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The number of port throughput in Indonesia increases significantly, in line with
the economic growth of the country. Indonesia government has taken a development
scheme of main sea-corridor in order to boost the economic growth in the Eastern part
of the country. The development of the main sea-corridor is also intended to anticipate
the increasing number of ship calls, especially in the port of Western part of Indonesia.
The developing ports may lead a new danger area that becomes obstacle for navigators
to steer the ships in the port area. Construction of new wharf in the developing port
area not only causes the new danger area but also new route of the ships. The new
hazards of ship to whaxf collision and ship to ship collision in the area should be
properly managed. Therefore, the analysis of navigational safety in a developing port
area is essential for the port authority to determine and apply new navigational aids
and measures in attempt to prevent accident in the port area. ’

Tanjung Perak Port located in Madura Strait is one of the main sea-corridors of
Indonesia. Increasing number of ship calls in the port require the development of new
port and canal as well as the improvement of port traffic management. The number of
ship calls has been already 38,800 ship calls in 2008 and it is predicted that it will be
58,000 in 2030. On the other hand, the current capacity of the canal is 27,000 ship calls
per year. Number of accidents in the area is very high with 11 collisions per year in
average for the 18 years of vperiéd between 1995 and 2013. Therefore, the navigational
safety of ship in the port area is very important to be analyzed in order to propose
methods and measures needed to be taken by the port authority. Methods to estimate
the width of ship barrier, the optimum safe route, the probability of ship on collision
course upon taking crash astern maneuvers, and estimation of collision risk in the bend
of new canal are proposed. Maximum safe speed, the optimum safe route, separation of
fairways, and installation of new buoys are suggested as measures to avoid collision in
the research area. - )

The application of Automatic Identification Sysf:em (AIS) data and the
Maneuvering Modelling Group (MMG) model for navigational safety analysis in port
area of Madura Strait is presented in this research study. These research studies
consist of 8 chapters. The introduction including background, purposes, and study area
are described in the Chapter 1. The AIS data and MMG model are explored in the
Chapter 2 and Chapter 3, respectively. The explanation about AIS data treated in the
simulation of maneuvering to calculate the navigational safety in port avea by using the
MMG model is described in these chapters. Furthermore, the development method to
estimate ship barrier for collision avoidance, the dew}elopment method of navigational
safety-indices to evaluate and seck the optimal route, the development method  to
estimate the probability of ship on collision course, and the method to estimate the
probability of collision in the bend of new canal by using AIS data and MMG model are
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described in Chaptér 4 to Chapter 7, respectively. The discussion and conclusions are
presented in Chapter 8.

The AIS data is taken from receiver installed in Institut Teknologi Sepuluh
Nopember, Surabaya, Indonesia by the cooperation with Kobe University, Japan. The
AIS information is provided by a ship through the transmission includes three types
such as the static, dynémic, and voyage-related information. Static information related
to a ship’s type, identity, dimensions, and other fixed information is programmed -into
the unit at the time of commissioning. Dynamic information including location, speed,
course, heading, rate of turn and the navigational status is derived from a ship’s GPS
and other sensors connected to the AIS. Voyage-related information including the
draught, cargo type, destination and ETA, and route plan are entered manually. The
dynamic data of ships’ trajectory including the position, course over ground (COG), true
heading, and speed over ground (SOG) are analyzed in this study. The maneuvering
simulation program of the MMG imodel is developed using MATLAB program. The
MMG model considers the condition of shallow water and the disturbances of wind and
current. In Chapter 4, drift angle and yaw rate of an entering ship is analyzed from the
COG and true heading using interpolation method and treated in the MMG model to
identify and estimate the width of ship barrier treated as a da;lger area. In Chapter 5,
the distribution of yaw rate is analyzed from the trend of yaw angle of a small zig-zag
maneuver. The trend of yaw angle is compareﬂ to the trend of true heading of a ship
from AIS data. The distribution is treated as-the initial condition of turning maneuver
using the MMG model to estimate probable trajectories and determine the optimal
route. A new method of navigational safety index is proposed to determine- the optimal
route. In Chapter 6, the trend of true heading and SOG as well as the trajectory from
AIS data is used as the reference for the subject ship to be followed using 7 the
maneuvering simulation. The distribution of yaw rate is estimated from the simulation.
The distribution is treated in the simulation of crash astern maneuvers to estimate the
probability of ship on collision course. )

