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ABSTRACT

In this paper, the combination of Laplace loss function and Support Vector Regression (SVR) are presented for the estimation of manoeuvring performance in multidisciplinary ship design optimization, and it is named as Single-parameter Lagrangian Support Vector Regression (SPL-SVR) which has only one parameter to control the errors and adds b2/2 to the item of confidence interval at the same time. It is shown that the proposed SVR algorithm in conjunction with the Laplace loss function can estimate the ship manoeuvring performance appropriately compared to the simulation results with Napa software and other approximation methods such as Artificial Neural Network (ANN) and classic SVR. In this article, we also gather enough ship information about the offshore support vessel; the Latin Hypercube Design is employed to explore the design space and to sample data for covering the design space. Instead of requiring the evaluation of expensive simulation codes, we establish the metamedels of ship manoeuvring performance; all the numerical results show the effectiveness and practicability of the new approximation algorithms.
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1. Introduction
In real world ship design problems, there is often more than one area of element in the overall design; that is, there may be different disciplines that contribute to the ship design [1], such as structures, economics, or hydrodynamics. The disciplines may be studied with different software tools, or the disciplines may be investigated by different teams of engineers. Due to these complexities, the design problem cannot be formulated simply as a single optimization statement. Therefore, it is necessary to develop methods to address multidisciplinary design problems because they occur in real engineering designs. The goal of multidisciplinary design optimization (MDO) is to develop a method to coordinate different discipline optimizations, and achieve a design that optimizes all disciplines [2-4]. 
The development of new ship design technology is dependent upon a cooperative, multidisciplinary design approach. To reduce the computational cost of implementing computer-based simulations and analyses in ship design, a variety of metamodeling techniques have been developed[5-7], for instance Response surface model (RSM), kriging and ANN. Metamodel is a key element of the multidisciplinary design optimization (MDO). In this paper, a new simple and effective algorithm of Support Vector Machines is proposed and used to establish the alternative metamodels of ship manoeuvring in the Multidisciplinary Design optimization to provide the approximation of a design space.

2. Definition of Multidisciplinary Ship Design Optimization
  Along with the application of Multidisciplinary Design Optimization (MDO) in the ship design process, the usual analysis methods of ship performances such as ship resistance, seakeeping and manoeuvring performance become too time-consuming by the simulation codes to meet the need of optimization design. The authors have already performed some research in the ship multidisciplinary design optimization integrated with the ship resistance and ship seakeeping performance [8-10]; the calculation seemed to be expensive, time-consuming and not practical in use. 
  With the increasing complexity of ship design problems, it is increasingly difficult to calculate accurate ship performance in the process of multidisciplinary design optimization. In fact, it is necessary to discover simple and accurate metamodels to replace the specific simulation calculations in order to satisfy the growing needs of computation. Metamodel is a surrogate mathematical equation which is used to mimic the input–output relation of a complicated system. The main characteristic is that the performance results by metamodels are obtained much faster than any other simulations and numerical methods. The use of this technique to reduce the time cost which is spent on computational analyses is well known and obviously increases the design efficiency of the design process. The multidisciplinary ship design optimization in the preliminary stage is shown in Fig.1, which is conducted (using a typical iterative process) to determine fundamental parameters, such as length, breadth, depth, draft, power, or alternative sets of characteristics and all of these parameters meet the speed, cargo capacity and deadweight requirements.
  






Fig. 1 MDO process for the ship design optimization with metamodels 

Fig. 1 MDO process for the ship design optimization with metamodels 

3. Mathematical Model of SPL-SVR
  Accordingly, it is really important to improve the accuracy and robustness performance of metamodeling techniques especially when the sample size becomes small, limited and scarce. The Support Vector Machines (SVM) aims at the limited samples and has a good generalization performance as well as global optimal extremum which have been proved by many scholars [11]. In this paper, we will use a new support vector regression algorithm SPL-SVR which is proposed by authors in [12] to construct the implicit metamodels of ship manoeuvring performance as shown in red frame of Fig.1. The detailed description of this algorithm and its applications can be found in the author’s previous work [12]. Here, we will recall the mathematical theory of this algorithm for the reader convenience and it is named Single-parameter Lagrangian Support Vector Regression (SPL-SVR). The formula is list as follows:
Min 
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  Here, only one parameter 
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 to the item of confidence interval. Then, the formula (1) can be transformed into the dual optimization problem. A kernel function
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 is introduced into the formula, which can map the nonlinear high-dimensional design space into linear low-dimensional design space. In this article, we select a normal kernel function——Radial Basis Function (RBF) in use, 
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.A Lagrange function can be built and the dual optimization problem is shown as follows:
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  The above optimization problem can be stated as standard formulized quadratic programming. The dual problem can then be expressed as the following standard quadratic programming form.

