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The number of port位lroughputin Indonesia increases significantly， in line with 

the economic growth of the country. Indonesia government has taken a developmen色

scheme ofmぬ旦sea-coロidorin order 句 boostthe economic growth in the Eastern part 

of the country. The development of the main sea-corridor is also intended ωanticipate 

the increasing number of ship calls， especially in the pOl't of Western part of Indonesia. 

The developing ports may lead a new dangerむeathat becomes obstacle for navigators 

ωsteer the ships in the port紅白.Construction of new w harf in the developing port 

area not only causes the new danger area but also new route of the ships. The new 

hazards of ship ωwharf collision and ship to ship collision in the area should be 

properly managed. Therefore， the analysis of nayigational safety in a developing port 

area is essential for the port authority to determine釘ldapply new navigational aids 

and measures in attemptωprevent accident in the portぽ ea.

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組 dcanal as well as the improvement of port traffic management. The number of 

ship calls has been already 38，800 ship calls in 2008 and i七ispredicted that it will be 

58，000 in 2030. On the other hand， the CUl'rent capacity of the canalお27，000ship calls 

per year. Number of accidents in the area is very high with p collisions per year in 

average for the 18 years of.period between 1995 and 2013. Therefol'e， the navigational 

safety of ship in the port紅白 isvery impOl'色antto be analyzed in ol'del' to propose 

methods and measures needed to be taken by the pOl't authority. Methods to es悦mate

the width of ship barrier:， the optimum safe l'oute， the pl'obability of ship on collision 

course upon taking crash aStel'n maneuvers， and estimation of collision risk in the bend 

of new canal are proposed. Maximum safe speed， the op位mumsafe l'oute， separation of 

fairways， and installatipn of new buoys are suggested as measure.s to avoid collision in 

the reseal'ch area. 

The application of Automatic Identifi.cation System CAIS) data and the 

Maneuvering Modelling Group仏.1MG)model for navigational safety anal戸isin port 

但:eaof Madura S位aitis presented in this research study. These research studies 

consist of 8 chapters. The intl'oduction including background， purposes， and study area 

ぽ'edescribed in也eChaptel' 1. The AIS da匂 andMMG model are explored in the 

Chapter 2 and Chapter 3， respectively. The explana'位。'nabout AIS data treated in the 

simulation of maneuvering to calculate the navigational safety in pOl't area by using the 

MMG model is described in these chaptel's. Furthermore， the development method to 

es悦mateship barrier for collision avoidance， the development method of navigational 

safety‘indices to evaluate and seek the optimal route， the development method to 

estimate the probabili旬。fship on collision course， and the method to estimate the 

pl'obability of collision in the bend of new canal by using AIS data and MMG model are 
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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 wharf collision and ship to ship collision in the area should be 

properly managed. Therefore, the analysis of nayigational 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. 

TaJJ.j~g 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 ilieady 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 p collisions per year in 

a:verage for the 18 years of.peri~d 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 installatipn of new buoys are suggested as measure.s to avoid collision in 

the research area. 

The application of Automatic Identification Sys~m (AlB) 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 AlS data and MMG model are explored in the 

Chapter 2 and Chapter 3, respectively. The explanation about AlS data treated in the 

simulation of maneuvering to calculate the navigational safety in port area by using the 

MMG model is described in these chapters. Furthermore, the development method to 

estimate ship barrier for collision avoidance, the development method of navigatio~al 

safety-indices to evaluate and seek 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 AlS data and MMG model are 
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described in Chapter 4ωChapter 7， respec偏ve1y.The discussion and conc1usions are 

presented in Chapter 8. 

官1eAIS data is taken企omreceiver installed in Institut Tekno1ogi Sepuluh 

Nopember， Surabaya， Indonesia by the cooperation with Kobe Universi勿， Japan.The 

AIS information is provided by a ship through the transmission includes three句pes

such as the static， dynamic， ana voyage-re1ated information. Static information re1ated 

ωa ship's句1pe，identity， dimensions， and other fix:ed information is programmedinto 

the uni主atthe time of commissioning. Dynamic information including 1ocation， 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-re1ated information inc1uding the 

draught， cargo type， destination and ETA， and route p1an are entered manually.τ'he 

dynamic data of ships' trajecωry including the position， course over ground CCOG)， true 

heading， and speed over ground -(SOG) are ana1yzed in this study. The maneuvering 

simu1ation program of the MMG mode1'is deve10ped us~g MATLAB program. The 

MMG mode1 considers the condition of shallow water and the disturbances ofwind and 

current. In Chapter 4， dri氏ang1eand yaw rate of an entering ship is ana1yzed from the 

COG and true heading using interpo1ation method and treated in the MrI在Gmode1 to 

identi:fy and estimate the width of ship barrier treated as a danger紅白.In Chapter 5， 

the distribution of yaw rate is analyzed企omthe trend of yaw ang1e of a smal1 zig-zag 

maneuver. The tr官 ldof yaw ang1e is comparedωthe trend of true heading of a ship 

from AIS data. The distli.bution is treated as.the initia1 condition of turning maneuver 

using the MMG mode1 ωestimate probab1e trajectories and determine the optimal 

route. A new method of navigational safe勿 indexis 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 shipωbe followed using the 

maneuvering simulation. The distribution ofyaw rate is estimated from the simulation. 