Simulation of ship maneuvering to estimate the width of ship barrier in order to
avoid ship-ship collision has been developed based on the identified danger area and is
presented in Chapter 4. In this chapter, a subject ship exiting Lamong Bay Port, a new
port in Madura Strait, is simulated to avoid collision with a target ship entering the
Tanjung Perak Port area. The estimated ship barrier of ship domain of target ship
entering the port area is treated as a danger area. Ship doméin is defined as the free
area surrounding a ship to avoid collision. The result of the method is compared to other
methods. The safest route of _subject ship is determined using trial maneuver
considering the safety index of Emergency Level (EL). The analysis of ship domain as a
danger area as well as the evaluation on the center of passage in the developing port
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area is performed. The analysis was developed by using maneuvering simulatic;n and
AIS data. The location of danger area and the width of éhip .doinain in the shallow
water of the port area were predicted by randomizing the initial conditions of entering
ship taking course alteration maneuirer at the bend of the 'passége. The danger area of
the entering ship is identified as obstacle which has to be avoided by subject ship
exiting the port. The simulation confirms that some of the possible trajectories of target
ship were on collision courses with ships anchoring in the anchorage zones. The
simulation also shows that avoiding the danger area of anchorage zone will create
another danger area in the new port area. The dimension of the danger area is used as
the dimension of ship domain which should be free of other ships for avoiding ship-ship
cpllision. The width of ship domain in port area estimated based on the simulation was
about 1.12L which is less than that calculated based on Fujii’s method, 1.6L. The width
of free space between the danger area and port structure was 0.56L: and the distance
between the passage and anchoring ship is 0.5L. The distances are less than
requirement introduced by Inoue which are 0.68L and 0.89L respectively. Furthermore,
the route of the exiting ship is determined in order to avoid collision with entering ship
in the danger area. The route is determined based on the evaluation of navigation
safety which is measured using the method of EL. This chapter has been published in
the reference [3] and [7]. g

A proposed method. for the assessment of navigational safety using MMG model
and AIS data has been explained in Chapter 5. The method is developed based on
Emergency Level (EL) and Environment Stress (ES) methods. The proposed method is
intended for seeking the optimal of safety route for developing port area. As a case
study, the method is implemented in the existing condition of the passage located
between anchorage zones of the port area. The change of ‘route and position of
navigation aids can be determined for the developing port area based on result of the
method. The EL and ES of subject ship entering the port area between the anchorage
zones are evaluated according to the existing condition of the developing port area. The
boundary lines of ‘anchorage zones and shallow water of the coast are treated as virtual
environment obstacle lines, besides the structure of port jett&. The waterlines of ships
anchoring out of the anchorage areas are the representation of traffic obstacle of ship
maneuvering in the area. A new method of navigational safety assessment method has
been introduced in this chapter. The method is developed based on the existing method
of the EL and ES. The existing methods are unable to seek the optimal route. The new

. methods of Distance Level (DL), Aggregate Distance Level (AgDL) and Average

Distance Level (AvDL) are introduced to determine an optimal route in the developing
port area. Firstly, distributions of drift angle and yaw rate on a straight passage before
taking a turning maneuver are analyzed. The distribution of drift angle on the passage
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is analyzed from AIS data of ships belong to the same class with a subject ship and the
yaw rate distribution of ship on the area is predicted using small zig-zag simulation.
The yaw angle time series of subject ship resulted from the simulation is compared to
the true heading time series of ship belonging to the same class from AIS data. The
distributions are treated in the maneuvering simulation to estimate probable
trajectories. The navigational safety indices of all probable trajectories are calculated
based on the distances to obstacles and the stopping distances. The stopping distance is
calculated based on-an estimation equation ﬁ'omA IMO. The AvDL of the normal
trajectory was 0.2. The proposed method found the optimum trajectory with the AvDL
of 0.39. This chapter has been submitted for publication in the Journal of Maritime
Affairs.

