§ sciendo

POLISH MARITIME RESEARCH 1 (105) 2020 Vol. 27; pp. 162-172
10.2478/pomr-2020-0017

CABIN PLACEMENT LAYOUT OPTIMISATION BASED ON
SYSTEMATIC LAYOUT PLANNING AND GENETIC ALGORITHM

Shaojuan Su

Naval Architecture and Ocean Engineering College, Dalian Maritime University, China

Yasai Zheng

Naval Architecture and Ocean Engineering College, Dalian Maritime University, China

Jinan Xu
Dalian Shipping College, China
Tianlin Wang

Naval Architecture and Ocean Engineering College, Dalian Maritime University, China

ABSTRACT

Cabin placement layout is an important part of ship cabin layout design. A good cabin placement layout can improve
the efficiency of the ship’s cabin arrangement. However, optimisation of the layout of cabin placement is not widely
studied and more often relies on the experience of the staff. Thus, a novel methodology combining systematic layout
planning and a genetic algorithm to optimise the cabin placement is presented in this paper. First key elements are
converted by a systematic planning method that is often applied in factory layout, and a preliminary cabin placement
layout model is established according to these key elements. Then the circulation strength and adjacency strength are
taken as sub-objectives to establish a mathematical model, and an improved genetic algorithm is used to optimise
the model. The result of the optimisation is compared with the initial schemes to verify the validity of the algorithm.
Finally, the human factors are introduced according to the actual situation. The AHP method is used to select the
layout scheme of the cabin that is most likely to be applied in the actual cabin layout.

Keywords: cabin placement layout; systematic layout planning; genetic algorithm

INTRODUCTION

The cabin placement layout optimisation problem is one
that involves combinatorial optimisation. To analyse the
design and optimisation of cabin layout from the perspective
of layout problems, we must first have a systematic and
comprehensive understanding of the problem. Dowsland
[4] and Cagan [2] give a representative definition: a layout
problem refers to the reasonable placement of a given set of
objects in a specific layout space, so that the design objectives
are optimised as much as possible, and meet the space or
performance constraints. In the 1960s, Muther [19] used the
method of system analysis to propose a very representative
system layout design method, systematic layout planning
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(SLP), which combined the analysis of logistics with close
relationship analysis of the operating unit, and used
a hierarchical representation of the relationship between
the operating units. The method analysed the logistics,
people flow and information flow in the system reasonably,
and achieved the optimal allocation of internal resources
of the system. The proposed method enabled the facility
layout problem to develop from the qualitative stage to the
quantitative stage. Dowsland [3] and Leung [15] established
a graph theory model of the layout, with a rectangular cube
to be seen as a node of the graph. The relationship between
the objects is the node relationship, which transforms the
layout problem into one of finding the largest independent
or largest weight plane subgraph in a known link graph.



Gomes [6] performed a comprehensive research on a facility
layout by using modern design technology. Wiyaratn et
al. [23] studied the layout of an iron manufacturing plant
based on the SLP theory for increased productivity. The
study included an operation process chart, flow of material
and activity relationship chart. Lee et al. [10] proposed an
improved genetic algorithm (GA) in the study of a multi-level
facility layout. The relationship between stairs, walkways
and other facilities is described as a form of adjacency
graph, and the Dijkstra algorithm is used to calculate the
shortest distance between facilities. El-Baz [5] proposed
an improved genetic algorithm for the two-dimensional
facility layout problems (FLP) of a production system, and
carried out detailed analysis and a case demonstration. On
the basis of the layout modelling of the production system
to meet the facility distribution requirements, the author
considered the placement of the centre of each device and
the size of the simplified rectangle, equipment interference
constraints, layout boundary constraints and equipment
minimum interval requirements as the objective function and
constraints to obtain a Pareto solution set of the optimisation
problem, and then set the line layout scheme.

Traditional cabin placement layout design mainly depends
on the experience of designers through repeated CAD
drawing, which results in a low level of parameter automation.
The inner space of a ship is relatively small and the cabin
placement layout has a direct effect on the running efficiency
of ship systems, so it is necessary to devise an efficient and
reasonable way to optimise that layout. At present, the
heuristic algorithm and computational intelligence algorithm
are widely applied to solve the layout problem [7]. Liu et al.
[14] used the multi-objective fuzzy design method to optimise
a passenger ship’s overall layout and developed a general
layout drawing system for the ship. Li et al. [12] used a genetic
algorithm to optimise the design of a ship’s cabin layout, and
combined this with CADDS5 software to complete the data
processing and graphic output. Li et al. [11] used an improved
genetic algorithm based on Pareto distribution to optimise
a yacht cabin layout.

