefore, the value of the function of sub-sub-~criteria is determined based on
AIS data.

In order to obtain and create the model of ship collision in the Malacca Straits dsing Fuzzy
method, ten scenarios have been established bésed on AIS data, GIS and other data source. Firstly,
the classification of the ship’s behavior stich as type of ship, ship condition, characteristics of the area,
distance between vessels, etc. were analyzed based on AIS data and GIS. Therefore, interviews with
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the navigators that have experienced passing through the Malacca Straits have been coqducted. The
scenarios are also defined based on previous literature related to the safety of navigation in the
Malacca Straits. ‘

The scenarios with higher defuzzified values are considered to be more risky. Human error
has the highest risk ranking. It is respectively followed by crossing situation, head on situation, short
distance between vessels, speed of own ship and target ship, high traffic density, overtaking situation,
error of navigation, bed weather condition and failure of machinery and electrical system. This result,
called fuzzy risk ranking, is very important as it gives useful information to the navigators when
passing through the Malacca Straits. It is also useful for navigators in order to prevent from accidents
and to reduce the ship’s collision riék in the Malacca Straits.

The risk assessment in safety of navigation is composed of two main activities: probability
modeling and consequence modeling. The probabilities have been established based on AIS data and
hazard analysis. The factors analyzed in assessing the ship collision probability are the head-on
situation, crossing situation, overtaking situation, and traffic density, based on AIS and GIS.

Based on AIS data, the scenario of risk assessment have been carried out with different time
with actual data. The risk level has been established in Head on condition, crossing condition and
" overtaking condition. scenario taken in the time which have high t;aﬂic area, on 2‘.00h, 10.00h, and
22.00h.



(BU#E1) RXEEDERDVES

K4 Muhammad Badrus Zaman

&4 ’ Muhammad Badrus Zaman
e Islzil‘aelteymentation of Automatic Identification System (AIS) for Analysis of Marine Traffic
BB | A1SF 5 ol EERSERE~OSAICET 55%
B 4 B & ® %
x & Baz A FK—
E wzx |m= " |am =
z IS R
Bl & HEBAR #E E
U -~
= g
e

=T v HIEPIIA 2 KRV T, A= b 7%03%}% L U—¥BOHEZEOR h-fLEL P OERET Y
Y HR—NVGHIEA~ L BB > TVD, TOREITMH 800km IRV~ T v 1IEBREERNEBCABEN &
BRUVEERTHD, ZOWRIZA > FELERFEZEC. PEILT VT HE~ORERHEGEL— b
EZER LT D, ZOMERIIMROITEERNEVWERIRE LTHBRESA TV HITRLErED 5
ZEBREEERENTV S, ZARERRZO-T v hiEEERNGE LT, EROMITHRMOSEL RS
AIS (BAfAE BbE&RIIEE : Automatic Identification System) 7—# % F35BORSMMICHE L &
5 LBBI=bDOTH S,

Z OB FERR L 6 o@ﬁm%%ﬁiénrb\é FTE 1 ECHAEERB LURBARTHE~S o b
YRR DB SV TRART VS,

F2ETRAERITORNSR L Liz<T v HigED AIS 7T —% %ﬂ;*téi&ﬁ@ﬂ@%ﬁinéf*#&a D
BV, & BIZHIEITREM~OBRIE SV TOBEZHRAL TV B,

FEIETIXAIS T —F 2IEHA LT, AA0EAERE, ANESR, BRENES, BENERR USTEG,
LRIV RENSB/RER a7 &R TFERICONWTRIELTW3, Thbh, $TBETsHEsEfloLr
Ea—il XY BEERETORBRUICOVTERBEZITV, KIZ, ©F v VERICBIT 5 AIS 7—& Ot &
BSE R, EHIZIORTEA L AHP(WE{LEEHE : Analytic Hierarchy Process) D% % 55
OFEL, Z0O AHP FEZEBATIEL TR, SEh320ERICONWT, ELXSiT0FER LI
SDVTRBRL T3, b, 2O AHP 2IERA LT, DS ATOBBREISH : Danger Score) &b
B RFRORBELEBREZT>TVS, Z0ODSIE, MOBRIPRI A2 UREDHER, MECR, sk
DIBEBGR LOREES. BEFRRELOERENTHER, EBRO<S v #EE2HFL LT, 20
EEEESWT 7% VLCC 240 & 0 T @f 2R LT 3,

