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ABSTRACT 

To build the first LNG ship in china, production efficiency and cost pose an urgent problem when designs its 
layout. Considering the real logistics types in insulation box line for LNG ship, a multi-line facility layout problem 
is first proposed. Then, a genetic algorithm with combinational coding schema and crossover operators is put 
forward to solve the problem. In this way, both sequence and coordinate of machine can be coded. Accordingly, 
partial and arithmetic crossovers are used to minimize the logistics cost of box line. In addition, 27 machines with 
rectangle contours in box pre- processing area are optimized using this algorithm. Through a case study using 
logistics and size data, the result shows that this genetic algorithm is effective. 

1. INTRODUCTION 

The technical difficulty as well as complex process in the production of  LNG(Liquefied Natural Gas) ship hinders 
its development in many countries. In order to break the monopoly of the foreign country, China successfully 
constructed the first LNG ship of our own country and set up China's first LNG ship insulated box production line 
several years ago. However, through the production practices, many problems in the production line have been found. 
Especially in the environment of the current economic crisis, production line efficiency and production cost has been 
severely affected, and the development of the production line has been restricted. So how to optimize the production 
line is imminent. 

Production plant layout optimization is to rationally organize and locate the machines in a given range  production 
workshop used in production systems, warehouses, and associated personnel flow and material flow in order to achieve 
optimal design goals, such as lowest  logistics cost, highest equipment utilization, etc. Study on layout problem has 
been 140 years of history so far. Before the 1970s, a series of research methods including flowchart, branch and bound, 
cutting plane method and so on were used to solve the problem [1]. Since equipment layout problems was proved to be 
a NP-hard, many researchers adopt new algorithms to find an approximate solution to this problem such a simulated 
annealing, genetic algorithm, simulation optimization and other mixed methods. Badarudin et al. [2] compare the 
performance of these algorithms in solving the dynamic plant layout problem. Bernardi and Anjos [3] present a 
two-stage method using mathematical-programming techniques for finding high-quality solutions to the multi-floor 
facility layout problem. Alan and Shang [4] have adopted hybrid ant colony system to solve the problem of dynamic 
equipment layout. Meanwhile they have proposed three different hybrid ant colony heuristic algorithm, pointing out the 
differences between each algorithm, and using citations of the two data sets to evaluate the  performance of each 
algorithm ,which has proved that  hybrid ant colony system can effectively solve the dynamic facility layout problem. 
Ulutas and Islier [5] use clonal selection algorithm for dynamic facility layout problem as well as using three test 
problems to test the performance of algorithm .Through the application of a series of mutation operator to make 
improvements to the algorithm, and he also used reference data sets to verify the efficiency of the algorithm. Dou, Dai 
and Meng [6] designs a GA-based approach to generates economical single-part flow-line (SPFL) configurations as 
candidates for a given demand period. 
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Since layout structure and logistics path in real workshop are different, plant layout problem can be very complex. 
Usually, multi-objective requirement such as distance, time and cost are required to ensure overall practical. Bernardi 
and Anjos [3] present a two-stage method using mathematical-programming techniques for finding high-quality 
solutions to the multi-floor facility layout problem. Hungerländer and Rendl [7] compare the different modelling 
approaches for single-row facility layout problem and applie a SDP approach for general quadratic ordering problems. 
Cooren, Clerc and Siarry [8] present an adaptive multiobjective particle swarm optimization algorithm MO-TRIBES to 
tackle multiobjective problems without the constraint of parameter fitting. Djassemi[9] gives a new method for 
adjusting material flow under a mixed floor and overhead material handling condition is incorporated in an existing 
plant layout procedure. Hauser and Chen [10] use genetic algorithms to optimize the lane layout associated with the 
crossdocking operation at the Toyota Motor Manufacturing plant to decrease in workload and lead time. Hernandez et 
al. [11] present a genetic algorithm (GA) to optimise the binary variables in a mixed-integer linear programming model 
for the block layout design problem with unequal areas, and the block layout design can have with more than nine 
departments. 