Most of the mentioned documents aimed to determine the
placement and optimisation of the facilities inside a specific
cabin, but there is not much research on the layout of the cabin
placement. In this paper, referring to the above literature, the
cabin is simplified to a rectangle. SLP and GA are combined
to find a feasible solution method for the optimisation of the
cabin position layout.

PRELIMINARY CABIN PLACEMENT
LAYOUT MODEL BASED ON SLP

Since the position of the cabin in the living area is mainly
studied in this paper, there is no need to consider many
parameters of the ship, including its weight distribution
and centre of gravity. The following assumptions also need
to be made:

1) All cabin structural frames to be laid out meet the design
requirements of the hull line, structural strength and
safety.

2) Only the layout factors are considered and they do not
involve the whole ship factor.

3) It does not involve the installation of all system facilities
and supporting facilities in the cabin.

According to the distribution characteristics of the living
area of the teaching practice ship, the cabins that can serve the
living and learning needs of the students on board include 13
functional areas such as student accommodation, washroom,
bathroom, classroom, kitchen, etc., shown in Table 1.

Tab. 1. Accommodation cabin types

No. Cabin type No. Cabin type
1 Student accommodation 1 8 Clinic
2 | Student accommodation 2 9 Galley
3 Water closet 1 10 Mess room
4 Water closet 2 11 Food store room
5 Classroom 12 Laundry
6 Library 13 Drying room
7 Toilet

TRANSFORMATION IDEA OF SLP

Since the SLP method is mainly used in factory layout,
it is generally divided into five basic elements, namely raw
materials, product quantity, production route, auxiliary
department and time schedule [21].

The quantity of raw materials and products is the basis
of the arrangement. Only by thoroughly studying the basic
elements can we get a satisfactory result. The products
arranged in this paper are all types of cabins in the living area.

The quantity of products mainly refers to the attributes
and types of objects to be placed, which determines the size
of the factory production scale. This refers to the number of
compartments to be placed.

The production route refers to the order in which the
factory processes the products. This production process also
affects the layout of the factory. This refers to the circulation
route among cabins.

In addition to the equipment for producing products, the
factory layout also requires some production service facilities,
such as residual material recovery devices. In this paper, this
refers to the public service cabin.

The production schedule refers to the time and time step
of producing the required product. This determines the
operational efficiency of the entire layout system. This refers
to the order in which students’ study, live and work on board.

ANALYSIS OF LOGISTICS RELATIONSHIP

In the workshop equipment layout, the logistics relationship
is mainly reflected in the logistics movement and material
handling in the process flow, and the material flow between
each unit is mainly considered in the layout. Similarly, the main
consideration in the layout of the cabin is the degree of close
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contact between the pairs of compartments (personnel flow,
material movement), regardless of the third compartment.
The SLP method is used to establish the preliminary layout
model of the cabin position.

In order to cope with various layout problems, especially
layout problems with a large amount of logistics data, the
system layout is solved by using a logistics strength level
classification table. In this table, the logistics intensity is
dividedinto A, E, I, O, U, five intensity levels, with the intensity
reducing from A to U [13]. The intensity of the logistics
between the various arrangement objects is determined by
the arrangement factor. The specific meaning of each grade
of logistics intensity is shown in Table 2.

Tab. 2. Logistics intensity grades and proportions

ANALYSIS OF NON-LOGISTICS RELATIONSHIP

According to the SLP non-logistics intensity grade (see
Table 4), the non-logistics relationship between cabins is
analysed with the use of a third type of cabin by students
from any cabins as a non-logistics factor standard [16], and
the intensity grade is confirmed in Table 5 and represented
by matrix N.

N =[n;] 345 (2)

where n; indicates the non-logistics intensity grade between
cabin 7 and cabin ;.

Tab. 4. Non-logistics strength grade

Logistics | Proportion of
Logistics intensity level Symbol | routeratio | material flow Symbol A g I 0 U
(%) (%)

. . Meaning {\bsolutely . Very Important | General |, Not
Super-high logistics strength A 10 40 important | important important
Extra-high logistics strength E 20 30 Tab. 5. Non-logistics related tables
Larger logistics strength I 30 20 Nol1lz213lals5l6l 718 9 lw0l11]liz]is
General logistics intensity 0 40 10 l1|—|A|JU|UJEJE]J]U|]O|JO|JU|JU|O|O

2| —|—|U|JU|E|[E|U|O|O|U|O|O]|O
Ignorable U

3|—|—|—|U|JU|JU|U|U|U|U|U|U|U
_ o o s|—[—|=[=Julu]uJu|u|u|u]u]u
According to Tables 1 and 2, the logistics relationship s |1 —lalulololulululu
between cabins is analysed (not concerning other cabins) sl I —T—lTulololulululu
with two logistics factors, personnel flow and material T — T =1 =T=Tulululululu
movement, and the intensity grade is confirmed in Table 3 s — T -T=-1=-1T=-T=-Tolulululu
and represented by matrix M. o | T =TT =T=T=-lTolalulu
o || -T-]=-]T=-]=]= ululu
n|-|-|=]1=1=1=1=1=1=1=1=lulvu
M =[m; 55 (0 S INCY N I N I I I I A I S

Bl =]==]T=T=1=]=1<=1=

where m; indicates the logistics intensity grade between
cabin i and cabin ;.

