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Research Highlight 1: Quantifying Uncertainty of CO2 Emission Reduction for Maritime Shipping, By 

Dr. Yuan Jun (Track Leader: Associate Prof. Ng Szu Hui) 

Motivation 

With increasing global concern for climate change and 

global warming, it is necessary to control and reduce the 

greenhouse gases (GHG) emissions. International ship-

ping contributes approximately 3% of the global CO2 

emissions. With sustained growth in shipping, maritime 

CO2 emissions are projected to increase by at least two-

fold by the year 2050. Therefore it is important to im-

prove shipping efficiency in order to reduce the total 

GHG emissions from the shipping industry. The Interna-

tional Maritime Organization (IMO) has recently pro-

posed several operational and technical measures to im-

prove shipping efficiency and reduce GHG emissions.  

Objectives 

Emission Reduction Model 

 We propose a systematic method to quantify the uncertainty in the marginal abatement costs and the emission re-

duction estimates. 

 We provide improvements to marginal abatement cost curves to better reflect the uncertainties, and further provide 

percentage reduction probabilities. 

 The proposed method provides a consolidated overview of abatement measures and overall reduction potentials 

with its uncertainties to facilitate better evaluation of measures and policy. 

 The methodology is applied to a case study on maritime shipping where operational and technical measures to re-

duce maritime CO2 emissions are evaluated. 
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March 2015– June 2015 

The abatement potentials estimated for these measures have been further used by many organizations to project future 

GHG emission reductions and plot Marginal Abatement Cost Curves (MACC). However, the abatement potentials 

estimated for many of these measures can be highly uncertain as many of these measures are new, with limited sea 

trial information. Furthermore, the abatements obtained are highly dependent on ocean conditions, trading routes and 

sailing patterns. When the estimated abatement potentials are used for projections, these ‘input’ uncertainties are often 

not clearly displayed or accounted for, which can lead to overly optimistic or pessimistic outlooks.  

The cost effectiveness for each measure j can be modelled as  

 

 

where n is the total number of ships in the entire fleet, NRC is the non-recurring cost (annualized capital cost of imple-

menting the measure), RC is the recurring cost (operating cost for the measure), OC is the opportunity cost (cost due to 

loss of service) while implementing the measure, FC is the fuel consumption before implementing the measure, FP is 

the fuel price, AP is the abatement potential. EF is the carbon emission factor defined as the average amount of GHG 

emissions per ton of the fuel consumed.  
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Uncertainty Quantification Methods 

We looked at estimating the total expected emission reduction in 2020 with a potential set of technical and operational 

measures for maritime shipping.  

Case Study 

Then the total CO2 emission reduction (TE) for the selected economic feasible measures can be formulated as 

  

 

where m is the total number of measures considered and Bj is the binary variable to indicate the selected measure.  

 
1 1

m n

i j jj i
TE FC AP EF B

 
    

We provide a summary of the overall uncertainty quantification procedure: 

 Estimate or assign the probability density function for each input element based on historical data or expert judg-

ment. The elements include the total cost (including non-recurring cost, recurring cost, opportunity cost), fuel con-

sumption, abatement potential, fuel price and emission factor; 

 Compute/estimate the non-positive CE probability of each measure. If the assumptions for the analytical approxi-

mations hold, the probability of non-positive CE value can be computed analytically. Otherwise, the general Mon-

te Carlo method can be used to estimate the probability of non-positive CE; 

 Quantify the uncertainty of the expected total emission reduction. If the assumptions for the lognormal case hold, 

the distribution of expected total emission reduction can be approximated as a lognormal distribution. If the nor-

mal approximation method can be applied, then the expected total emission reduction can be estimated as a normal 

distribution. Otherwise, a general Monte Carlo method can be applied. 

Figure 1: MACC in 2020 (optimistic case) with cost (million US$) and CO2 emission reduction (million tons)  
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Case Study 

Figure 2: MACC in 2020 (pessimistic case) with cost (million US$) and CO2 emission reduction (million tons) 

Figures 1 and 2 are the MACCs for the optimistic and pessimistic cases respectively when a scenario based approach 

is used. The results indicate that there exists large uncertainty for the measure ranking and selection and for the total 

emission reduction estimation when considering only the individual optimistic and pessimistic cases. With such dis-

parities, it is difficult to provide policy makers with a clear picture of the effectiveness and ranking of the measures, 

and the emission reduction potentials. 