The dist1i.bution is treated in the simulation of crash astern maneuversωestimate the 

probabiliセyof ship on collision course. 

Simulation of ship maneuvering句 estimatethe width of ship bal'li.er in order to 

avoid ship-ship collision has been deve10ped based on the identified danger area and is 

presented in Chapter 4. In this chapter， a subject ship 

、
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area is performed. The analysis was deve10ped by using maneuvering simulation and 

AIS data. The location of danger area釘ldthe width of shipdoinain in the shallow 

water of the port area were predicted by randomizing the initial conditions of entering 

ship taking course alteration m宇田町erat the bend.of the passage. The danger area of 

the entering ship is identi盆edas obstacle which has ωbe avoided by subject ship 

exiting the tort. The simulation confirms that some of the possible trajectories of target 

ship were on collisiop. courses with ships anchoring in the anchorage zones. The 

simulation also shows' that avoiding the danger area of anchorage zone will create 

another danger紅白inthe new por't紅白.The dimension of the danger紅白isused as 

the dimension of ship domain w hich shou1d be仕eeof other ships for avoiding srup-srup 

co出.sion.The width of srup domain in port area estimated based on the simulation was 

about 1.12L which is 1ess than that calculated based on Fujii.'s method， 1.6L. The width 

of仕eespace between the danger area and port structure was O.56L and the distance 

betweenthe passage and anchoring ship is O.5L.τもedistむlcesare 1ess than 

requirement introduced by Inoue wruch are O.68L and O.89L respectively. Furthermore， 

the route of the exiting ship is determined in order ωavoid collision with entering srup 

in the danger紅 ea.τ'heroute is determined based on the evaluation of naviga包.on

safety which is measured using the method of EL. Trus chapter has been published in 

the reference [泊 and[7]. 

A proposed method.for. the assessment of navigational safety using MMG model 

and AlS data has been explained in Chapter 5. The method is deve10ped based on 

Emergency Leve1 (Eυand Env.ironment Stress (ES) methods: The proposed method is 

intended for seeking the optimal of safety route for deve10ping port area. As a case 

study， the methpd is imp1emented in the existing conditioh of the passage 1口cated

between anchorage zones of the port area. The change of' route and position Qf 

navigation aids can be determined for the deve10ping port area based on result of the 

method， The EL and ES of subject srup entering the port area between the anchorage 

zones are evaluated according to the existing condition of the deve10ping po凶 area.The 

boundary lines of anchorage zones and shallow water of the coast are treated as泊rtua1

environment obstacle lines， besides the structure of port jetty. The waterlines of ships 

anchoring out of the anchorage areas ar 
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described in Chap~r 4 to Chapter 7, respectively. The discussion and conclusions are 

presented in Chapter 8. 

The AlS data is taken from receiver installed in Institut Teknologi Sepuluh 

Nopember, Surabaya, Indonesia by the cooperation with Kobe University, Japan. The 

AlS information is provided by a ship through the transmission includes three types 

such as the static, dyn~ic, ana 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 AlS. 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 model'is developed us~g MATLAB program. The 

MMG mod~l 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 danger 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 compared to the trend of true heading of a ship 

from AlS data. The distli.bution 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 

AlS data is used as the reference for the subject ship to be followed using the 

maneuvering simulation. The distribution of yaw rate is estimated from the simulation. 

The distli.bution 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 barder 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 entedng the 

Tanjung Perak Port area. The estimated ship barder of ship domain of target ship 

entering the port area is treated as a danger area. Ship domain is defined as the -fr~e 

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 

considedng 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 simulation and 

AlS data. The location of danger area and the width of shipdoinain in the shallow 

water of the port area were predicted by randomizing the initial conditions of entering 

ship taking ~ourse alteration m~neuver at the bend.of the pass~ge. The dan~er 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 collisio)1 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 

collision. 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. O.56L and the distance 

between the passage and anchoring ship is O.5L. The distances are less than 

requirement introduced by Inoue which are O.68L and O.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]. 