Tab. 3. Logistics related table

No.| 1 304|567 |8 |9f1w0]11]12]13
1|—|elalo|E|E|]1|O|U|[E|U|O]|O
2|—|—|o|A|lE|E|I|O|U|E|U|O]|O
3|—|—|—=|ulu|lujuluju|1|Uu|Uu|uU
4| —|—|—=|=]Juluju|lu|lu|1|Uu|luUul|uU
s|—|—|—|—|=]o|lo|U|U|E|U|U]|U
6| —|—|—-|—=|=|=]o]lUujuUu|1|U|U|U
71— —|—-|—=|—=|=|=|0o|lOo|U|lU|U|U
s | —| —| —1]— —|l—]—=]lojujo|u|uU
9| —| —| =] — — |l —=]=l=]lAalAa|Uu|U
| —|—| == —l=]l=]=]=]u|ul|u
n|—|—|—-|=/=/=/=/=/=|=|=|uluvU
| —|—-|=]= =T =1=1=1=1=1a
B |- =l=l=]=|=/=]=1=]=]=
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ANALYSIS OF COMPREHENSIVE CORRELATION

The comprehensive relationship analysis considers the
logistics relationship and non-logistics relationship. This
relationship is expressed in the SLP by m:n and the range
is generally greater than 1/3 and less than 3. However, the
values in actual work are generally taken as: 3:1, 2:1, 1:1, 1:2
and taken as 1:1 in this paper [18]. The analysed logistics and
non-logistics intensity levels of each cabin are quantified,
and A=4 ,E=3,[=2,0=1,U=0. The logistics correlation
between the various cabins represented by numbers is shown
in Table 6.

Tab. 6. Ranking of comprehensive degree of closeness

Cabin [ 1 | 2 |3 |4 |5|6 |7 |89 ]|10|I11]|12]13
1 - |A/7|E/4|O/1|E/6|E/6|1/2|1/2 |O/1|1/3 |U/0|1/2 | 1/2

A/7| - |O/1|E/4|E/6|E/6|1/2|1/2 |O/1|1/3 |O/1|1/2|1/3

E/4|0/1| - |[U/0|U/0|U/0|U/0|U/0{U/0|1/2 |U/0|U/0|U/0

O/1|E/4|U/0| - |U/0|U/0|U/0|U/0|U/0|1/2 |U/0|U/0|U/0

E/6 |E/6|U/0|U/0| - |E/5|0/1|1/2|0/1|1/3 |U/0|U/0|{U/0

E/6|E/6|U/0|U/0|E/5| - |O/1|0/1|0/1|1/2 |U/0|U/0|U/0

N[ |G| | W

172 |1/2 |U/0|{U/0|O/1|O/1| - |O/1{0O/1|U/0|U/0|U/0|U/0




Cabin | 1 | 2|3 |4 |5 |6 |7 |89 ]|10fI11]|12]13
8 1/2/|1/2|U/0|U/0| 1/2 |O/1|O/1| - |1/2|U/0|O/1|U/0|U/0
9 O/1{0/1{U/0|U/0|O/1|O/1|O/1|1/2| - |E/5|A/8|U/0|U/0
10 /3 |1/3|1/2|1/2|1/3|1/2 |U/0|U/0|E/5| - |U/0|U/0|U/0
11 |U/0(0/1|U/0|{U/0|U/0|U/0(U/0|O/1|A/8|U/0| - |U/0|U/0
12 1/2/|1/2 |U/0|U/0|U/0|U/0|U/0|U/0|U/0|U/0|U/0| - |E/4
13 1/2 | 1/3 |U/0|U/0|U/0|U/0|U/0|U/0|U/0|U/0|U/0|E/4 | -

Number| 36 |38 | 7 | 7 |24 22| 8 |11 |20(20| 10| 8

Order | 2 |1 |10|10 |3 |4 |96 |5|5[7]|9

PLACEMENT CORRELATION DIAGRAM

In order to clearly understand the relationship between
the various compartments and to adjust the position of each
compartment, it is necessary to draw the relevant diagram
according to Table 7. The first step is to draw two cabins with
closeness relationship A on the figures.