We further provide and compare the uncertainty quantification results for the proposed approach. The estimated densi-

ties of the expected total emission reduction using all the methods for different input distributions are shown in Figure 

3. The estimated mean and 95% CI for both methods are given in Table 1. The results indicate that the proposed un-

certainty quantification methods not only provide more precise estimation (more reflective uncertainty values) of the 

total emission reduction but also provide the entire distribution of the total emission reduction. 

 

 

 

 

 

 

Methods Mean (million tons) 95% CI 

Uniform Input (Monte Carlo) 466.3 (370.8, 562.2) 

Uniform Input (Lognormal Approximation) 469.1 (373.0, 591.4) 
Lognormal Input (Monte Carlo) 421.2 (341.6, 517.3) 

Lognormal Input (Lognormal Approximation) 421.1 (341.4, 517.2) 

Normal Input (Monte Carlo) 482.4 (395.8, 571.5) 

Normal Input (Lognormal Approximation) 485.7 (395.2, 590.6) 

Normal Input (Normal Approximation) 482.2 (316.6, 647.8) 

Scenario Based Method 
Average (million tons) Range 

452.9 (249.6, 656.1) 

Table 1: uncertainty of the total CO2 emission reduction for different methods  
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Case Study 

Figure 3: distribution of the expected total emission reduction (million tons) for different methods 

Based on the proposed uncertainty quantification method, we further provide an improvement to the MACC which 

includes the uncertainty information in addition to the typical histogram plot of the MACC. Figure 4a provides an ex-

ample of this uncertainty plot for 14 different measures when lognormal input distributions are assumed. Figure 4b is a 

typical MACC plot with the mean estimates. We propose to further include the distribution of the total emission re-

duction (red line) to illustrate its uncertainty. Overall, this improved MACC plot provides more information to support 

the selection of the better measures for implementation and also precisely describe the uncertainty of the emission re-

duction.  

We can further compute the probabilities of attaining different percentages of emission reduction in 2020 with respect 

to the baseline emission level in 2007. These probabilities are useful in assessing the likelihoods of achieving various 

targets and facilitate target setting decisions. In this case study, from Table 2, a reasonable target may be a target 

amount of less than or equal to 40%.  

 

Table 2: probabilities of attaining different emission reduction percentages  
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Case Study 

Figure 4: improved MACC plot with cost (million US$) and CO2 emission reduction (million tons) 

MACC has become a standard policy tool to evaluate emission reduction measures. However, the traditional approach 

of providing the different specified scenarios (optimistic and pessimistic) can lead to conflicting decisions. This makes 

it difficult for decision makers to come to a confident and consensual decision. In this paper, a systematic uncertainty 

quantification approach is proposed so as to better incorporate the uncertainty in decision making.  We further propose 

some improvements to the typical MACC which incorporate more uncertainty information to better support decision 

making. The improved MACC plot contains the uncertainty of cost-effectiveness and the uncertainty of emission re-

duction for each measure and/or grouped measures. Therefore, the improved MACC can be used to better rank and 

select emission reduction measures for policy makers based on their level of tolerance of the uncertainties. Moreover, 

the distribution of the total emission reduction provided in the improved MACC and the probabilities of achieving 

various targets help policy makers to have a better understanding of emission reduction potential for different groups 

of measures, and set achievable targets. 

Conclusion 
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Problem Statement 

Model Approach 

Stepping into the 21st century, the shipping sector has a major trend: larger, more standardized, more specialized, 

ships are proposing safety challenge to berthing. Larger ships need more mooring lines, which increase the probability 

of unbalance of tension. 

Building cycle decrease in shipyard, fitting-out period increase resulting from more equipment required and mostly 

important, shipping depression have contributed to more new built ships berthing in the ports which means a dearth of 

berths. So in order to increase the usage ratio of the berth. Most shipyards apply Side-by-Side mooring. 