    Min 
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  Thus, the estimation function is calculated as follows:
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  With this simpler algorithm, we can obtain the black box which describes the complicated mapping relation without knowing the connection between the dependent variables and independent variables. Therefore, this new algorithm is very well suited for the construction of ship manoeuvring approximation model in the multidisciplinary design optimization of ship hull forms in the preliminary and early-stage design.
4. Distribution of ship samples 

  Before constructing the metamodels of ship manoeuvring performance, we need to gather plenty of ship information and select the training ship data set. Here, we choose Latin Hypercube Designs as the method of design of experiments. The Latin Hypercube method chooses points to maximize distance between design points, but with a constraint. The constraint maintains the even spacing between factor levels. Some design parameters are decided to make the model simpler and computational feasible. At the same time, plenty of data about the offshore support vessels were gathered from many shipping companies and design institutions. The distributions of main principal characteristics are showed as Fig.2, in which the red points represent the 15 training ship data. 
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Fig. 2 Distribution of vessels' principal characteristics

5. Establishment of metamodels of ship manoeuvring performance

  As is well known, there are many variables which affect the ship manoeuvring performance. Here, we chose the length between perpendiculars, the breadth, depth, the design draught, the longitudinal centre of buoyancy, ship velocity and diameter of propeller as the design variables, and these seven parameters can show the geometrical characteristics of ship hull. Here, we use the standard Model-based calibration toolbox from commercial software Matlab to choose the 15 training data set with Latin Hypercube Design. Once the fixed parameters are established, the design variables are chosen and the 15 training ship data are listed in the Table 1. 
Table 1 The design variables of 15 training ship data
	Ship type
	Length
	Breadth
	Depth
	Draught
	Velocity
	Propeller
diameter
	Longitudinal centre 
of buoyancy
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	1
	116.6
	22.9
	9.9
	6.4
	14.5
	3.5
	53.42

	2
	113.0
	22.4
	11.8
	6.0
	14.5
	3.4
	57.25

	3
	98.4
	26.3
	9.6
	6.4
	14.5
	3.2
	55.48

	4
	102.1
	23.7
	10.7
	6.9
	14.5
	3.5
	48.31

	5
	107.5
	25.4
	11.6
	6.2
	14.5
	3.7
	50.13

	6
	105.7
	22.0
	11.4
	6.3
	14.5
	3.3
	52.78

	7
	120.3
	24.6
	10.3
	6.8
	14.5
	3.4
	51.90

	8
	109.4
	25.0
	10.5
	6.5
	14.5
	3.7
	59.06

	9
	96.6
	25.0
	10.5
	6.1
	14.5
	3.5
	53.71

	10
	111.2
	27.6
	9.4
	6.6
	14.5
	3.3
	47.43

	11
	109.4
	24.1
	9.2
	6.7
	14.5
	3.6
	54.60

	12
	114.8
	25.9
	10.1
	6.1
	14.5
	3.6
	53.49

	13
	118.5
	23.3
	11.1
	6.5
	14.5
	3.3
	56.36

	14
	103.9
	27.1
	9.0
	6.9
	14.5
	3.5
	58.18

	15
	100.2
	26.7
	10.9
	6.6
	14.5
	3.7
	51.01


  Before establishing the metamodels of seakeeping performance in Multidisciplinary Ship Design Optimization, we should first decide the calculation method for the ship manoeuvring performance of offshore support vessel. As the objective of this article is to develop a practical approximation models of ship manoeuvring performance in the hydrodynamic-based multidisciplinary design optimization of an offshore support vessel at the early design stage, a practical calculation tool, based on the MMG（Ship Manoeuvring Mathematical Model Group) Model called Manoeuvring Manager from the commercial software NAPA, is used to compute the manoeuvring criteria. The ship hull of one training ship is shown in Fig.3. 
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Fig. 3 Transverse section and 3D lay-out of ship hull 
  The coordinate systems used in the manoeuvring calculations are as follows: for all input data of manoeuvring devices and hydrostatics etc, the normal NAPA coordinates are used with X axis starting from the aft perpendicular and the positive Y coordinate to port for the default right handed coordinates; maneuvering derivatives are defined in the manoeuvring coordinate system fixed to midship; all results for location, velocities etc., are presented in the manoeuvring coordinate system fixed to the centre of gravity. These coordinate systems and rotations in NAPA are shown in Fig. 4. The simulation of turning circle manoeuvre is shown in Fig.5; the simulations of Zigzag tests are shown in Fig.6 and Fig.7.
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Fig.4 System of coordinates in NAPA
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Fig. 5 The simulation of turning circle manoeuvre
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Fig. 6 The simulation of Zigzag test 10°/10°
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Fig.7 The simulation of Zigzag test 20°/20°
  The International Maritime Organisation (IMO) proposed criteria for parameters derived from the standard manoeuvres. These criteria, described in IMO Resolution A.751 (18) (1993) [14], are commonly used to judge the manoeuvring characteristics of a vessel. Here we choose advance, tactical diameter, transfer, 10°/10° first overshoot angle and 20°/20° first overshoot angle as manoeuvring criteria to evaluate the performance for the offshore support vessel. These calculated manoeuvring criteria of 15 ship types are listed in Table2. 
  Using these calculated values of manoeuvring criteria, it is possible to establish metamodels of manoeuvring performance of offshore support vessels in the multidisciplinary ship design optimization which is shown in Fig.1. Without running expensive model tests or time consuming CFD calculations, the benchmarking methodology presented in this article can be used to do the job in the preliminary ship design stage. Here, the programs are written in Matlab and the metamodels are constructed of ship manoeuvring performance basing on the proposed Support Vector Regression algorithm. 