Tab 7. Representation of cabin relation grade

Grade A 1g I (©)
Number of lines 4 3 2 1
Closeness very high high general low

(1) Take the pair of compartments with a class A.
relationship from Table 6, including 1 and 2, 9 and 11, and
sort the four cabins by value: 2, 1, 9 and 11.

(2) Arrange cabin 2 with the highest comprehensive
approach score in the centre of the position correlation figure.

(3) Deal with cabin pair land 2 and arrange cabin 1 in the
figure. It is stipulated that one-unit distance is kept between
cabins with an A-level relationship (see Fig. 1 (a)).

@

©

Fig. 1. Steps of cabin arrangement with closeness relationship A

(4) Then, cabin 9 is arranged. No A-level relationship exists
between cabin 9 and cabins 1 and 2 on the figures, so thus
the relationship of 9 and 1 and 9 and 2 should be taken from
Tables 6 and 7, and the results are both O levels. That is, the
distances between cabin 9 and 1 and between cabin 9 and 2 are
both 4 units. The placement of cabin 9 is shown in Fig. 1 (b).

(5) Cabin 11 has an A-level relationship with cabin 9 and
has O-level with cabin 2. Its placement is shown in Fig. 1 (c).

According to the above steps, the remaining steps can be
used to deal with cabin pairs which have relations of E, I,
O and U to and draw placement figures which can indicate
the relationship between all cabins (see Fig. 2).

Fig. 2. Correlation of cabin positions

studsnt cabin 2 water closet 2

food store

student cabin 1 water closet 1

mess ream zalley Library clinie classroom

Fig. 3. Preliminary layout model of cabin placement

AREA CORRELATION FIGURE

An area correlation figure is formed by drawing the actual
area onto the corresponding placement correlation figure. In
the drawing process, each cabin is simplified as a rectangle,
so different arrangement schemes can be formed by following
the centre of the rectangle. Finally, based on the experience
of the multi-row layout of a two-dimensional production
facilities layout, the cabin area correlation figure is corrected
and external passages are set up. The preliminary cabin
placement layout model is drawn (see Fig. 3).

So far, the preliminary cabin placement layout model of
the teaching-training vessel accommodation area has been
finished on the basis of SLP, which provides basic data for
mathematical models for cabin placement layout optimisation.

OPTIMISATION MATHEMATICAL MODEL

CABIN PLACEMENT LAYOUT SIMPLIFIED MODEL

The preliminary cabin placement layout model figure
is simplified as follows: a rectangle is drawn by taking the
longest side and the shortest side of the drawing area in Fig. 3
as the standard, then the drawing area is divided into four
parts by the external passages, whose placement is not altered,
and the relative arrangement area of each cabin is confirmed
according to the relative placement of each cabin. Finally,
the simplified model of the cabin placement layout is drawn
(see Fig. 4).
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Areab | AreaB

Areal| Areal| Aread|Aread
AreaT breal
Aread | Areall | Areall Areal? | Areald

Fig. 4. Simplified model of cabin placement layout

CABIN PLACEMENT LAYOUT OBJECTIVES

Layout objectives are a basic component of the layout
optimisation mathematical model and are the criteria to
judge the quality of the cabin sequence combination. The
selection of layout objectives is of great importance to the
optimisation results. Therefore, methods for establishing the
model of the cabin placement layout should be considered
comprehensively. In this paper, the cabin circulation
strength and cabin proximity strength are selected as the
layout objectives [1]. The relationship between cabins will be
analysed in conjunction with the above objectives.

Cabin circulation strength

In view of the different utilisation frequencies of each cabin
on board, the relationship is defined by the cabin circulation
strength. The more frequently the students use a cabin, the
larger the circulation strength between two cabins is, and
vice versa. The cabin circulation strength is quantised in
Table 8.

Tab. 8. Circulation strength grade and coefficient definition

6 - - - - - - 10.25] 0 ]0.25| 0.5
7 - - - - - - - 10.25]0.25]0.25

e k= =R =N =N K=k k=)

Cabin adjacency strength

The closeness degree among cabins is reflected in the
differences in functions and use requirements, so this
relationship will be defined by the cabin adjacency strength.
The cabin adjacency strength is quantised in Table 10.

Tab. 10. Adjacency strength grade and coefficient definition

Grade | Coefficient
1 1
0.75 Adjacency strength is high

Meaning

Adjacency strength is very high or must be adjacent

0.5 Adjacency strength is average

0.25 Adjacency strength is low

(S0 - OV [ S}

0 No adjacency demand

According to Table 10, the adjacent strength between the
cabins is analysed as shown in Table 11 and represented by
matrix B.

B= [bij Lizas (@)

where b, indicates the adjacency coefficient between cabin
iand cabinj.