Establish ship-fix coordinate frame with gravity center as origin and the earth-fix coordinate frame 

3 degrees of freedom: surge, sway, yaw  

 

Objectives 

Draw a conclusion how to prevent side-by-side mooring at quay from hurricane and keep it safe 

 Exploit numerical methods to estimate each ship mooring force on mooring lines in side-by-side mooring system. 

 Numerical simulation is calibrated and validated and applied to predict ship mooring forces for a side-by-side 

mooring system with two ships in a special environmental situation. 

 Adopt the pattern search method to solve the numerical model. Get knowledge that the existing difference be-

tween experimental results and numerical results is dependent with that we simplify the dynamic model as static 

model to ignore the interaction of the multi-bodies and the look-up table error. 
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Model Approach 

Hypothesis: ships in equilibrium state 

 

 

 

 

Environmental Disturbance contains wind, current load and wave forces. 

About the wind, current load, OCIMF Formula is recommended (Oil Companies International Marine Forum) 

The wave forces include the interference and drift force. About the interference force, we apply the Froud-Krylov Hy-

pothesis, which means the steady pressure distribution of regular wave 

 

 

 

 

 

The drift forces can be formulated as empirical formulas-Daidola Fromula 

So the whole environmental disturbance can be model as For A:  

 

 

 

The mooring lines force can be obtained by the following model 

Wilson’ s Law:  

 

Bollard     fairlead   

And the changed coordinate of the fairlead  

 

 

Fender forces 

The coordinate of the fenders  
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Model Approach 

Model Validation 

The equilibrium situation of the ships : 

 

The two ships moored in side-by-side system are used in the model validation. Detailed ships’ information are shown 

in table 1. The model results are shown in Table 2. The figure below illustrates the deploy of the mooring lines.  

We assume the wind and wave in the same direction      

Wind: 38.3m/S; Wave: 3.2m; Current: 1.6m/S and the directions of the three environmental factors are 0 degree.  

 

 

 

 

 

 

 

 

 

Table 1 the parameter of the two moored ships 

Figure 1 Distribution of mooriing lines 
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Model Validation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 the result in on-bank wind 

Conclusion 

In comparison with experimental result, the pattern search results are feasible and can reflect the general rule. As to 

the difference of the results, the main reasons are that we just simplify the dynamic model as the static to ignore the 

interaction of the multi-bodies and the look-up table error. 
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Journal Papers (with Abstracts) 

1. Hua Wang, Qiang Meng, Xiaoning Zhang, (2015), Optimal parking pricing in the many-to-one park-

and- ride network with parking space constraints, Transportation Research Record Journal of the 

Transportation Research Board, 15-3316  

Abstract: 

This paper investigates an optimal parking pricing problem in a many-to-one (multiple origins to one destination) park-

and-ride (P&R) network taking into account practical parking space constraints. The proposed problem aims to minimize 

total travel cost by setting optimal parking fees at P&R terminals. It is formulated as a bi-level programming model that 

comprises an upper level problem of determining optimal parking fees and a lower level problem of characterizing 

commuters’ travel equilibrium of departure time and path choices. For the lower level problem, the authors develop a 

user equilibrium model to address the commuting patterns with/without parking space constraints in the many-to-one 

P&R network. In the commute equilibrium analysis, extra earlier departure times, defined by slack variables, are 

introduced to examine the conditions when commuters need to compete for limited parking spots. Meanwhile, the 

parking spot ending time is used to describe how commuters from different origins compete with one another for the 

limited parking spots at the destination. Finally, numerical experiments show that the methods proposed in this study are 

effective in managing the park-and-ride facilities.  

 

2. Shuaian Wang, Hua Wang, Qiang Meng, (2015), Itinerary provision and pricing in container liner 

shipping revenue management. Transportation Research Part E: Logistics and Transportation Review, 

Volume 77, May 2015, Pages 135–146 

Abstract: 

A shipping line may have more than one itinerary to transport containers from origin to destination. Customers choose 

which itinerary to use or using other shipping lines’ itinerary. We use the logit model to formulate customer’s behavior. 