In the Chapter 6, development of collision candidaté frequency method using
MMG model and AIS data has been analyzed and discussed. The method is developed

_ for predicting the probability of ship on collision course upon taking crash astern -

‘maneuvers. Probable trajectories of crash astern maneuvers are predicted based on
distributions of initial conditions for the maneuver. Originally, the concept of PAW is
developed based on the positions when the emergency actions are ordered. A new
Potential Area of Water (PAW) for maneuvering has been introduced in this chapter,
which not only based on the positions of ordering crash astern maneuvers but also the
distributions of yaw rate in the avea of the positions. Crash astern maneuvers with
random initial condition based on the distribution of yaw rate are treated td develop the
new PAW. Probability of ship on collision courses upori taking crash-astern maneuvers
“was estimated using the new PAW.
The normal entering trajectory of ship is plotted based on AIS data. A subject
ship is simulated using MMG meodel to take the same trajectory and yaw angle trend

with the AIS data of a ship belong to the same class. The yaw rate time series of ship on .

the trajectory is taken from the simulation. The trajectory is ‘divided into 6 areas
including 3 areas of course keeping and 3 areas of course changing. Crash astern
. maneuvers are taken at 4 initial positions for each area. The simulation confirmed that
the maximum safety speed of ship in the research avea of the port area in Madura
Strait is 6 knots. Based on the distribution of ship speed in the port area it is estimated
that the probability of ships on collision courses upon taking a slow crash astern
maneuver is 50%. A largest lateral deviation is found at area D, area of long turning
located in front of the position of new Lamong Bay Port. The distribution of lateral
deviation at the arvea fits with normal distribution with the mean of -5.894B and

standard deviation of 0.342B. Tile large distribution of lateral deviation in this area is

in line with to distribution of yaw rate in the area. This chapter has been published in
the reference [1] and [8].
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In Chapter 7, the collision risk estimation of ship during maneuvering in the
transition part of bend of new two-lane canal located at the gate of the research area
has been described. A method to estimate the probability of collision in the new canal is
pro.posed. The method is developed based on Friss-Hansen method and the collision
estimation resulted using the method is compared with that proposed by Kristiansen.
The consequence of collision is estimated using collision energy loss. This chapter is
developed based on a contribution in OMAE conference which has been published in the
reference [4] and [6]. '

In the Chapter 8, discussions and conclusions were presented. The chapter is

developed from discussion and conclusion parts of the previous chapters.



(B 1) REEORRENEES

B4 | I Putu Sindhu Asmara

B4 I Putu Sindhu Asmara
% 'D'evelopfnent. of Navigation Safety Analysis for Developing Port Area using Maneuvering
HE Simulation and AIS Data . y e -
EEEEREDODORIEER S I = L— 3t AIS 7R L iTEL M TmED BR)
X 4 B 4 K & .
E L A
¥ CIERE: ERERE
g B & %R EERS
B &= HHIE BEEA
Bl &
3 B
wm=

- ABER. EREREATTO bR TWBEEIZOWT, T IIANET S MMOMTEANE % FET
BFEOBEITHET 5 bOCUTORRE 2o TS,

B—ETIE. AV FXVT7 ORICER T, BEOFLWEHRR L ESL T, SNEYTEREDOENEY
SICHEKIR COMMOIEE L EHOBMBRETH Y ThZ M LR T 3720 O/ #4251 T
DAFREOBEARETHRRTNWS, Thbb, AHEICHH D EEHRENL— P OB LYSZHERICE
iF 3 BRI RREOHS 2 E &R L-o0, ¥ ESEOREN., IR OEREROHEMNIS IR
RRTHDZ L. FIREMBRER OB CORTEROLEYE, T — FBEOEEM. FEHEHO
EETABEORFERROBHARENLLHIELVA, FLTEOI > RRAET CHI AP I L 1D
HITRAMFMFEOBARMBETCH D LHEEROTRAZITY, FFEOBTFLEBERDOL 5 IKHRE
LTw3,

(D) BROHITIRMET Y 72 THT 3 FEOERB LUSEMEREREL Oh#

) BBEHATA— b 2FFFR TH T T EL(Emergency Level % BV CREET 3

(8) #RY R FAFRTHIITEAS S PAW(Potential Water Area) FIECHMT 3

4) 2 V— U OB TOBLRY X7 ICh 3T FHEOBE & THE

WIT, FFEPHH L T 5Kk (Madura Straits)CHFFEROFHEIL DV TR L, RBICASMNRTOERE
BALTUNB, -

BIETIRET, ATV IRKRRICRE Lz AISGRHESERIER)ORAZITo TS, KIZEDT
—Z X 3T FER AT Madura Straits) COMAITT— & OFTICESE | AP TORFRIR LT
B A F/5YE L O Tanjyung Perak I AETARENRMBORERITol, Thdb¥T, S%0O%
FORDDY =511, AIS F—FILEENDIFMAT—F b, HNOERAEEDRENMEOFED
ARLTW3, RIERETHRATIHMOBHEEBTTNMICLY | FOMBITH > TAET BRMOBEO
BHRHEIESOVWTHRLTNS,