A proposed method. for' the assessment of navigational safety using MMG model 

and AlS data has been explained in Chapter 5. The method is developed based on 

Emergency Level (EL) and Env.ironment Stress (ES) methods: The proposed method is 

intended for seeking the optimal of safety route for developing port area. As a case 

study, the methpd is implemented in the existing condition of the passage located 

between anchorage z;ones of the port area. The change o~' route and position Qf 

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 jetty. 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企omAIS data of ships b宇longto the same clas5 with a subject ship and the 

yaw ra旬 distributionof ship on the area i，s predicted using small zig.zag sim叫ation.

The yaw angle time series of subject ship resulted企omthe simulation is compared to 

the true heading time series of ship belongingぬ th邑sameclass from AIS data. The 

distributions are treated in the maneuver泊g 自立叫ationto estimate probab1e 

trajectories. The navigational safety indices of all probable trajectories are ca1culated 

based on the distances to obstacles and the stopping distances. The stopping distance is 

calculated base4 on. an estimation equation from IMO. The AvDL oI the normal 

trajecωηwas 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. 

1n the Chapter 6， development of collision candidate frequency method using 

MMG mode1 and AIS data has been analyzed and discussed. The method is developed 

宇 forpredicting the probability of ship on collision course upon taking crash astern 

maneuvers. Probab1e trajectories of crash astern maneuvers are predicted based on 

ct.stributions of initial conditions for the maneuver. Originally， the concept of P A W 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 area of the positions. Crash astern maneuvers with 

ralldom initial condition based on the distribution of yaw rate are treated t占developthe 

new PAW. Probability of ship on collision courses upori taking crash<astern maneuvers 

was estimated using the new P A W. 

The normal entering trajectory of ship is plotted based on AIS data. A subject 

ship is simulated using JIi⑪I.IG model ωtake the same trajec句ryand yaw angle trend 

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

the trajectory is taken fr・omthe simulation. The trajectory is di羽dedinto 6 areas 

including 3 areas of ∞urse 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 area 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 probabi 
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1n Chapter 7， the ∞出.sionrisk estimation of ship during nianeuvering in the 

t主阻sitionpart of bend of new two.lane canallocated at the ga旬。fthe research釘.ea

ha戸beendescribed. A method ωes説matethe probability of collision in the new canal is 

proposed. The method is developed b!ised 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 10ss. This chapter is 

developed based on a con位ibutionin OMAE conference which has been published in the 

reference [4J and [6]. 

1n the Chapter 8， discussions and conclusions were presented. The chapter is 

developed企omdiscussion and conclusion parts of the previous chap句rs.

(~~ : I Putu Sindhu Asmara NO.4) 

is analyzed from AIS data of ships b~long to the same class with a subject ship and the 

yaw rate distribution of ship on the area i)3 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 th~ same class from AIS data. The 

distributions are treated in the maneuvering simulatio~ 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 base4 on· an estimation equation from !MO. The AvDL ot 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 candidate 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 

cp.stributions of initial conditions fOl: 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 area of the positions. Crash astern maneuvers with 

random initial condition based on the distribution of yaw rate are treated to develop the 

new PAW. Probability of ship on collision courses upon taking crash<astern maneuvers 

was estimated using the new PAW. 

The normal entering trajectory of ship is plotted based on AlS data. A subject 

ship is simulated using MMG model 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 area 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 area fits with normal distribution with the mean of -5.894B and 

standard deviation of O.342B. The 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 can!!}. located at the gate of the resear~h area 

ha.s been described. A method to estimate the probability of collision in the new canal is 

pro~osed. The method is developed b!ised o~ 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 [41 and [6]. 

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

developed from discussion and conclusion parts of the previous chapters. 
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概要
本研究は、実際に開発がすすめられている港湾について、そこに入出港する船舶の航行安全性を評価す

る手法の開発に関するもので以下の構成となっている。

第一章では、インドネシアの特に西域で、近年の著しい経済成長と連動して、船舶貨物取扱量の増加を背

景に港湾水域での船舶の穏稜と事故の増加が課題でありそれを評価し解決するための取り組みについて

の本研究の視点をまず述べている。すなわち、本研究にかかる具体的な運航ルートの紹介や当該海域にお

ける具体的な荷物取扱量の推移などを示しつつ、海上交通の課題が、船舶同士の衝突事故の増加が危機的

状況であること、特に現在開発整備中の港での航行管制の必要性、航行Jレ}ト整備の重要性、衝突事故の

確率予測が港の整備状況の急激な変化もあり難しい点、そしてそのような状況下であるがゆえに何らかの

航行安全性評価手法の導入が必要であると研究背景の説明を行い、本研究の骨子と目的を次のように設定
している。

ω船舶の航行可能性エリアを予測する手法の開発および既往研究提案手法との比較
(紛最適航行ルートを本研究で新たに示す EL包mergencyLeveI}値を用いて評価する
(3)衝突リスクを本研究で新たに導入する PAW(Po.tentialWa.ter Area}手法で評価する
(4) 2レーンの対向航路での衝突リスクにかかる新たな手法の提案と評価
次に、本研究が対象とする水域伽aduraS.traits)や研究の範囲について示し、最後に本学位論文の構成を
述ベている。

