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Manufacturing of complex surface plates in stern and stem is a major factor in cost of a 

preliminary ship design by computing process. If these hull plate parts are effectively classified, 

it helps to compute the processing cost and find the way to cut-down the processing cost. This 

paper presents a new method to classify surface plates effectively in the preliminary ship design 

using neural network. A neural-network-based ship hull plate classification program was 

developed and tested for the automatic classification of ship design. The input variables are 

regarded as Gaussian curvature distributions on the plate. Various applicable rules of network 

topology are applied in the ship design. In automation of hull plate classification, two different 

numbers of input variables are used. By observing the results of the proposed method, the 

effectiveness of the proposed method is discussed. As a result, high prediction rate was achieved 

in the ship design. Accordingly, to the initial design stage, the ship hull plate classification 

program can be used to predict the ship production cost. And the proposed method will 

contribute to reduce the production cost of ship. 
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1. I n t r o d u c t i o n  

Since a matter determined at the initial design 

stage affects widely the entire life cycle of ship, the 

initial stage of ship design is very important in the 

entire process of ship production. In the initial 

design, whole directions and qualities of design 

that include fundamental properties are decided 

and affect directly productivity in following con- 

struction work. In particular, it requires a broad 
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knowledge of skilled designer to determine many 

elements for the generation of hull form. Recently, 

the design trend is interactive information flow 

rather than one-sided information flow. Accord- 

ingly, the efficiency improvement of initial design 

is a key role for raising the engineering technolo- 

gy of the shipyard in general. In the initial design, 

the main decision uses soft information. Soft in- 

formation means the information that would be 

used at decision process, which is based on a 

judgment or an experience of designer. In the con- 

trary, hard information means the information 

based on a scientific or engineering calculation. 

When design step and decision making proceed, 

the degrees of design freedom decrease and the 

knowledge of ship as a subject of design increase. 

Concurrently, the inlbrmation used ot each design 

stage changes gradually from soft information to 



1924 Soo-  Young Kim, Byung Young Moon and Duk Eun Kim 

hard information. If a portion of  hard informa- 

tion is raised at the initial stage of ship design, the 

whole design efficiency will be improved. 

In general, there are several methods to raise a 

portion of hard information in the initial ship 

design. One of those is to use the existed data that 

had been accumulated and arranged for a long 

time. Design engineers who work for a shipyard 

have accumulated and arranged the data to utilize 

for past several decades. This data involve a ship 

designer's experience and design knowledge. If 

these data are utilized in ship design, it will be a 

great help in ship engineering. It can be said that 

the ship design is a process satisfying decision 

based system. From this stand point, it is impor- 

tant how promptly and accurately those support 

in designers making decisions. At the initial stage, 

general directions of ship design are determined 

such for dimensions, hull form, and basic per- 

formance of a ship. 
The main decisions of design which are made at 

the initial stages are based on the designer's own 

judgment and experience. These judgment and 

experience should be organized from the decision 

support system by using the artificial intelligence 

(Stuart and Peter, 1995). 
There are various artificial intelligence techni- 

ques such as fuzzy logic, neural network and 

colony optimization, etc (Mamdani and Assilian, 

1975). The artificial intelligence techniques are 

adopted in many research areas for generaliz- 

ation, pattern recognition, pattern classification 

and modeling of linguistic knowledge (Valluru 

and Hayagriva, 1993). 

However, there have been little studies reported 

in ship design fields by applying artificial intelli- 

gence. Therefore, this study proposes a method by 

applying artificial intelligence to the preliminary 

ship design. A neural network as one of artificial 

intelligence technique is applied for the design 

technique (Rosenblatt, 1958 ; Shar and Palmieri, 

1990). In order to apply artificial intelligence to 

the preliminary ship design, several cases which 
are typical ship design activities are tried to the 

initial stage. 
On the other hand, the neural network can be 

learned by changing weights of individual input 

signals (Marenn e t a l . ,  1990). The neural net- 

work, which was once learned can memorize 

input data whether they have errors or is similar 

(Laurene, 1994). Therefore, the selection of input 

data that represent accurately the feature and 

exact objective patterns is an important point use 

of a neural network. Generally, the hull plates of 

ship can be classified into four types, in the flat, 

first surface, second surface and third surface 

according to the shape of curvature. The infor- 

mation of  these plates distribution in the ship hull 

is an important factor in predicting of ship pro- 

duction costs. For  input data in design, the geo- 

metric property of ship hull and classification 

results of a ship hull in accordance with 

experiences in a shipbuilding yard are adopted as 

objective patterns. Hwangbo et al.(2000) con- 

sidered an angle in a ship hull at each point. Kim 

(1991) considered curvatures to represent the 

geometric property of a ship hull. 

