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Maritime vehicle routing and scheduling problem has been studied extensively in the 

context of risk mitigation. This study discusses about two maritime vehicle routing 

problems and its mathematical frameworks considering environmental uncertainty.  

The first problem considers to mitigate weather impacts to LNG production-inventory 

planning and LNG carriers’ routes scheduling. This problem is formulated to two 

optimization models: a two-stage stochastic mixed integer programming model and a 

parametric optimization model. The first one maximizes the overall expected revenue 

while minimizing disruption cost which resulting from extreme weathers. The second 

one, a parametric optimization model attempts to reflect decision maker's preference on 

risks by varying the ratio of revenue to on-time delivery. Therefore, a decision maker can 

have a 'what-if analysis' to compare multiple options for the final planning decision. 

Stochastic production-inventory control constraints set is also developed which 

synchronizes production-inventory plan and LNG carrier routing schedule under weather 

disruption. 

 

Fig. 1 A random extreme weather impacts to LNG production-inventory plan and LNG carrier 
routing schedule 
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 The Second one, offshore pipeline damage assessment problem is to minimize overall 

inspection time by using multiple autonomous underwater vehicles (AUVs). In order to 

collect how/what might have caused pipeline damages by a weather disruption, multiple 

AUVs are pre-positioned at some selected underwater locations before the beginning of 

the extreme weather. Once the weather clears up, the pre-deployed AUVs start pipeline 

damage assessment. This problem is formulated as a two-phased multiple AUVs pre-

positioning and routing model. The first phase problem is to determine optimum AUVs' 

pre-positioning locations considering maximum AUV operating distance and random 

weather impact. In the second phase, AUV paths are generated to scan the designated 

offshore pipeline networks while minimizing operating cost proportional to the number of 

pre-deployed AUVs. 

 

Fig. 2 Offshore pipeline network damage assessment over a planning horizon 

As both models are NP-hard problems, we developed computational techniques, such 

as pre-processing algorithms, valid inequalities, and also utilized Lagrangian relaxation to 

generate a tighter bound for the objective functions. We presented computational results 

of both models which showing that a stochastic approach outperforms its deterministic 

counterparts, and analyzed the effectiveness of computational options. 

 

 

 

I-25 



Proceedings                                                                                        THC-IT-2016 Conference & Exhibition 

References 

1. Grønhaug, R., & Christiansen, M. (2009). Supply chain optimization for the liquefied 

natural gas business. In Innovations in distribution logistics (pp. 195-218). 

Springer Berlin Heidelberg.  

2. Andersson, H., Christiansen, M., & Fagerholt, K. (2010). Transportation planning and 

inventory management in the LNG supply chain. In Energy, natural resources 

and environmental economics (pp. 427-439). Springer Berlin Heidelberg.  

3. Rakke, J. G., Stålhane, M., Moe, C. R., Christiansen, M., Andersson, H., Fagerholt, K., 

& Norstad, I. (2011). A rolling horizon heuristic for creating a liquefied natural 

gas annual delivery program. Transportation Research Part C: Emerging 

Technologies, 19(5), 896-911.  

4. Cho, J., J Lim, G., Biobaku, T., Bora, S., & Parsaei, H. (2014). Liquefied Natural Gas 

Ship Route Planning Model Considering Market Trend Change.Transactions on 

Maritime Science, 3(02), 119-130.  

5. Biobaku, T., Lim, G., Cho, J., Parsaei, H., & Kim, S. (2015). Liquefied Natural Gas 

Ship Route Planning: A Risk Analysis Approach. Procedia Manufacturing, 3, 

1319-1326.  

6. Warren, C. W. (1990). A technique for autonomous underwater vehicle route planning. 

IEEE Journal of Oceanic Engineering, 15(3), 199-204.  

7. Garau, B., Bonet, M., Alvarez, A., Ruiz, S., & Pascual, A. (2014). Path planning for 

autonomous underwater vehicles in realistic oceanic current fields: Application to 

gliders in the western mediterranean sea. Journal of Maritime Research, 6(2), 5-

22.  

8. Petres, C., Pailhas, Y., Patron, P., Petillot, Y., Evans, J., & Lane, D. (2007). Path 

planning for autonomous underwater vehicles. IEEE Transactions on Robotics, 

23(2), 331-341.  

I-26 



Proceedings                                                                                        THC-IT-2016 Conference & Exhibition 

9. Zhu, D., Huang, H., & Yang, S. X. (2013). Dynamic task assignment and path 

planning of multi-AUV system based on an improved self-organizing map and 

velocity synthesis method in three-dimensional underwater workspace. IEEE 

Transactions on Cybernetics, 43(2), 504- 514.  

I-27 