BZETI, RELB CORFT O IERT BB 2RO TRETFNVEFZITEEND T AF
—OFARITH>TND, ZORFETNE LT, SREECERMNTS T CIEME02 MMG €7 V2 8#A
LTV, ZOERHRFEEORNA L SEOHMICEDETHRICER LY, ERERLEES IOV
TEHERLTW3, HICTEAFETELEEREH O—>ThHh I 7 T WO FSES L iskicERT S
BHPEEE—A Y POEMBFEIZOWTH, EEMEEHR2 Y bBZITEEEMABEL WS, £k
SEOHEOREMA L LTRELE PCC KoV, MMG 7 V&MY 5 it h iR oM iz
WTORERBITo TS, Z0EN, BEHEE, BREE BEAEEZ >V THARFETORY FWVIT
DWTHRARZINTWS,

FNETIL, FAFETHEFTOMNS T2 Madura Strait OB TS HERRDO Damong Bay #
DB OVTETRLTOND, KIC FITFEELE UFZICEA TS PAW(Potential Area of Water)tZ-2
WTBERSRBERE L OBVRERIC OV TR L%, SHELE L UERRPBMOAELLROREFE
EOWTRLTWS, &b, 0K 5 RAEL T CABBRHTIC, FTROHEETT oT pifiirs ik
THLETEENMEPOBNEBES VI L—a VEETRLTVWS, b8 T, Z20®RNW25ED
A HEO D OMBORERTETHBZ L BR LTS, MATEOL S RRAKELTRELE
BE0 EL(Emergency Level) oW THIIT 2TV, IHIRECHEMBOLERYETHDZ L bE
DETRLTW3S,

BRECIIEEFECRE SN TEZ ELRES R ¥ OHITIChh 2 REHDORBEORAZ EHER LD,
ZHBHERD ZHOHEE—R & LT, fiROBRIHSABICI T 2MITELEOFMCANS Z DT
& % AgDL (Aggregate Distance Level) 35X U* AvDL (Average Distance Level) & V5 $ii=Z2fifTee2ds
#(Navigation Safety Index) DEAIZ DWW TR LTS, ZHIRISEIDR~ PAW LW S BEEGIES bOT
b5, ’ A
EAECHRAFRICESE LRI TB 2 YRS SMA 2SI S 2 BR 2T o 2ROBRMES>VWTEH
LT3, —fEFEICIE T a5 ERE I RN T IAEIE L A P T, 2 ONGRRERRTO LT R ES
BHESENTOL 72, THAEIPOXE IAND T LHBEY, COREETFHFET I Z LEHELV,
ENCFrOREDHBEYIER T A LATEZDOTINEY I al—Ya VHHETIEL TV S,

| BLETIEEANR CERO H SRR L OERREERE Y T OAKRIZEMA U, ARRAIT AIS 7 —#
LEBLLADEYRAIBEEZRATVS,

BB ENETIAFEORERB X CEkicmiT - RB0ER L TORRFEORTEIToTN S,

2B, ARTLERT 5 L RBRCIERA AR 2/, ERFS oY —F 1 V7 3REE L DL
BRENTND,

PERRTERE ST, BRI, A ¥ FRYT A2 bTBO~< F o FHERORBCHICHERED by
TWABBREBICEEL T, TIOAHETIMMOMTRZRMEL EITEL. LI LERREHRL
APEOWTEBD LD TH D, T OER TIEATAMOEMSEM L TR Y SO EHRSEMT @M TH
BRDPOREMURR O OEBERRHERRD b3 P T, BEREFET VAV IBRESE ERO
FIEMERETRC, AREREOEARVSENLRANLOT Ve —FE2RL TR, TORHEIKEW,
ZOWRRFHEEL LTERMNZESRI 2R EREST 0 —T 1 V7 3RIELHONARENRTNS,
Lo THRRXE, B ETIb0LREDS,