We find that, on one side, when the freight rates of the itineraries are fixed, providing all itineraries to a customer may 

not maximize the shipping line’s profit. When the market share of the shipping line is low, more itineraries should be 

provided, and vice versa. On the other hand, when the freight rates of the itineraries could be optimized, all itineraries 

are provided for maximizing the expected profit. Models and algorithms are developed that determine the optimal subset 

of itineraries to provide with given freight rates, and the optimal freight rates when they could be adjusted.  

 

3. Yuquan Du, Qiushuang Chen, Jasmine Siu Lee Lam, Xu Ya, Jin Xin Cao, (2015), Modeling the 

Impacts of Tides and the Virtual Arrival Policy in Berth Allocation. Transportation Science (Impact 

Factor: 1.81). 02/2015; DOI: 10.1287/trsc.2014.0568  

Abstract: 

To quantify the impacts of tides on seaside operations in container ports, this study reformulates the berth allocation 

problem by modelling their impacts on the entrance/exit of vessels into/from ports. Furthermore, to mitigate the tidal 

impacts, we borrow the so-called “virtual arrival” policy, whose potential for reducing bunker fuel consumption and 

vessel emissions has already been widely recognized by the shipping industry, and accordingly retrofit the berth 

allocation model. In the latter model, the state-of-the-art technique of second-order cone programming is adopted to 

handle the nonlinear intractability involved. We conduct extensive numerical experiments to evaluate the impacts of 

tides on the seaside operations in a tidal container port, and also to verify the competence of the virtual arrival policy in 

delivering win-win economic and environmental benefits for both the port and shipping lines.  
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It is also intriguing to observe that the virtual arrival policy would be an applicable substitute for the costly approach of 

deepening the navigation channel in a tidal port.  

 

4. Xiaoming Shen, Ek Peng Chew, Loo Hay Lee, (2015), Policy model for liner shipping refueling and 

sailing speed optimization problem. Transportation Research Part E Logistics and Transportation Re-

view 04/2015; 76. DOI: 10.1016/j.tre.2014.12.001 

Abstract: 

This work expounds on implementing an effective dynamic policy to solve a liner shipping refueling and speed determi-

nation problem under both bunker prices and consumption uncertainties. While solving an optimization model which 

incorporates a continuous distribution is extremely challenging, we use sample average approximation method to solve 

it. However, the resulting problem is still a very large-scaled problem. Therefore, we propose two variations of the pro-

gressive hedging algorithm to tackle it. Numerical results show that our solution method is efficient and, in addition, our 

dynamic policy model has significant cost reduction potential compared to stationary models.  

 

5.  Giulia Pedrielli, Loo Hay Lee, Szu Hui Ng, (2015), Optimal bunkering contract in a buyer–seller sup-

ply chain under price and consumption uncertainty, Transportation Research Part E: Logistics and 

Transportation Review, Volume 77, May 2015, Pages 77-94, ISSN 1366-5545, 18 pages 

Abstract: 

Bunker fuel constitutes about three quarters of the operational costs for liners. A strong effort is justified to define opera-

tional conditions and management strategies to minimize fuel–related costs, especially if the variability of fuel price is 

considered. Fuel sellers and liners use contracts to be guaranteed a refuelling quantity and control bunker price. We pro-

pose a game theory based approach to examine and optimize the parameters of a realistic bunkering contract. Under the 

proposed settings, the supplier and the buyer establish the bunker quantity and the price to maximize the expected profit 

and minimize the expected refuelling cost, respectively.  