2. MARINE INSULATED BOX PRODUCTION LINE EQUIPMENT LAYOUT OPTIMIZATION MATHEMATICAL MODEL 

Considering the characteristics of LNG vessels insulated box production line, a pre-processing operation area of 
cabinet components is used for the prototype. The 27 CNC equipment in this district is simplified to build the 
mathematical model. 

2.1. ASSUMPTIONS AND PARAMETER SETTINGS 

It is assumed that: (1) Production line layout space and equipment are rectangular structure, and the layout of the 
area, length and width of the device is known; (2) The inlet of the device is laid laterally, and the central location of the 
device within the same line is at the same level; (3) Equipment logistics routes are straight lines; (4) Material handling 
and logistics costs between devices are independent of the direction , and are determined by directly logistics route of 
the device. 

Assuming the number of production line equipment is n units, and total number of equipment rows is m units. So the 
decision variable is: 
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Figure 1. Sketch chart of product line Layout. 
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2.2. THE MODEL 

To minimize the material handling cost, the model can be expressed as follows: 
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Among them, { }1,2,...,Q q=  represents the set of  part type processed in workshop  per production cycle, 
q

ij
C  is 

the material handling costs of the part q from mi to mj. The objective is to minimize handling costs shown in (2). 

Constraint (3) and (4) indicate the minimum distance between the device constraints; constrain (5) means a device 

occurs only once; (6) and (7) constraint the drag size; (8) and (9) indicate the layout of equipment within the channel 

region, and the channel device is not disposed; (10) means all ordinate yk(i) of  the equipment must be the same; (11) 

indicates that the limit of the associated parameter, d0, h0 represent minimum spacing in the X and Y direction between 

devices; (12) means wrapping the line number of the device automatically, while de means the minimum distance 

between  the last device of the k-th line and the side wall. 
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3. GENETIC ALGORITHM-BASED INSULATION BOX LINE LAYOUT OPTIMIZATION FOR LNG-SHIP 

3.1. CODING SCHEME 

For the number of device lines, automatic wrap principle is used. So, direct coding is applied for coding equipment 

in line, i.e., { }(1) (2) ( ), , ,i i i jm m mL [ ]1,i n∈ , 0j > . For the coding of the device position ,coordinate x is encoded 

directly in this paper. 
( )i j

x  represents  the  abscissa of 
( )i j

m . 

Considering the devices in the paper involves a certain direction, the encoding segment d is added correspondingly, 

where 
( )i j

d  represents the direction of 
( )i j

m , and  0 for the reverse direction, 1 represents the positive direction. 

So, the final encoding scheme is: 

{ } { } { }{ }(1) (2) ( ) (1) (2) ( ) (1) (2) ( )
, , , , , , , , , , ,

i i i j i i i j i i i j
m m m d d d x x xL L L                                                      (13) 

For population initialization, the value of the segment d is randomly generated. The value of  X coding segment is 

random, but in order to avoid duplication of  the device, we add the correction conditions: 

      (1) Since the device layout space is divided into two areas by channel, to make full use of the space, devices 

numbered form 1 to 8  are laid in the upper side of the aisle region and for  device 9 to 12 are positioned in the  lower 

side area of the aisle. 

(2)  Values for x is  further restricted by (14): 

b ij e
d x L d≤ ≤ −                                                                                                                                      (14) 

b
d  denotes  the  distance between the first device and  the starting end of the wall in the K-th row, and 

e
d  denotes  

the  distance between the last device and  the  terminal end of the wall in the K-th row. 

(3) To avoid overlap of the equipment, take 

0ij
x x d= +                                                                                                                        (15) 

X is the abscissa value of random values and 
0

d for minimum spacing between the devices in the X direction. 

3.2. FITNESS FUNCTION 

We use the inverse of the objective function as a fitness function, namely,  

1
( )k

k

Eval u
C

=                                                           (16) 

k
C  represents the total cost of material handling of the kth chromosome; ( )

k
Eval u for the fitness function of the  

k-th chromosome.  