Nevertheless, the classification results using 

those geometric properties of ship hull could not 

show properly. It needs alternatives for more clear 

classification. Thus, Gaussian curvature distribu- 

tion is considered for the geometric property in 

this study. The Gaussian curvature points are 

considered as input patterns. Then classification 

results are obtained as an objeGtive pattern. This 

study investigated that the ship hull is possible to 

be classified effectively by applying the pattern 

classification to the ship design. 

2. Modeling of the Ship Shope 

Generally, the curvature of stern and stem of 

ship hull changes extremely. For  the effective and 

exact modeling of such curvature of stern and 

stem, it requires a variety of topological surface 

patchs as well as rectangular patchs. For  the pro- 

per expression of such curvature, Gregory patch 

is known as adequate surface for it (Choi, 1991). 

Gregory surface can be expressed with the rec- 

tangular curvature patch basically and with the 
non rectangular curvature patch such as trian- 

gular or pentagonal patches. By applying the 
Gregory surl:ace characteristics, a ship surface 

of tank carrier is modeled where the principal 
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Table 1 Principal dimension 

Ship dimension Type of ship Tanker carrier 

Length L.O.A 271.000 m 
Length L.B. P 260.000 m 
Breadth (Moulded) 45.200 m 

Depth (Moulded) 20.200 m 
Draft (Designed) 15.100 m 
Bilge Radius 2.000 m 

( 

Fig. 1 The modeling of ship 

Table 2 Classification of ship hull plates 

Surface 
Criteria 

type 

No curvature in any direction, side 
Planar 

and bottom plate of parallel mid body 
plane 

of ship 

1 st surface Only one directional curvature 
Mainly press, roller bending machine 

2 nd surface Only two directional curvatures, Line 
heating 

Two directional curvature and torsion 
3 rd surface to one axis, bulb at a stem and stern 

among ship hull plate 

dimension of  the ship is described in Table  1. Fig. 

1 shows a shape of  the ship generated by the 

Gregory  surface modeling.  In table, the ship is a 

general tanker carrier. The length of  all (L.O.A) 

is 271.000m where the length between per- 

pendiculars (L.B.P) is 260.000 m. The moulded  

breadth which does not  contain the hull  plate 

thickness is 45.200 m. The moulded depth which 

does not  contain the hull  plate thickness is 

20.200m. The designed draft of  the ship is 

15.100 m. The bilge radius in center of  the ship is 

2.000 m. 
Fig. 2 

) 

Curvature of a parametric surface at plane P 

2.1 Methodology of ship hull modeling for 
classif ication 

Current ly  in shipyard, the hull  surfaces of  ship 

are classified into planar  plane, first surface, 

second surface and third surface according to 

the shape of  surface and required manufactur ing 

curvature. And  the necessary surface processing 

works are divided into classes in their shapes, 

as classified in Table  2 by the experience of  

engineer. 

The curvature o f  a parametric  surface of  plane 

is depicted in Fig. 2. By considering a planar  

plane ~r with a normal  vector 7~ of  an arbitrary 

curved surface P(u ,  v) at a point  P(uo, Vo), a 
planar  plane zc revolves around a normal  vector 

h, and then an intersecting curve is generated 

between a curved surface P(u ,  v) and a planar  

plane ~r, as shown in Fig. 1. This intersecting 

curve's shape on a surface P ( u ,  v) depends on 

a revolving direct ion of  a planar  plane ~r as 

explained in Fig. 2. Accord ing  to a revolut ion of  

a planar  plane, a curvature of  an intersecting 

curve at a point  P (uo ,  v0) changes by rotation. 

And  the maximum curvature  and the min imum 

curvature are called the principal  curvatures. 

The Gaussian curvature at a point  is the pro-  

duct of  the max imum curvature mult ipl ied by the 

min imum curvature. Also,  the mean curvature is 

a mean of  the sum of  the max imum curvature  

and the min imum curvature. Thereby, those two 

values can be used as property characteristics 

values of  local shape (Rogers and Adams,  1990). 