  At first, the 15 ship types created with DOE method are selected as training data set and also as test data set. The variables chosen are the length between perpendiculars, the breadth, depth, the design draught, ship velocity, propeller diameter and longitudinal centre of buoyancy as the design variables, and the ship advance, tactical diameter, transfer, 10°/10° first overshoot angle and 20°/20° first overshoot angle as output variables. The calculation results were compared with Manoeuvring Manager, ANN and classic SVR which were shown as Fig.8. Then similarly, ship types 1 to 10 were selected as training data set and ship types 11 to 15 as test data set. The results were shown as Fig.9.

Table 2 Calculated manoeuvring criteria of 15 training ship data

	Ship type
	Advance
	Tactical diameter
	Transfer
	10°/10° first overshoot angle
	20°/20° first overshoot angle

	1
	390.0
	368.5
	172.9
	11.5
	16.9

	2
	235.8
	246.6
	96.2
	10.2
	19.9

	3
	197.7
	188.3
	53.9
	11.5
	21.1

	4
	205.3
	196.6
	63.6
	11.4
	20.9

	5
	219.6
	209.2
	65.6
	12.0
	20.5

	6
	215.8
	207.5
	70.9
	9.5
	17.6

	7
	237.5
	231.8
	77.1
	10.7
	17.4

	8
	223.9
	214.4
	69.8
	11.2
	19.6

	9
	195.4
	183.5
	54.9
	11.4
	21.0

	10
	229.6
	219.0
	69.6
	11.3
	22.5

	11
	244.8
	232.3
	80.6
	8.5
	14.4

	12
	240.1
	227.4
	76.7
	11.3
	18.4

	13
	247.1
	241.2
	87.3
	9.0
	18.0

	14
	208.8
	201.3
	59.1
	12.0
	21.6

	15
	202.0
	193.0
	56.2
	11.7
	20.1


  Considering the above two kinds of circumstances, the proposed SPL-SVR algorithm shows a good approximation and prediction performance. The maximum relative error comparing to the result of Manoeuvring Manager is 2.6%, the minimum relative error is 0.3% and the total Mean Squared Error is 1.3% when using 15 ship types as test data. The maximum relative error is 4.7%, the minimum relative error is 2.5% and the total Mean Squared Error is 3.8% when using 5 ship types as test data. Obviously, if the training ships data set, the kernel parameters and the calculation method for manoeuvring are chosen properly, we can use these metamodels to calculate the ship manoeuvring performance instead of CFD simulations and model tests in the preliminary ship design stage and also can obtain high fitting precision calculation result of manoeuvring performance in the time-consuming multidisciplinary ship design optimization.
  6. Conclusions

  The assessment of ship manoeuvring performance is studied in this paper including advance, tactical diameter, transfer, 10°/10° first overshoot angle and 20°/20° first overshoot angle. The metamodels for manoeuvring performance established by a new SPL-SVR algorithm in conjunction with LHS are employed in place of expensive simulation and analysis codes and these metamodels can be used to evaluate the ship manoeuvring performance efficiently at preliminary design stages of offshore support vessel. Without using computationally expensive methods such as CFD or model tests, the main advantage of this methodology is that it can provide detailed and realistic operational profiles of ship designs at an early stage of the design process.
  As part of the future work, metamodels of ship resistance, seakeeping and manoeuvring can be combined in the framework of Multidisciplinary Design Optimization to improve its convergence efficiency. Multidisciplinary and multiobjective optimisation design problems widely exist in the field of ship design, development of effective optimization framework for multidisciplinary 
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(d) 10°/10° first overshoot angle      (e) 20°/20° first overshoot angle
Fig.8 Approximation results of manoeuvring for ship type 1 to 15 
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(d) 10°/10° first overshoot angle      (e) 20°/20° first overshoot angle
Fig.9 Approximation results of manoeuvring for ship type 11 to 15 

and multi-objective problems can be also considered as a future research direction. Additionally, uncertainties widely exist in the field of ship design optimization, the effects of uncertainty in the disciplinary calculations of complex design simulation models are considered. It is important to consider the impact of these uncertainties during the optimization and the decision –making process. 
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