Tab. 11. Adjacency strength coefficient

Grade | Coefficient Meaning
1 1 Students’ circulation strength is very high
2 0.75 Students’ circulation strength is high
3 0.5 Students’ circulation strength is average
4 0.25 Students’ circulation strength is low
5 0 Nearly no students’ circulation

According to Table 8, the flow intensity between each
compartment is analysed, and the coefficient of flow intensity
between the compartments is defined as shown in Table 9
and represented by matrix A.

A= [aij Tz @)

where a, indicates the circulation strength coeflicient
between cabin i and cabin j.

Tab. 9. The coefficient of flow intensity

Cabin| 1 | 2 |3 |4 |[5|6 |7 |89 |[1011|12]13
1 - 10.75] 1 0 [0.5]0.25]0.5]0.25| 0 [0.75] 0 [0.5]0.5
2 - - 0 1 10.5]0.25|0.5(0.25| 0 |0.75] 0 |0.5(0.5
3 - - - 0|00 O|O0O]O]O]O0O|O0]O
4 - = = - 0O|0|O0[O0O|0]O0]O0 0
5 - - - - - (05| 11025 0 |05 0| 0| O
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é 1 |2 |3 |4 |5 |6 |7 |8 |9 [w0|u|[12]|3
S

1 0751 o [o [o |os|o | o |0 [o25 025|025
2 o [ 1 |o o |os|o |o |o |02 025|025
3 o5 |0 o oo oo |o o ]o

4 o oo ]o oo oo ]o

5 025 [ 05 |025 | 0 [025 [025| 0 | 0

6 05 (075 | 0 [025 075 | 0 | 0

7 025 [025 (025 | 0 [0 | 0

8 o | o fo7s]| 0 | o

9 1 oo |o

w | - |- |- 1-1-1-1-1-1-1-"1os|o|o

11 0o | o

12 1

13

MATHEMATICAL MODELS

The circulation strength and the adjacency strength are
taken as sub-objectives to establish the mathematical model
shown in Eq. (5).



12 13
min F(X) = min[w, F (X)+w,F,(X)] :minz z (W xa, xd,; +w,xb;xd;)

i=1 j=i+l
X, = {x‘xeN*,leSlS} (k=1,2,....13)
X, #x,,(mn=1,2,..13,m#n)

St X:{x,,xz,....,xu}

iwk =1,(w =w, =0.5) (5)

k=1

a, <L, b<L,
a,<L,, b<L,
a, <L, by<Lg

a,<L,, b <L

where X is a cabin sequence design variable; F{(X) is the
circulation strength function; F, (X) is the cabin adjacency
strength function; I, j,k,m and n are layout area numbers;
X,, X, and X, are cabin numbers corresponding to the
layoutarea; @, and @, are weight coeflicients; cabin distance
d ;1s the sum of the absolute values of the difference between
horizontal and vertical coordinates of each cabin; L, is the
length from areal to area 4; L, is the width from areal to
area 4; @, is the length required from areal to area 4; b, is
the width required from areal to area 4; L is the length from
area 9 toarea 11; L is the width from area 9 to area 11; @, is
the length required from area 9 to area 11; b, is the width
required from area 9 to area 11; L, is the length from area
12 to area 13; Lg is the width from area 12 to area 13; a,is
the length required from area 12 to area 13; b, is the width
required from area 12 to area 13, as shown in Fig. 5.

L1 L3
AreaS Area6
S| | Areal| Area2 | Area3 | Aread 3
Area7 Area8
3| | Area9 Areal0 | Areall Areal2 | Areal3 |3
L7 Ls

Fig. 5. Constraint analysis

OPTIMISATION DESIGN BASED
ON IMPROVED GA

IMPROVED GA

In view of the characteristics of the mathematical model,
the basic genetic algorithm has been improved in this paper
(17,9,20].

(1) Each compartment sequence is used as a chromosome,
and each compartment number is used as a gene to form an
integer coding method, as shown in Fig. 6.

cabin number

217 |1 Arcab

Areal| AreaZ Area3|Aread

Areab
2

Area7 | Arca8
1 3

#

Areal
10

Areal2| Areal3
8 5

Areal0 | Areall
9 6

Inter coded sequence number
{12-13-7-11-2-4-1-3-10-9-6-8-5}

Fig. 6. Integer coded map of cabin sequence

(2) The reciprocal of the total objective function F(X)is
taken as the fitness function shown in Eq. (6).

F(X)zmini i (wlxaijxdij+w2><bijxdy.) (6)

i=1 j=i+l

(3) Cross-operation is the basic function of the genetic
algorithm. Crossover of permutation was modelled on
solutions developed for the travelling salesman problems. The
order crossover algorithm is a relatively simple and effective
solution [8,22]. Meanwhile, a cross-repair program [23] is
used to make the infeasible individuals feasible, so as to ensure
the smooth progress of the algorithm.