An  arbitrary point  on the curved surface can be 

classified according to the Gaussian curvature,  

as shown in Fig. 3. If  a curvature on a surface is 

zero at all points, it can be said that this surface 

is developable.  In other words, a surface like this 

can be laid out  on the planar  plane. Consequent-  

ly, the Gaussian curvature can represent local 

property characteristics of  a surface (Ye, 1994). 
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Table 3 Classification of surface type on the basis of the sign of the Gaussian and mean curvatures 

Mean 
Curvature 

H<O 

H=O 

K<0  

Hyperbolic point 

H>O 

Engti~ 
K>O point 

Gaussian Curvature 

K = 0  K>0  

Convex parabolic point Convex elliptic point 

Planar point 

Concave parabolic point Concave elliptic point 

K<O 

K=O 
/ J /  

HyperboLic 
point 

Cyt~. ~ a  
point 

Fig. 3 Classification of surface points by the sign of 

Gaussian curvature 

Correlations between Gaussian curvature and 

the mean curvature are described in Table 3. In 

table, K and H stand for the Gaussian curvature 

and mean curvatures, respectively. Classification 

of surface type in ship hull is carried out. The 

Gaussian curvature distributions are obtained, 

which corresponds to the shape of a typical first 

curved surface, second curved surface and third 

curved surface. 

The Gaussian curvature distribution by the 

shape of a typical hull surface is represented in 

Fig. 3. Figures 4(a),  (b), (c) show the Gaussian 

curvature distributions of a typical first, second 

and third surface, respectively. As can be observ- 

ed easily from the figures, the Gaussian curvature 

is nearly zero in case of first surface. On the 

contrary, the Gaussian curvature have various 

values in case of second, third surface. Especially, 

in case of third surface, Gaussian curvature dis- 

tribution is very complicated. 

(a) 1st surface 

(b) 2nd surface 

Fig. 4 

(c) 3rd surface 

Gaussian curvature distributions of corre- 
sponding surface 

2.2 Application of neural networks to au- 
tomatic surface classif ication 

The structure of neural network is shown in 

Fig. 5, which is applied to automatic classific- 

ation of ship hull surface. In this neural network 
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structure, unit neurons are connected to com- 

pose network each other (Freeman and Skapura, 

1991). As described in Fig. 5, the connected 

cluster of neurons in horizontal is called layer. 

The neurons in the same layer perform the same 

work functionally, which become a basic unit of 

parallel and simultaneous action in neural net- 

work. Input layer receives data from outside and 

output layer generate data to outside. Hidden 

layer locates between input layer and output 

layer. In general, there has been no criterion to 

classify the various surfaces in shipyards. More- 

over, it is hard to classify automatically the arbi- 

trary surfaces. 

In order to solve such classification problem, 

the pattern classification of neural network is 

applied in this study. In neural networks, trai- 

ning is accomplished by presenting a sequence of 

training patterns by changing the each weighted 

input pattern for the associated target against the 

repeated input data. Accordingly, an efficient 

neural network requires appropriate input pat- 

Output neuron 

Output layer 

plar 
\ 

Hidden layer 

Fig. 5 

Input layer 

Input neuron 

Structure of neural network 

Sl~ion t.~e 

Fig. 6 Input patterns for neural network 

terns and target output patterns. 

In addition, the Gaussian curvature is used to 

deal with the shape of a hull surface in this study. 

It is effective to use the Gaussian curvatures of 

surface for input pattern and surface classification 

of ship design in shipyard. As input pattern, the 

surfaces are subdivided vaiformly in the length 

and width directions, as shown in Fig. 6. In other 

words, the total number of Gaussian curvature 

values is 36(6×6) ,  and an which is divided into 

5 intervals. And the total number of Gaussian 

curvature value is 121 ( l l X l l ) ,  which are divid- 

ed into l0 intervals. Those values of Gaussian 

curvatures at the intersection points are used for 

input pattern, as shown in Fig. 6. 

Target patterns use the result of classification 

of first, second and third surface based on the 

shell expansion. A neural network is to be trained 

with representative I 1 training patterns which are 

obtained from first, second and third curved sur- 

face. 

3. Result of Analysis Using the Neural  
Networks 

3.1 Training result 

An experiment is carried out to find which net 

architecture is most efficient in cases of change 

in input patterns and hidden layer. The properties 

of experiment for the design are described in 

Table 4. As described in table, three cases are 

considered in experiment, such as case 1, case 2 

and case 3. 