第二章ではまず、スラパヤ工科大学に設置した AIS偽嚇自動識別装置)の説明を行っている。次にそのデ
ータによる研究対象水域(MaduraS.traits)での船舶航行データの解析に基づき、本研究での解析対象とす
るスラパヤ近くのTanjyungPerak港に入港する代表的な航路の設定を行った。また合わせて、今後の解
析のためのゾーン分けや、 AISデータに含まれる方位角データから、船舶の回頭角速度の振れ幅の計算も
示している。次に次章で説明する船舶の操縦運動モデルにより、その航路に沿って入港する船舶の軌跡の
再現計算についても示している。

第三章では、次章以降での解析のために使用する操縦運動.を表わす数学モデルとそこに含まれるパラメタ

ーの説明を行っている。この数学モデルとしては、当該操縦運動解析分野で標準的なMMGモデルを採用
しているが、その基本的な原理の説明と今回の船舶に合わせて特に考慮したり、また拡張した部分につい

て詳述している。特lζ本研究で最も重要な項目の一つであるプロペラ逆転時の有効推カと船体に作用する
横カや回答モーメントの導出方法については、既往研究事例なども参考に考察を加え設定している。また

今回の研究の対象船型として設定した PCCについて、 MMGモデルを構成する流体力微係数の導出につ
いての解説も行っている。このほか、風圧カ影響、潮流影響、浅ポ影響についても本研究での取り扱いに
ついて説明がなされている。

第四章では、本研究で解析の対象とする MaduraS.traitの中に位置する現在建設中の 1amongBay港
の概要についてまず示している。次に解析手法とし新たに導入する PAW(Potential Area of Water)につ
いて既往類似研究との違いや特長について概説した後、計算条件と必要な風や潮流の外乱条件の設定方法

について示している。さらに、そのような外乱下で入港操船中に、不測の事態でプロペラを逆転させ停止
するときに指定航路から逸れる程度をシミュレーション計算で示している。合わせて、その逸れる範囲の

外側に出港のための航路の設定が可能であることも論じている。加えてそのような緊急時停止を想定した

場合の EL(EmergE!ncyLeveI}についても解析を行い、初期設定の計画航路の変更が必要であることも合
わせ示している。
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第五章では既往研究で提唱されてきたELやESなどの航行にかかる安全性φ指標の限界なども考察しつつ、
これら従来の二つの指標をベースとして、前述の検討対象水域における航行安全性の評価に用いることので

きる AgDL(Aggrega旬 DistanceLeveI)および AvDL(Average Dist臼 ceLeveI)という新たな航行安全指
数制avigationSafety Index}の導入について論じている。これは先に述べたPAWという概念に依るもので
ある。
第六奪では緊急事態に遭遇した時に主機を逆転させ船体を停止させる操船を行った時の操払唱について論

じている。一般的にはプロペラ逆転停止操船時には舵がほとんど効かず、その逆転操作直前のわずかな運動

が積分されていくため、初期航路から大きく外れることが多い。この現象を予め予想することは難しいが、
事前にその程度の範囲を把握することができるのでこれをシミュレーション計算で評価している。

第七章では既往研究で実績のある船舶同士の衝突確率推算方法をこの水域に応用し、船舶航行AISデータ
と照らし合わせ日スク想定を試みている。
最後に第八章では本研究の結論および将来に向けた課題の整理とその解決方法の提示を行っている。

なお、本論文を構成する主な投稿論文は査読付学会論文2編、国際学会プロシーディング3編にまとめられ
公表されている。

以上述べてきたように、本論文は、インドネシアスマトラ島のマドゥラ海峡の奥部で新たに計画が進められ

ている港湾建設に関連して、そこの入出港する船舶の航行安全性をどう評価し、またどう必要な対策を講じ

るかについて緩めたものである。この海域では航行船舶の数が増加しており船舶の衝突が増加する傾向であ

るなかの安全性確保のための学際的な研究が求められる中で、精微な数学モデルを用いた船舶緊急停止時の

停止性能予測や、危険度指標の導入など多面的な視点からのアプローチを試みており、その意義は大きい。

この研究成果は主として査読付学会論文2編、国際学会プロシーディング3編にまとめられd公表されている。

よって本論文は，学位に値するものと認める。
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