 

6. Zhang Liye, Wang Hua, Meng Qiang, (2015), Big Data Based Estimation for Ship Safety Distance 

Distribution in Port Waters [J]. Transportation Research Record: Journal of the Transportation Re-

search Board. 2015. (accepted) 

The water area of a large container port such as Singapore port has high ship traffic density due to continuously increas-

ing international seaborne, and behaviors of ships sailing in the port waters exhibit high diversity. Ships have to maintain 

a minimum safety distance when they move in and out of port waters in order to avoid ship collisions. This study aims to 

estimate the probability distributions for the ship safety distance using the big AIS data collected in Singapore port wa-

ters. We investigate thirty-six navigation scenarios classified by ship type and size, visibility (i.e., daytime and night), 

and ships’ moving direction (i.e., crossing, head-on and overtaking). The ship safety distances with different ship types 

and sizes are first examined by the non-parametric statistical tests. A tangible approach incorporating the maximum like-

lihood estimation (MLE) and Kolmogorov-Smirnov (K-S) test techniques is designed to determine the best fitted proba-

bility distribution with the parameters calibrated by the big AIS data for the ship safety distance. It is found that the 

lognormal and gamma distributions can well fit the ship safety distance in Singapore port waters based on the collected 

big AIS data. 

Journal Papers (with Abstracts) 
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Conference Papers (with Abstracts) 

1. Feiyang Zhao , Wenming Yang, Woei Wan Tan, Siaw Kiang Chou, Wenbin Yu, (2015), An Overall 

Ship Propulsion Model for Fuel Efficiency Study. The 7th International Conference on Applied Energy 

– ICAE2015, March 28 - 31, 2015, Abu Dhabi, United Arab Emirates. 

Abstract: 

An overall ship propulsion plant involving marine engine, propeller and ship dynamic model was presented in this work. 

The cycle mean value model was utilized to describe the operation process in engine dynamic, intake/exhaust and turbo-

charger system. The ship shafting system was modelled using the power balance and its efficiency. The predicted results 

of fuel consumption, engine delivered power and vessel speeds were tested with measured data under different engine 

response. The whole ship voyage model will be used to predict fuel consumption and exhaust emissions under different 

sailing conditions in further study. 

  

2. Pedrielli, G., Zhu, Y., and Lee, L.H., (2015), Single-Run Simulation Optimization through Time Dila-

tion and Optimal Computing Budget Allocation. The 10th conference on Stochastic Models of Manufac-

turing And Service Operations, June 1-6, 2015, Volos, Greece. 

Abstract: 

Simulation-Optimization has acquired an important role in the optimal configuration of stochastic manufacturing sys-

tems, where the different alternatives can be evaluated by means of a discrete event simulation. In order to improve the 

computational efficiency of this family of techniques in presence of finite budget, methods for simulation budget alloca-

tion have also been thoroughly investigated. Optimal Computing Bud-get Allocation (OCBA), with a number of its vari-

ants, has played a fundamental role as one of the most successful of  these  techniques.  However,  in  traditional  simula-

tion{optimization  methods  the  simulator  is treated  as  a  black  box  and  no  information  can  be  accessed  while  the  

simulation  is  running.  On  the  contrary, Time Dilation (TD) is a technique that allows dynamic allocation of computa-

tional e ort to a set of system configurations while the related simulation model is running. This allows to access a fairly 

larger amount of information, benefiting of the efficiency characterizing single-run optimization procedures. This work 

proposes a new procedure, TD-OCBA, which integrates TD and OCBA. In order to apply OCBA to single run optimiza-

tion, we rely on the concept of standardized time series. Numerical results are presented to show that TD-OCBA is a 

consistent and robust algorithm. An example over a job-shop system shows the improved performance over the tradition-

al TD. 
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1. Integrated bunker price predicting and bunker procurement planning for container liner shipping 

companies, by Researcher Mr. Wang Yadong(Track Leader: Associate Prof Meng Qiang) 

Seminar Abstract:  

Bunker procurement risk arising from the bunker price fluctuation has significantly affected stable operation of container 

liner shipping companies. To solve this dilemma, this research focuses on two aspects, i.e. bunker price predicting and 

bunker procurement planning. In the former aspect, a multivariate GARCH time series model is used to describe the 

integrating movement and relationship between hedging contract (i.e. swap) price and spot market price of bunker fuel. 