First different numbers of input variables are 

considered in case 1 where the hull is divided 

into 36(6×6) and 121(11×11). In second, dif- 

ferent numbers of neurons with one hidden layer 

are considered in case 2 where the numbers of 

neurons of hidden layer are divided into 50 and 

72. In third, different numbers of hidden layer are 

considered in case 3 where the numbers of hidden 

layer are divided into 1 and 2. The training is 

carried out in order to investigate how the num- 

ber of hidden layer affects neural networks. 

(A) Case 1 

In this case, different numbers of input vari- 
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ables are considered.  In o ther  words,  the input  

var iables  of  the hul l  are divided into 3 6 ( 6 × 6 )  

and 121 (11 X 11). At  this time, the h idden  layer 

is fixed as one. The  t ra in ing  results of  neura l  

ne tworks  are described in Tab le  5 where the 

cycle s tands for the t ra in ing  cycle. A n d  the num- 

bers of  correct  answers in t r a in ing  data  are given 

below the 1st, 2nd and  3rd surfaces. W h e n  the 

t ra in ing  is carr ied out  wi th in  the er ror  0.01 with 

36 inpu t  var iables  and  50 neurons  in h idden  

layer, the result  is ob ta ined  in 31, 312 t ra in ing  

cycles. And  the neura l  ne twork  predicted the 

correct  answers  of  the 1st, 2nd and  3rd curved 

surface as 11, 9, 11 number s  so tha t  the correc- 

tness is 93.9%. It can be observed from the Tab le  

5 tha t  i f  the numbers  of  input  var iables  are in- 

creased, then neural  ne twork  per form becomes 

more  efficient because more  in fo rmat ion  is given 

to net architecture.  Hence, the predic t ion  rate be- 

comes close to the correct  one. A n d  the t ra in ing  

cycle for the predic t ion  become smaller.  

(B) Case 2 

In this  case, different n e u r o n  numbers  of  of 

h idden  layer with  one h i d d e n  layer are consi- 

dered. Namely ,  the  numbers  of  neurons  of  h idden  

layer are divided into 50 and 72. The  t ra in ing  

results of  neura l  ne tworks  are descr ibed in Table  

6. As can  be observed in Tab le  6 tha t  it doesn ' t  

affect the  correct  per formance  of  neura l  ne tworks  

in classif icat ion of  hul l ,  even if  the numbers  of  

neurons  in h idden  layer are increased. Never the-  

less, the t ra in ing  cycle for the correct  predic t ion  

rate becomes faster due to the increase of  numbers  

T a b l e  4 Design of experiment 

Case 
No. of 

input variable 

No. of 
hidden layer 

1 121 
1 

36 1 

36 J 1 
2 

36 1 

36 2 
3 

36 1 

T a b l e  5 The training result of neural network 

No. of neuron in hidden layer 

1st hidden layer 2nd hidden layer 

50 * 

50 * 

72 • 

50 ° 

50 20 

50 • 

Input variable : 36 
Hidden layer : 1 

No. of neuron in hidden layer : 50 
Cycle: 31,312 

1st surface 2nd surface 3rd surface 
Correct 
answer 

11 9 11 93.9% 

Input variable : 121 

Hidden layer : 1 
No. of neuron in hidden layer : 50 

Cycle : 18,228 

Correct 
1st surface 2nd surface 3rd surface 

answer 

10 11 11 97.0~o 

T a b l e  6 Training result of neural network 

Input variable : 36 
Hidden layer : 1 

No. of neuron in hidden layer : 72 
Cycle : 26,595 

Input variable : 36 
Hidden layer: 1 

No. of neuron in hidden layer : 50 
Cycle : 31,312 

1st surface 2nd surface 3rd surface Correct 1st surface 2nd surface 3rd surface Correct 
answer answer 

11 9 11 93.9% 11 9 11 93.9% 



Optimum Design of Ship Design System Using Neural Network Method in Initial Design of Hull Plate 1929 

of neurons  in h idden  layer, such as 26,595 cycles. 

