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Optimization of Early-phase Ship Design using Set-Based Design
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Abstract The system-based approach is needed to select an optimal mix of weapon systems and ship
platform among a variety of design alternatives with the uncertainties of the initial required operational
capability. In the early-phase design, which included a feasibility study and concept design, it is possible
to cause problems when a review of the operational concept, database development, and systematic
design are not done, thereby producing uncertain and unstable requirements. To select the best solution
without trial-and-error, the U.S. navy has applied the set-based method for the early-phase design of
a new ship-to-shore connector. The ship synthesis model plays an important role in applying the
set-based method, but only a few countries possess this model and have prohibited this model from
being transferred to other countries. This paper suggests a set-based method using a genetic algorithm
and decision-making theory through benchmarking existing ship data. The algorithm was verified using
the DDG-51 class ship synthesis model to optimize the weapon system design, which has been released

for research purposes.
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Fig. 1. Comparison of point-based design and
set-based design[1]
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Fig. 2. Set-based design process diagram for the
early-phase of the ship-to-shore connect[2]
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Fig. 3. Concept and requirements exploration process|3]
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Fig. 5. Ship synthesis model of DDG-51 destroyer
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Fig. 6. Sensors and weapons of DDG-51 destroyer
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Table 1. Optimal solutions generated from Pareto set

No. Emin | Vsmin Ve Wis Wt OMOE
89 5477 | 30.15 | 20.85 | 5,531 | 7,608 0.71
122 5,106 | 30.17 | 20.00 | 5498 | 8,180 0.71
123 5328 | 30.16 | 21.01 5,586 | 7,768 0.71
152 5,448 | 30.42 | 20.91 5532 | 7375 0.73
262 4,424 | 30.84 | 21.06 | 5451 7,201 0.71
281 5,049 | 30.85 | 21.11 5415 | 7,244 0.70
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Table 2. Pros and cons of proposed Korean SBD

process

- Allow easier decision making with an aid
of engineering support.
- Feel comfort with visual analytics (e.g.,

Pros figures, tables, relationships)
- Provide re-usability and flexibility of
summarized data
- Need much efforts to build reliable SSM
Cons | - Contain randomness within the set of design

candidates
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