The regression results shows that the GARCH model gives a good representation of the corresponding prices movements 

and can be used for price predicting. In the latter aspect, this paper introduces a novel multi-stage bunker procurement 

decision process (MBPDP), in which the shipping company purchases bunker from both futures contracts and risky spot 

market instead of solely relying on the spot market to meet demand in each stage. The risk hedging effect lies in that the 

company can initialize futures contracts in the first stage and rebalance them in subsequent stages based on the up-to-

date bunker price information in the spot market. Based on the price prediction in the first step, this procurement process 

is then formulated as a mean-variance minimization model in terms of the procurement costs and is solved by a scenario 

tree based multi-stage stochastic programming approach. 

  

2. Large Scale Simulation Optimization with Additive Gaussian Process Models, by Researcher Dr. 

Yuan Jun (Track Leader: Associate Prof Ng Szu Hui) 

Seminar Abstract: 

Many computer models have been developed in Maritime industry to evaluate the behavior of real systems. For further 

simplification, Gaussian process model is often used as a metamodel to approximate the computer model. However, for 

large scale computer model, there are usually a large number of design points. With the obtained large dataset, the fitting 

of Gaussian process model becomes computationally expensive. Moreover, the response surface of the computer model 

may have global trend and local variation, while the variance of response is heterogeneous. In order to handle these 

difficulties, an additive Gaussian process model is proposed in this discussion to decompose the overall model to a 

global model and a local model. Based on the proposed additive model, a search algorithm is further provided for large 

scale simulation optimization. The accuracy of the additive Gaussian process model and the efficiency of the 

optimization algorithm are illustrated by numerical examples. 

 

3.  Present and Future Physical Features of Transarctic Shipping Routes, by Researcher Ms. Zhang 

Yiru (Track Leader: Associate Prof  Meng Qiang) 

Seminar Abstract: 

Physical features of transarctic shipping routes set the basics for the physical variability analysis in Arctic shipping 

project. In our project, we start from current situation of the three passages, and then focus on the natural conditions and 

infrastructure aspects along the routes. In the end, information are put together to suggest the future prospect of 

navigability of the routes. In this project, we will report some important facts and critical findings in the physical 

analysis. Thus, together with the previous presentations on commercial analysis (by me) and ice models (by Xu Min), 

we  complete the viability analysis for the project. 

CMS Research Seminars 
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4.  Using GIS, Systems Engineering, and Simulation-based Optimization for Analyzing Optimal Organ 

Allocation for Transplant, by Prof. Rajesh Ganesan (Track Leader: Associate Prof Lee Loo Hay) 

Seminar Abstract: 

In the USA, access to liver transplant is determined by the geographical organ allocation boundaries. The current 

allocation system involves a three-tier hierarchical boundary consisting of Organ Procurement Organization (OPO), the 

United Network for Organ Sharing (UNOS), and the National (i.e., USA) boundary. The search for a matching candidate 

when a liver is made available begins within OPOs and moves up to the UNOS and National levels. The current 

boundary-based allocation system gives rise to several issues such as geographical disparity in access, long system 

waiting times, liver wastages, high post-graft failure due to long transportation time of the liver, and prioritizing less 

severe candidates that live close to a transplant center over more needy ones from a farther distance. The paper 

investigates the conflict between attempts that reduce geographical disparity and those attempts that optimize the organ’s 

life, which in turn results in geographical disparity. To resolve the above conflict, the research presents a new candidate 

transport approach instead of a liver transport approach that addresses the above issues while maintaining the three-tier 

boundaries of the system. The new approach is the first in the sequence of research that focuses on transportation as one 

of the means to resolve the above conflict.  Discrete event simulation is used to automate the process of matching the 

liver to the neediest candidate. Results from the new approach indicate that the waiting time for the acute (status 1) 

candidates is reduced, post-graft success increased, and access was significantly improved for the neediest candidate. 