4 BETEHAMOERENICEE LT FMEA (8T — R & 20OE B O : Failure Mode and Effect
Analysis) FHEBIUFSA (RERTLMEFE : Formal Safety Assessment) FHz~F v h koW L
FEICHEAT 2T FECONTRERTWS, WTN bRV R ESEOFMEC L. FEEFESRE
WESET7 7 V—EHREME LEFERFEHTHS & LTS, FSA BRI G, ~"¥— FORER EMbL
2B 4DDATyTTREL, RIZ, =7 vy HBERICBT 2 EHSH 2TV, TROIKESWTSEEA
L7 7 D—BROBIT D A 73—y THEORNB LUREFEIZ SN THRRATV S,

% 5 ECRESMITET 3MEFRERIC OV TERLTWS, 22T T v hIBRICH S AIS 7 —4#
12T COLREG (ER#ELEHRTFHBRANCET ZEK) IKho72) 27 EFANORERITV. @it
BER L BREMITE{To TS, if:i&éﬂ#ﬁaﬁ%’%‘ﬁa*ﬁﬁrﬁl TEAV, BB LA L OEBRRIC
DWTRREEZ= Y v 7 ARR LU TN T 3R HREMI L,

# 6 ETIHHIZ 3~5 EDFERIC OV TRAENREZZMA TS, TOFFmE LT, AIS F—F0fE
BRI DX 2 ESEOEFTNICIIEETHAZ L, 4% 2R FHEEB L -ELHTMABRETHS
&, EbiTi, BEBIERIDOAIST—F2EAL T ZLORERRLITERLTNS,

ZLTESETHAPNEORERL LT, =7 o MMREZRHR L LTHELSEORSMICHIBHEEE
BLCWeds, AIS F—F R0 L 52 L EOBREDOFRTMICEETHS Z &, AHP 2 FMEA

FEESTHEELEE LTERTERZ L, Bty - BRHOBANEETHAZ L RYERLE,

2B, FRXEWRT 5 ERBBRICIERALERL 2 E. BREL /0L —F 127 S|IROEY £
EHOERBRIN TS,

(1) Zaman, M.B., Kobayashi, E, Wakabayashi, N., et al.: Usage of Automatic Identification System (AIS)
for Evaluation of Marine Traffic Safety in the Malacca Straits. Proceeding of AMEC-2010 — Advance of
Maritime Engineering Conference, Singapore, pp. 462-467, 2010.(EBE2L& 70— 1 YY)

(2) Zaman, M. B., Kobayashi, E., Wakabayashi, N., et al.: Fault tree Analysis Model of Tanker for
Formal Safety Assessment (FSA) in The Malacca Straits Based on AIS Data, Proceedings of the

International Symposium of Marine Engineering (ISME), Kobe, Japan, pp. 1541-1546, 2011. (Epsa

Fry—F 4y
(3) Zaman, M.B., Kobayashi, E., Wakabayashi, et al: Ship Collision Probability for Formal safety

Assessment Based on AIS Data In The Malacca Straits, Asia navigation Conference (ANC), Wuhan,

China, pp. 486-497, 2011. (HEE& S0 —F 4> 2)

(4) Zaman, M.B., Kobayashi, E., Wakabayashi, N., et al.: Implementation of Automatic Identification
System (AIS) for Evaluation of Marine Traffic Safety in Strait of Malacca using Analytic Hierarchy
Process (AHP), BAMAIEFETSRMTE, ¥ 16 5, pp.141-153, 2013.

(5) Muhammad Badrus Zaman, Eiichi Kobayashi, et al.: Fuzzy Model for Risk Evaluation of Ship
Collisions in the Ma.lacca Strait Based on AIS Data, Journal of Simulation, Vol.9, pp.1-14,2013.

PALERASTE X S, AR AIS OF —F 21 L LXBORREDTE G L~ T v higREF L L
TEVHITITRI LTHHOT, ZOXIRFEIT, SBROELZTEDD Y 1B 2SI m 572
DILEDLDTEERLOTHD, Z0L I RHEREEERANLRL . BAMRHY, Eit+aBtksh
EFFHECLVEEL TV R CRBEEBE, Ko THRRIL, SHRXCET 200 LD 3,