Firstly, two cabin sequences are randomly selected from
the entire cabin sequence as parent one and parent two.

Parent1: | 7 [2 [8 [0]13] 1 [1z[5]u]a[s5]a]4]

Paent2: (5[4 [1]7]0 [11]2]8]13] 3 [10]12[6 ]

Secondly, two numbers are randomly selected from 1 to
13 as the intersection.

Paentl: [T |2 [8 [10]1a] 1 [12] 5[11]@]5]5 [ 4]

Parent2: (5[4 [1[7]8 [11] 2] 8 133 10 12]e |

Thirdly, the parts between two intersections of the parents
are exchanged.

Paent1: [7 [ [5 [10]8 11 ]2 [B [1a]a [5[o] 4]

Parent2: [5 [ 4 [1 [ 7[13]1 [a2]5 [ ]6 Juo]1z]s]

Fourthly, it can be seen from the third step that
compartments 2 and 8 appear repeatedly in parent 1 and
compartments 1 and 5 appear repeatedly in parent 2, which
does not meet the requirements of the population.

In this paper, we propose to use matrix mutation to
transform many illegal individuals into legal individuals,
so as to ensure that there are more modes of legal individual
generation and to expand the search space.

The condition that a legal individual need to satisfy is the
coding matrix of n vertices. For each 1 whose number is n, it
must be in a different row and column on the non-diagonal,
and 1 has no symmetric element.
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The population of individuals in this paper is represented
by 0 and 1 matrices. If the first number in the population is 7,
it is expressed by a(7,1) =1. If the fifth number is 9, then it is
expressed by a(9,5)=1. Other numbers in the matrix are 0.

Take the following parent 1 cabin sequence as an example.

parent1: [7 [2 [8 [10]0 [a]2 8 a3 5 o[ ¢]

The [0 1] matrix is as follows.

0000000000000
0100001000
0000000001
0000000000
0000000000
0000000000
1000000000
0010000100
0000100000

0
0
0
0

S
Il

000100000
000001000
000000000

0
0
0
1
0
0
0
0
0
0
0
0000000010 0

For matrix A, the repair process is as follows:

Select line i:

@ Ifthereis only one 1 on the non-diagonal line of the row,
its position is (i, j) and other elements of the corresponding j
column are all 0; the 1 is retained;

(@ Ifthere are two or more 1 in the row, take any 1 on the
non-diagonal line, and its position is (i, j), then the other 1 of
the corresponding row i and column j will be changed to 0;

(B If the row has no 1 and the corresponding j column
hasno 1,if i # j then in position (i, j), change 0 to 1;if i = j
then change 0 to 1 elsewhere in the row.

@ Ifthereisa symmetric element of 1, exchange its row
with one of the rows in the matrix until there is no symmetric
element in the coding matrix.

Repeat (1) - (4) until all 1s of the matrix are in different
columns of different rows, and all 1s have no symmetrical
elements and no 1s on the diagonal line.

According to the above steps, the illegal matrix is converted
to a legal matrix, and the process is as follows:

[0000000000 0 0 0] [00000000000 0 0] 000000100000 Q]
0100001000 0 0 0 27 010000000000 0| ., 010000000000 0
000000000100 0| 27 000000000100 0| (7 000000000100 0
000000000000 1| (55 |0000000000001| (125 |000000000000 1
000000000010 0 ? 000000000010 0| 0 000000000010 0
00000000000 00| (9,12) [00000000000 00| (#12) 0000000000010
A={1000000000 000 |—— 10000000000 00 »10000000000 00
0010000100000 | ;_y o (0010000000000 ¢_y1 0010000000000
0000100000010 000010000000 0 0000100000000
0001000000 000 00010000000 00 0001000000 0 00
0000010000 0 00 0000010000000 0000010000 0 00
0000000000000 0000000000000 0000000100000
0000000010 00 0 0000000010 00 0 (0000000010 0 0 0]

The individual population becomes of the following form.
It can be seen that this population meets the requirements.

Parentl: [ 7 [ 2 [ 8 [10]0 i1 Jizfia]a] s 6] 4]

(4) In the mutation operation, the exchange mutation
method is adopted to exchange two cabin numbers in a cabin
sequence. The main principles are as follows:

Firstly, one cabin sequence is randomly selected from all
cabin sequences as parent 1.

Paentl: [13]2 [0 [11iz]1 ]3] aw]a]5]7]6]
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Secondly, two positions are randomly identified as variation
points in the selected cabin sequence.