  

5.  eTSSO: Efficient Stochastic Optimization with kriging, by Researcher Dr. Pedrielli Giulia (Track 

Leader: Associate Prof Lee Loo Hay) 

Seminar Abstract: 

We propose eTSSO, a new algorithm based on the Modifed Nugget Effect Kriging (MNEK) model, which solves 

unconstrained stochastic simulation optimization problems with heterogeneous variances, when the total simulation 

budget is fixed, through a budget allocation followed by a two-stage sequential procedure. eTSSO improves on TSSO, a 

recently proposed kriging{based optimization algorithm, by dynamically increasing the budget at each iteration based on 

the information coming from the simulation experiments. This new feature mitigates the TSSO sensitivity to the 

parameter settings and increases its e effectiveness. The asymptotic behavior of this new algorithm is investigated 

empirically and theoretically. Specifically, we propose a novel framework for the study of convergence of kriging–based 

algorithms by generalizing the proof scheme in Pasupathy et al. (2014) to the class of meta–model based simulation 

optimization algorithm. In particular, the asymptotic and finite time performance of our recently proposed algorithm are 

analyzed under a different perspective, i.e., looking at meta–model based search as a recursion algorithm. Numerical 

examples give evidence of the algorithm performance against TSSO. 
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6.  Collision Avoidance System Development for Singapore Strait Based on Simulation Model, by 

Researcher Dr. Yang Jiasheng (Track Leader: Associate Prof Tan Woei Wan) 

Seminar Abstract:  

With the gradual growth of global trade, the volume of international seaborne transportation is increasing. As one of 

most important waterways in the world, Singapore Strait is becoming busier with higher traffic density. This makes 

navigation safety a critical issue. Especially, risk of collision in Singapore Strait could have a significant increase. The 
objective of this proposal is to develop a simulation-based collision avoidance decision tool for route plan and collision 

avoidance. Based on the relatively accurate estimation to ship maneuvering by physical model, it could better help crews 

in ship navigation to avoid collision in the complicated sea conditions. 

 

7. What’s Offshore Support Vessel (OSV)?, By Mr. Kuet Ee Yoon 

Seminar Abstract:  

This talk is a brief introduction on the type of OSV and their function in 4 phrases of offshore Oil & Gas industry 

operations. 

 

8. Dynamic vessel time management and speed optimization in stochastic weather conditions, By 

Researcher Dr. Yuan Zihong (Track Leader: Associate Prof Bressan Stephane) 

Seminar Abstract:  

The International Maritime Organization (IMO) identifies speed optimization as a key operational measure for energy 

efficiency and reduced emissions. Liner services have fixed port rotations and schedules. Their operators want to reduce 

bunker consumption while staying within the published schedules. Yet, the performance of vessels depends on 

increasingly uncertain weather conditions. 

We study the operational problem of dynamically determining a vessel's speed, departure time and arrival time at each 

port of call under dynamic and stochastic weather conditions. We model the minimization of cost, namely bunkering 

costs and early and delayed departure and arrival penalties, using calculus of variations. We propose an algorithm 

leveraging the Weierstrass-Erdmann condition. Numerical results show that our solution can provide an accurate 

numerical solution at lower cost than one obtained with a deterministic model. 

 

9.  Marine Engine Technologies for Higher Energy Efficiency and Emission Compliance, By Dr. Zhao 

Feiyang (Track Leader: Assistant Prof Yang Wenming) 

Seminar Abstract:  

Although shipping is already the most efficient form of bulk transportation, more pressure had been put forth towards the 

green shipping to limit environmental impact. IMO suggested three basic approaches: the enlargement of vessel size, the 

reduction of voyage speed, and the application of new technologies to comply with more stringent legislation. In this 

presentation, the benefit effects of these approaches were given in term of EEDI index which is further used as a 

mandatory technical measure for new ships. Admittedly, even for modern efficient diesel engine, only about 50% of the 

energy generated by fuel combustion being converted to mechanical energy, there are still a large amount of waste heat 

and about 25% is contained in the exhaust heat. This system is attracting much attention from ship-owners by helping 

meet even tighter EEDI requirements in terms of saving fuel consumed and reduction CO2 emissions.  
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10. Shipping log data driven dynamic trim optimization via a neural network model, By Dr. Du Yuquan 

(Track Leader: Associate Prof Meng Qiang) 

Seminar Abstract:  