3.3. GENETIC OPERATOR 

(1) Selection 

The roulette method is used,  self-check is applied until one of the chromosomes’ accumulated value  is greater or 

equal to the value by rotation 

1 1

( ) * ( )
k M

j k

j j

Eval u R Eval u
= =

≥∑ ∑                                                                                                                    (17) 

(2) Crossover 

According to the characteristics of the coding, different cross-section methods are  taken to different encoding 

segment. 

For the M segment of the  equipment, partially matched crossover (PMX) is used. Select two points in the parental 
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chromosome randomly and make the two regional segment between  the two  points  as  the mapping. By exchanging 

mapping segment, produce original offspring, and then determine the mapping relationships. According to the mapping 

relationship we repair the offspring to ensure that each device appears only once . 

For the encoding segment  which represents the direction of the device, a single point crossover method will be used. 

Cut off from the corresponding position, then exchange all the genes of the two parent chromosomes back this position. 

Using arithmetic crossover for the real number arithmetic coding of the section x , the new value of x  is calculated 

according to the formula (18) and (19). 

'
1 1 2

( ) ( ) ( )i j i j i j
x x xα β= +                                                                                                                                      (18) 

'
2 1 2

( ) ( ) ( )i j i j i j
x x xβ α= +                                                                                                                                      (19) 

Here, , [0,1]α β ∈ and 2α β+ ≤ . 

(3) Mutation 

For the coding segment of equipment sequence, a solution close to the global optimum can be obtained by 

crossover, so the mutation operation is no longer needed. For the code section of machine direction, we take a segment 

randomly to do the inverse operations. For the abscissa value coding segment, an improved Gaussian mutation operator 

is adopted, searching for a local area that is near the original individual. When Gaussian variation occurs, the normal 

random number is approximately generated by uniformly distributed random number.  

(5) Setting operating parameters 

For the populations that contains M  individuals, we take values between 20 and 100. The value of crossover 

probability Pc is between 0.4 to 0.9. The value of the mutation probability Pm is between 0.001 to 0.01. The terminating 

algebra G in this paper takes 400. 

 4. LNG BOX PRODUCTION LINE EQUIPMENT LAYOUT OPTIMIZATION SOLUTION AND ANALYSIS 

4.1. PROBLEM FORMULATION 

In order to facilitate the modeling, firstly, 27 devices in the  pre-processing operation area  are divided into 12 

working units. In the meantime, the machine ID and specific rectangular dimensions are shown in Table 1, and the  

initial  layout of the machine is referred to Figure 2(a).  

 
 (a) The initial layout                                                   (b) The final layout 

Figure 2. The initialization and final layout of the insulation box line. 
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Table 1. Machine ID and overall dimension table. 

Machine ID Machine name 
Overall Dimension 

Length Width 

1 
Longitudinal cutting CNC 
machining centers 10802 14250 

2 
Fine trimming CNC 
machining centers 15504 7336 

3 Leveling machine 5116 3289 

4 
Transverse cutting CNC 
machining centers 16058 5907 

5 
Node CNC engraving and 
milling machining center 9837 6968 

6 
Drilling CNC Machining 
Center 7644 5339 

7 
SUP CNC machining 
centers 8367 5416 

8 General table saw 4909 3380 
9 Wedge nailing bench 11214 1433 

10 
General engraving and 
milling table 5834 3045 

11 Invar processing unit 6204 1560 

12 Invar processing unit 7837 1743 

Five types of components are produced in pre-processing operations area, and the machining process of each 

component is shown Figure 3. 

 
Figure 3. The process planning of box components. 

Daily output quantity and logistics costs per meter of various models of components are shown in Table 2. 

Table 2. The quantity and unit cost of logistics. 