Paentl: [13[2 [o [u1fiz[ 1 [3]4fuo]s]s]7]6]

Thirdly, the cabin numbers of variation points are
interchanged.

Parentt: [13] 2 [9 [11[10] 1 [a 4 [i2] &[5 [ 7]6]

RESULTS ANALYSIS

Analysis of computed results

Setting the number of population to 50 and iteration times
to 500, the crossover probability is 0.9 and the mutation
probability is 0.1. After comparison, the following five
program output schemes with smaller objective function
values are selected to be analysed (see Table 12).

Table 12. Five program output schemes

Number Cabin sequence Obj ecti:;ehf:nction
1 6-5-8-7-2-4-1-3-11-9-10-13-12 168.2
2 6-5-7-8-1-3-2-4-10-9-11-12-13 178.4
3 1-3-12-13-10-9-8-11-2-4-7-5-6 175.8
4 1-3-12-7-10-9-8-11-2-4-13-5-6 179.2
5 12-7-1-3-11-9-8-10-13-4-2-5-6 186.6

The algorithm starts to converge at around 160 generations
according to Fig. 7. This shows that the improved basic genetic
algorithm has successfully solved the mathematical models
for optimisation of the cabin placement layout.

280

P
o
=)

240

220

Population oplimal largel value

=
)
=

160
o 100 200 300 400 500

lterations

Fig. 7. Improved genetic algorithm optimisation results

Validation

In order to verify the validity of the algorithm, the
cabin placement layout result solved by the improved GA
is compared with SLP. The objective function value solved
by GA is 176.5. The algorithm starts to converge around
412 generations according to Fig. 8. Also, the percentage
increase of the cabin placement layout schemes is 5%, but
the computing time is much longer than with the improved



genetic algorithm. The objective function value solved by
SLP is about 221.4, and percentage increases of five cabin
placement layout schemes output by the programs are positive,
respectively 24.0%, 19.4%, 20.6%, 19.1% and 15.7%, which
shows that in terms of cabin circulation and cabin adjacency,
the schemes output by the improved genetic algorithm are
better than the preliminary layout scheme. Figs. 9-13 illustrate
the cabin placement layout models of the five schemes output
by the programs.

o 50 100 150 200 250 300 350 400 450 500

Iterations

Fig. 8. Genetic algorithm optimisation results

mess room galley
student cabin I water closet 1 laundry drying
clinic food store room
student cabin 2 water closet 2 toilet classtoom library

Fig. 9. Cabin placement layout model of the first scheme

student cabin 2 | water closet 2
library classroom clinic toilet
student cabin 1 | water closet 1
food store room galley mess room drying laundry

Fig. 10. Cabin position layout model of the second scheme

student cabin 1 |  water closet 1

library classroom toilet clinic

student cabin 2 water closet 2

mess room galley food store room laundry drying

Fig. 11. Cabin position layout model of the third scheme

mess room calley
water closet Istudent cabin 1 laundry toilet
clinic food store room
water closet 2 student cabin 2 drying classroom library

Fig. 12. Cabin position layout model of the fourth scheme

food store room galley
laundry toilet | water closet 1 |student cabinl
clinic ‘mess room
drying water closet 2 | student cabin 2 classroom library

Fig. 13. Cabin position layout model of the fifth scheme

Since the program seeks the best combination of cabin
positions in strict accordance with the defined parameters,
and the selection of parameters is influenced by subjective
factors, the above-mentioned cabin position layout schemes
only represent the relative position between the cabins in
terms of cabin adjacency and cabin circulation. In order to
determine which compartment position layout scheme is
most likely to be applied to the actual cabin layout, the five
schemes are selected using the analytic hierarchy process.

OPTIMAL CABIN PLACEMENT LAYOUT
BASED ON AHP

The analytic hierarchy process (AHP) was proposed by the
famous mathematician T. L. Satty in the middle of the 20th
century. This is a simple, practical, multi-level and systematic
comprehensive analysis method, especially for complex multi-
objective decision-making [24].

1) Establishing hierarchical structure

The cabin placement layout hierarchical structure is shown
in Fig. 14.

A: Target layer

1
‘B: Criterion layer
J

A: Determine scheme

Bl: level of functional B2: Reasonable degree
iformi of criculation

B3: Reasonable degree
of proximity

\ /—

L N =
‘ C2: scheme2 ‘ C3: scheme}‘ | C4: scheme4 ’CS: scheme5

F: Scheme layer {:‘1 : schemel

Fig. 14. Hierarchical structure
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2) Establishing judgment matrix for each layer
The judgment matrix of the importance of each factor of
the criterion layer to the objective layer is shown in Eq. (7).

1 12 2
B,=[2 1 3 7)
12 13 1

where B, indicates the importance of criterion i and criterion
j to the objective layer.

