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ABSTRACT: The accident risks in the marine environment are increasing because of the tendency to build faster and larger ships. To secure ship
safety, risk-based ship design (RBSD) was recently suggested based on a formal safety assessment (FSA). In the process of RBSD, a ship designer
decides which risk reduction option is most cost-effective in the design stage using a cost-benefit analysis (CBA). There are three dimensions of risk in
this CBA: fatality, environment, and asset. In this paper, we present an approach to estimate the environmental costs based on the size of an oil
tanker involved in an accident using a neural network. An appropriate neural network model is suggested for the estimation,and the neural network
is trained using IOPCF data. Finally,the learned neural network is compared with the cost regression equation by IMO MEPC 62/WP.13 (2011).
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Fig. 1 Environmental costs according to oil spill size
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Fig. 2 Process of neural network
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Table 1 Input/output for neural network
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Total costs in
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Table 2 Training cases of neural network
Number of One Two Three
hidden layers 1st. |1st.  2nd. | 1st.  2nd. 3rd.
515 1,369
616 1369 3 1,3691369
Number of 7 | 7 1,3,6,9
neurons 8 18 1,369 6 13691369
919 1,369
1010 1.3 6 9 9 1,3691369
Cases 5 20 64
Total cases 89

Table 3 The result of changes in learning factor
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Table 5 The comparison of estimation with real data. [Unit : US
$(million)]
Error
Data for Real data IMO Error
L NN (IMO
validation (IOPCF) formula (NN)
formula)
1 115.84 53.67 167.21 6217  51.37
2 366.33 16.11 155.15 350.22 211.18
3 32.75 839 5510 2436 2235
4 15.04 2.68 623 1235 8.80
5 29.99 1.53 6.49 28.46 23.50

* Neutral network
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Table 4 Neural network parameters in the best estimation case reduction [ton] [ ] [ ]

Learning factor 0.5 1 170 2,054,806 313,361 1

Ist. 2 4 39,171 7,320 3

Number of neurons in hidden layer 2nd. 3 45 295,449 82,499 2

3rd. 4 4 39,171 7,320 3
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