No. Part name 

Daily 

output (pcs / 

day) 

Handling tools 

Unit handling 

cost (yuan/m, 

pieces) 

Total unit handling 

costs (yuan/m) 

1 1 # Base plate 

components 300 Forklift 0.3 90 
2 2# Roof component 300 Forklift 0.3 90 
3 4#, 5# Outer bulkhead 

parts 1200 Hydraulic 

trolley 0.4 480 
4 7# Inner separator unit 1200 Hydraulic 

trolley 0.4 480 
5 Cleat 2400 Logistics roller 0.1 240 
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The intensity matrix about the logistics cost between equipment is shown in Table 3. 

Table 3. The unit intensity matrix of logistic costs. 

Device Name M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 
M1 0 0 1140 0 0 0 0 240 0 0 0 0 
M2 0 0 0 0 0 480 0 0 0 0 0 0 
M3 0 480 0 660 0 0 0 0 0 0 0 0 
M4 0 0 0 0 45 240 135 0 0 240 0 0 
M5 0 0 0 0 0 0 0 0 0 0 0 0 
M6 0 0 0 0 0 0 0 0 240 480 0 0 
M7 0 0 0 0 0 0 0 0 0 0 0 0 
M8 0 0 0 0 0 0 0 0 240 0 0 0 
M9 0 0 0 0 0 0 0 0 0 0 0 0 

M10 0 0 0 0 0 0 0 0 240 0 240 240 
M11 0 0 0 0 0 0 0 0 0 0 0 0 

M12 0 0 0 0 0 0 0 0 0 0 0 0 

4.2. PROBLEM FORMULATION RESULTS OF LAYOUT OPTIMIZATION 

According to the algorithm proposed above, the problem is solved by giving some initial conditions as follows: 

L=47400mm; W=46610mm; 
b

d =2549mm; 
e

d =3520mm; 
0

h =1150mm; 
0

d =1741mm; q=5. 

Rows for the layout of equipment are of five lines. M and G can take different values, and for one replication, we 

take M equals 20 and G equals 500. Also, different 
c

p and 
m

p  have some effects on the solution. Here, 
c

p =0.6 

and
m

p =0.01. 

After 412 generations, the optimal solution is obtained: M12 and M 11 are located in the first row, M 8 and M 9 

second row, M 6,7 third line, M 5,4,10 fourth row, M 1,3,2 fifth row. And the optimized layout of equipment is shown 

in Figure 2(b). Compared with the layout shown in Figure 2(a), the costs of logistics handling have be reduced greatly. 

Form the result, it can be seen that: 

(1) The position of the device M1 has not changed. According to the actual situation, the device leads the first 

process, and its location is closer to the store area of raw materials. Meanwhile, it’s closer to the entrance of the work 

area to facilitate feeding equipment, which is more reasonable . 

(2) M11 and M12 will be placed on the same line, the first row. In reality, these  two processing units are of the 

same function, so they can be placed nearby. In this way, it can save much space, and it is convenient for the logistics 

management of same type of machine. 

(3) M1, M2, M3 are placed on the same line. According to the process of the product, the three devices are closely 

connected, and it’s more reasonable than arranged in two rows for placing on the same line facilitates to shorten the 

distance between devices. 

(4) M5 is similar to M7 in functions, and both two are the next procedure after  M4, so it is more reasonable to  

place  M5 and M7 close to M4. 

 The results of the optimization can be further adjusted according to the actual situation. M10  is the successor of 

M4 and M6, and M10 and M6 have closer connections according to Table3, so  M10 can be put on the left side of M6. 
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5. SUMMARY 

Considering the characteristics of insulated box production line for LNG ships, a modified genetic algorithm is 

designed to solve the insulation box line layout optimization problems. In this study, the preliminary processing area 

layout problem of the cabinet components is studied in depth, where we model it as a multi-line facility layout problem. 

Through a case study, the proposed coding schema, crossover operator and other improvements in the algorithm is 

proved to effective in obtaining optimized layout result. However, there are still some limitations. For example, the 

assumptions used in the model are relatively tight, so variable routing and logistics costs should be taken into 

consideration later to make the problem more realistic. Also, objectives other than logistic cost should be further 

investigated. 
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