(C) Case 3 

In this  case, different numbers  of h idden  layer 

are considered.  Namely ,  the numbers  of  h idden  

layer are divided into two k inds  of  h idden  layers 

such as 1 and  2. One h idden  layer has 50 neurons  

and the o ther  h idden  layer has  20 neurons  in 

first, 50 neurons  in second. The  t ra in ing  results of 

neura l  ne tworks  are descr ibed in Table  7. As can 

be observed from the table,  when  h idden  layer is 

single, neura l  ne tworks  show the  correct  predic- 

t ion  rate more  efficiently such as 93.9%. However ,  

s ingle- layer  nets takes more  cycles than  two hid- 

den layers f rom the s t andpo in t  of  the t ra in ing  

cycle. The  correct  predic t ion  rate in two h idden  

layers shows lower than  s ingle- layer  nets. Never- 

theless, it can be said tha t  if h idden  layer is in- 

creased, then the neura l  ne twork  can classify more  

compl ica ted  pat terns  of  ship hu l l  surface quickly 

with the a lmost  same level of  correct  answer  rate 

than  single layer net. 

3.2 Test  result  of  non-trained hull surfaces  

Using  the neura l  ne tworks  learned above,  n o n -  

t ra ined hul l  surface is tr ied to be classified and  the 

predic t ion rate is compared.  At  this t ime for the 

predict ion,  ten test input  data  are prepared  for 

three k inds  of  ship hull .  The  test results of  neura l  

ne twork  are described in Tables  8 and  9. As can 

be observed from the tables, the test results stated 

in Tab le  8 show similar  t rend with the t ra in ing  

results. The  case of  two h i d d e n  layers wi th  many  

input  var iables  (121) shows more  efficient neural  

networks  in surface classification. The  correct  

answer  rate is 96.6~o. As a result, it can be con-  

c luded that  the ship hul l  is possible to be classi- 

fied effectively by apply ing  the neura l  ne twork  

Table 7 Training result of neural network 

Input variable:  36 Input variable:  36 
Hidden layer : 2 Hidden layer : 1 

No. of neuron in hidden layer : 20, 50 No. of neuron in hidden layer : 50 
Cycle 10,445 Cycle : 31,312 

Correct Correct 
1st surface 2nd surface 3rd surface 1st surface 2nd surface 3rd surface 

answer answer 

11 9 10 92.9% 11 9 11 93.9% 

Table 8 Test result of neural network 

Input variable : 36 Input variable : 121 
Hidden layer : 1 Hidden layer : 1 

No. of neuron in hidden layer : 50 No. of neuron in hidden layer : 50 
Cycle : 31,312 Cycle 18,228 

Correct Correct 
1st surface 2nd surface 3rd surface 1st surface 2nd surface 3rd surface 

answer answer 

9 9 10 93.3% 9 10 10 96.6% 

Table 9 Test result of neural network 

Input variable : 36 Input variable : 36 
Hidden layer: 1 Hidden layer: 2 

No. of neuron in hidden layer : 50 No. of neuron in hidden layer : 20, 50 
Cycle : 26,595 Cycle : 10,445 

Correct Correct 
1st surface 2nd surface 3rd surface 1st surface 2nd surface 3rd surface 

answer answer 

9 9 10 93.9% 10 8 9 92% 
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pattern classification. Accordingly, the necessary 

manufacturing processing cost can be calculat- 

ed more efficiently. And it can be said that there 

is a possibility of an economic hull develop- 

ment. 
By the way, the error is included in the results 

of all cases, which can be explained from the 

stand point of used input and output informa- 

tion. In addition to the net architecture, the rea- 

son why there is still error exist is the selection 

of input patterns and the accuracy of the shell 

expansion. 

4. Conclusion 

In this study, the problem of improving the 

efficiency of the design at the initial stage has 

been dealt with from the need of supporting the 

preliminary ship design using artificial intelli- 

gence. The neural network as one of artificial 

intelligence technique is applied to design tech- 

nique. In order to apply artificial intelligence to 

the preliminary ship design, several cases belong- 

ing to the typical ship design activities are chosen. 

In experiment, this study investigated that the 

ship hull can be classified effectively by applying 

the neural network to the pattern classification in 

ship design. Several cases of training are carried 

out and the pattern recognition by neural net- 

works is proved very helpful in pattern classific- 

ation of hull plate problems in ship design. 

As a result, it can be concluded that the pro- 

posed method can classif effectively and efficient- 

ly the various shape of ship hull. Accordingly, it 

can calculatey the necessary manufacturing pro- 

cessing cost more efficiently. And it can be said 

that there is a possibility of an economic hull 

development. The results reported herein will 

provide a better understanding in classifying a 

ship hull by using the pattern classification of the 

neural network. Moreover, it is believed that this 

study can be utilized to provide the methodology 

of intellectual ship design. 
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