In our recent collaboration with APL fuel efficiency team, we developed a neural network model for containership fuel 

efficiency which can quantify the influence of several factors, including speed, displacement, trim and weather/sea 

conditions, on ship fuel efficiency in voyage. One of the main contributions of this model is to reveal the quantitative 

influence of trim under different speed, displacement and weather/sea conditions. This model can be used to improve the 

current trim optimization procedure in shipping lines, since the available trim charts/tables cannot reflect the influence of 

weather/sea conditions on trim optimization. We also conducted some post-optimization on trim settings of two 

containerships via enumeration based on the shipping logs, and found that dynamic trim optimization with consideration 

of weather/sea conditions can further save 4.61% and 7.25% of bunker fuel for these two ships, compared to the static 

trim optimization. 

 

11. Optimal density of radial major roads in a two-dimensional monocentric city with endogenous 

residential distribution and housing prices, by Researcher Mr. Wang Yadong (Track Leader: Associate 

Prof Meng Qiang) 

Seminar Abstract:  

This paper proposes an analytical urban system equilibrium model for optimizing the density of radial major roads in a 

two-dimensional monocentric city. The proposed model involves four types of agents: local authorities, property 

developers, households and household workers (i.e. commuters). The local authorities aim to maximize the total social 

welfare of the urban system by determining the optimal density of radial major roads in the city. The property developers 

seek to determine the intensity of their capital investment in the land market to maximize the net profit generated from 

the housing supply. The households choose residential locations that maximize their utility within a budget constraint, 

and the commuters choose the radial major roads that minimize their individual costs of travel between home and 

workplace. A heuristic solution procedure is developed to find the urban system equilibrium solution. A system optimum 

model is also proposed to optimize the density of radial major roads that maximizes the social welfare of the urban 

system. The proposed model can endogenously determine household residential distribution and land values across the 

city, along with the housing market structure in terms of housing prices and space. Numerical comparative static 

analyses of congestion pricing and road infrastructure investment (adding a new radial major road) are carried out 

together with evaluation of the effects of the service level of radial major roads, urban population size, and household 

income level on the urban economy. 

 

12. VIABILITY OF TRANSARCTIC SHIPPING ROUTES: AN OVERVIEW, By Researcher Ms. 

Zhang Yiru (Track Leader: Associate Prof Meng Qiang) 

Seminar Abstract:  

The Arctic ice has been observed to be decreasing in terms of extent and thickness in all seasons due to global warming. 

The latest record lows in Arctic sea ice extent, together with ice model projections of additional ice reductions in the 

future, have fuelled speculations of new transarctic shipping routes to be operational soon.  
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While the media vigorously propagates the great potentials of these shipping routes, researchers have accessed the 

feasibility and impact of opening of transarctic shipping routes from various perspectives, including ice condition, 

regulatory encounters, economic viability and environmental challenges; and diverse and some polarized conclusions 

have emerged. One important consensus is that it is only a matter of time before new sea lanes will be viable; 

nonetheless, the challenges faced by the shipping industry are still overwhelming. This paper aims to critically review 

the studies that examine the necessary conditions and requirements that make the transarctic shipping routes sufficiently 

viable. We start from shipping operators’ perspective, and classify the studies into two aspects: navigation conditions 

and commercial features. These studies are analyzed and compared in depth. Finally, possible future research directions 

are put forward. 

 

13. Optimal density of radial major roads in a two-dimensional monocentric city with endogenous 

residential distribution and housing prices, by Researcher Dr. Yuan Jun (Track Leader: Associate Prof 

Ng Szu Hui) 

Seminar Abstract:  

Computer models are widely used to simulate complex real systems such as traffic simulation system. It is often 

important to calibrate the computer model before applying it to intended use such as prediction. However, calibration is 

usually a time consuming procedure, especially for models with many calibration parameters. In order to make the 

calibration of a computationally expensive model possible, it is generally required to select a suitable subset of 

parameters for calibration among huge number of calibration parameters. In this paper, the typical parameter selection 

methods, including the sensitivity analysis methods and regularization methods, are discussed. We further discuss the 

parameter selection methods for Gaussian process based metamodels and propose a regularization method to select 

calibration parameters based on Gaussian process metamodel. 
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