Establishing the judgment matrix of the scheme layer
relative to the criterion layer, in Ep. (8), the judgment matrix
is used to express the importance of the five schemes to the
functional uniformity of the criterion layer.

11 2 3 4
11 2 3 4
CL=|12 12 2 3 ®)
13 13 12 1 2
4 14 13 12 1]

In Eq. (8), C1, indicates the importance of scheme i and
scheme j to the functional uniformity of the criterion layer.

(1 2 4 3 5]
12 1 3 2 4
C2,=|1/4 13 1 12 2 )
/3 12 2 1 3
|5 14 12 13 1]

In Eq. (9), C2, indicates the importance of scheme i
and scheme j to the circulation route reasonableness of the
criterion layer.

(1 1 2 3 2 ]
1 1 2 3 2
C3,=|12 12 2 (10)
173 13 12 1 1/2
12 12 1 2 1

In formula (10), C3; indicates the importance of scheme i
and scheme j to the adjacency reasonableness of the criterion
layer.

3) Single layer sorting

The maximum characteristic root A__and corresponding
eigenvector of each judgment matrix are solved, then
the maximum characteristic root is normalised, and the
normalised vector W is set as the weight of each factor. The
solution results are shown in Table 13.
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Tab.13. Results of single order sorting

Judgment B, ci, c2, 3,
matrix 7 7 Y J
A 3.0092 5.0364 5.0681 5.0133
0.2969 0.3192 0.418 0.614

0.5396 0.3192 0.262 0.614

w 0.5396 0.1840 0.097 0.325
0.1094 0.160 0.183

0.0683 0.062 0.325

4) Checking the consistency of single layer sorting
The CR value of each judgment matrix is calculated as
shown in Table 14.

Tab. 14. CR values of each judgment matrix

Judgment
matrix Bij Clij C2ij C3ij
CR 0.079 0.0081 0.0152 0.0029

From Table 13, it can be seen that the CR value of each
judgment matrix is less than the specified value 0.1 in the
AHP, and the single layer sorting passes the consistency check.

5) Overall layer sorting

The overall sorting results of the factors of the scheme
layer to those of the objective layer are shown in Table 15:

Table 15. Calculation results of C layer factor weight

B B1 B2 B3
Total sorts

C 0.2969 0.5396 0.1635

C1 0.3192 0.4185 0.2978 0.3693
C2 0.3192 0.2625 0.2978 0.2851
C3 0.1840 0.0972 0.1578 0.1329
C4 0.1094 0.1600 0.0888 0.1333
C5 0.0683 0.0618 0.1578 0.0794

From Table 15, it can be seen that the weights of the
five schemes are, from one to five: 0.3693, 0.2851, 0.1329,
0.1333, and 0.0794. The five layout schemes are sorted as:
scheme 1 > scheme 2 > scheme 4 > scheme 3 > scheme 5, so
after AHP analysis, scheme 1 is the optimal scheme among
the five cabin position layout schemes.

CONCLUSION

The placement layout design of ship cabins plays an
important role in the general layout design of a ship.

In this paper, the key elements in the implementation
of the SLP method are analysed. According to the logistics
relationship, non-logistics relationship and comprehensive
relationship between the cabins, and based on the
comprehensive approach degree between the cabins, the
preliminary cabin position correlation diagram is drawn
after repeated modification to realise the preliminary diagram
of the cabin position layout model.



Taking the degree of circulation and the degree of adjacency
as the objective function, the mathematical model of the
cabin position layout is established, and the improved genetic
algorithm is used to optimise the solution. A feasible solution
system is found to solve the cabin position layout problem,
and the best cabin position layout scheme is given. Compared
with the traditional genetic algorithm and SLP method, the
improved algorithm is proved to be correct and effective.

Finally, considering the human factor in the layout of the
cabin, combined with AHP, five better schemes are evaluated,
and the most likely scheme for use in the actual layout of the
cabins is selected.

This is of great significance to the study of designing the
automatic layout of cabin positions and lays a foundation for
the specific layout of cabins. However, this is a combinatorial
optimisation problem, which means it is an NP hard problem.
At the same time, many factors should be considered in the
layout of cabin placement. The following work will be carried
out in future.

1) When building the mathematical model of cabin layout
optimisation, only two important indexes are selected.
How to build more indexes and a more comprehensive
mathematical model are subjects worthy of further study.

2) In this paper, only the location layout stage of the cabin
layout design is studied. For the specific cabin layout
problem, many other constraints and layout criteria need
to be considered in detail.

3) For the improved basic genetic algorithm, the improved
strategy only refers to the methods related to this kind of
problem. A new algorithm or a more detailed improvement
strategy should be proposed to solve similar layout
problems more effectively.
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